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OF

THE LINNEAN SOCIETY.

I. Monograph of the Acetabularieoi . By Hermann, Graf zu Solms-Laubach,

Professor of Botany, University of Strassburg, Foreign Member of the Linnea^i

Society.

(Plates I.-IV.)

Read 19th April, 1894.

1 HANKS to the work of Nageli, Woronin, de Bary, and Strasburger, the structure

and development of the European species of Acetabiilaria are tolerably well known,

and about no other type of Dasycladeae does there exist so rich a literature. Woronin

and de Toni have sufficiently treated of the older literature occupying a standpoint which

we may now consider left behind us. Leitgeb has minutely investigated the rich

inuline contents of the plant; the same author has made the cell-membrane and its

incrustation the subject of a critical treatise ; and the other forms of Dasycladeae have

recently been repeatedly studied by Agardh, Cramer, and myself. However, a com-

parative examination of the genus Acetahularia and its nearest allies from the

systematic point of view has always remained a desideratum, though serviceable

preliminary treatment of it has been furnished by Kiitzing, Harvey, Agardh, and

Cramer. Since the systematic study of Acetahularia provides a foundation for

palaeophytological work I have been the more attracted to it, and will submit the results

of my examination into this side of the subject in the following pages. If I have

attained anything having a claim to general interest I must attribute it first of all to the

great liberality and kindness with which valuable material has been made accessible to me.

I have been able to examine the AcetabulaiHece of the British Museum, of the Kew

Herbarium, of the Herbarium of Thuret, of the Berlin, Gottingen and Strassburg
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Museums, and the original specimens of Beccari's collection at Elorence. Single species

were sent to me by Professor Perceval Wright, Professor Agardh, Dr. Schenck, and

Professor Farlow, and I wish to express my indebtedness and thanks to all who have

thus aided me.

Of living AcetahulariecE there have been described three genera : \\z., Acetahularia,

Lam., Polyphysa, Lam., and Ealico^^yne, Harv., witli which Sender's genus Fleiophysa

is identical. To these are to be added the fossil forms established by Munier-Chalmas

and the genera placed here, Acicularia, d'Archiac, Briardina and Orioporella, Mun.-

Chalm. Of the two latter genera (not yet fully described) Briardina comes very near

to Acicularia, as I know from a kind private communication of its author ; Orioporella,

however, does not belong here at all, as he has recently convinced himself, and therefore

needs no farther mention.

According to de Bary and Woronin's description the fertile pileate shoot oi Acetahu-

laria mediterranea consists of the stalk, with its foot grasping the substratum ; of the

basal portion, immersed in this ; and of the cap, which is partitioned by regular radial

walls into chambers, which are in open communication with each other only in the

middle, above the insertion of the stalk. This central flat area, covered with a level

circular membrane terminating the apex above the insertion of the stalk, may be

called the central area. It is surrounded by a continuous, circular, convex cushion,

which I shall call the corona superior, belonging to the chambered marginal portion of

the disc. The corona superior is farther composed of numerous firmly united radial

sections or areas, the rays of the corona. Each of these radial areas bears a radial row

of circular protuberances, or scars, which correspond to tufts of hairs that have fallen off

or have remained incompletely developed and one-celled. The number of these scars

varies. Cramer gives them as 4 to 5, though higher numbers may well occur. Where
the hairs are complete they belong to the outer parts of the row in question. On the

under side of the cap there are present, according to de Bary and Cramer, two concentric

cushions surrounding the insertion of the stalk. The outer, more peripheral of these

corresponds exactly with that found on the upper surface and may be called the corona

inferior. It also is composed of exactly as many radial areas as there are chambers in

the margin of the cap, but the hair papillae are wholly absent. The more central

cushion, adjoining the stalk, is not sharply separate from the other, but gradually

becomes merged in the central area. The peripheral one consists of what may be called

the vestibules of the chambers of the cap, of which there is one for each chamber, but
separated by a fold of the membrane like a transverse septum, which within shows only

a small opening, frequently becoming obliterated by subsequent growth in thickness.

While, therefore, each disc or sporangial ray stands in open communication with the

relative sections of the corona superior and inferior, it is separated from its vestibule by
the membrane described with a central perforation. The corona inferior and vestibules

were first correctly described and figured by Cramer for A. crenulata.

We have, then, in the middle the central area, into which open the narrow
vestibules, adjoining, but separated from each other by a thick meml)ranous process.

I^ext there is the peripheral crown of radial chambers, firmly united to each other
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laterally, and separated from the corresponding vestibule by a wall perforated in the

middle. Each one of these chambers consists of the basal portion, which bears a segment

of the corona superior and inferior, and runs out between both in the direction of the

radius into the sporangial ray. In Aceiabularla medlterranea there is no sharp limit

between basal portion and sporangial ray *, and both pass imperceptibly into each other

with an open lumen. But we shall see that this varies in allied forms, as may be seen

in the description of A. Peniculus. Characteristic of our species is the firm union of

the radial chambers already described ; it extends to all parts of them and reaches the

outermost margin, so that this appears as exactly circular as if cut out. The upper

corona is bounded on the outer side by a simple circular line ; in the lower the single

chambers bulge somewhat outwards, so as to give a wavy contour, which is added to by

the unusual thickening of the sections of the membrane f.

In the ripe cap-bearing shoot the whole contents of the disc are used in the formation ol"

the egg-shaped spores, the peculiar formation of the membrane of which was represented

more correctly by de Bary and Strasburger than by Woronin. At one pole of the spore

the circular lid, which resembles a cone-valve inserted into the membrane from within,

is situated as in Neomeris ; its contour lines on both sides in an optical section of the

spore consequently converge a little outward. De Bary states correctly that the moderately

thick spore-membrane shows stratification, and consists of an outer thicker layer and an

inner thinner one of different capability of swelling up. He has established that both

layers are formed of cellulose, easily rendered blue and completely soluble in SO^H^, but

that on the surface of the spore there is found a tender cuticle-like pellicle, which sbiins

yellow with iodine and withstands sulphuric acid, but remains over after treatment

of the spore with concentrated acid in the form of a crumpled sac, when the whole

internal portion has been completely destroyed. There Avill be a farther op2)ortunity, in

describing the genera Chalmasia and Halicoryne, of returning to the very complicated

and peculiar structure of the membrane of the spores of Acetabulariem, since the spore-

membranes of these genera are much better adapted to investigation than those of

species of Aoetahularia on account of their greater thickness.

Woronin had already observed this cuticle-like lamella, and he states that it is the

first thin membrane which the primordial spore forms on its surface. The cellulose

layers are consequently differentiated immediately afterwards as the second proper cell-

membrane. This point, as well as the development generally, deserves fresh investigation,

which ought to be carried out under conditions of time and place unfortunately

impossible for me, since they involve the summer months. JS^evertheless, I will now

briefly indicate the points for such revision and the question concerning it, in order that

other botanists, of Italy or the south of France, who always have access to the plants,

may have their attention drawn to them. According to Woronin there appear in the

* The lumen of the latter is only somewhat narrowed towards the point of contact.

t Woronin's figures, in Ann. Sc. Nat. ser. 4, tome xvi, pi. 9, are, so far as they are concerned with the

structure of the cap, somewhat diagrammatic, but in the main correct. His pi. 9. fig. 4 shows the central opening

in the membrane dividing vestibule from ray as too wide, and this division itself as a simple fold of the common

membrane. Compare the figure in this memoir, Plate I. figs. 7, 8.

b2
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homogeneous cliloropliyll-l3earing protoplasmic layer of the sporangial ray small,

completely colourless, round spots, about which the protoplasm gathers as about

attraction centres. De Bary, who cites tbese spots, says (9, p. 719) " eacb spot appears

to be a centre of attraction for a portion of the protoplasm, and may therefore well

correspond to a nucleus." This appears to me to rest on a misunderstanding of

Woronin's statement. Since, as his drawings show, these clear spots remain con-

tinuously well defined up to the complete rounding off of the spores, they cannot

well be in the centre, but must rather be towards the outside of the young spores

(compare "Woronin's figures, pi. 6. figs. 1-5) ; in figs. 1 and 5 there is at the periphery of

the primordial spore a shallow excavation, and Woronin says expressly '* en examinant

plus attentivement la structure de ces corps elliptiques on voit qu'ils ne consistent qu'en

un sac primordial, qui a a sa surface une petite cavite, ou, ce qui est memo probable, una

ouverture." There can scarcely remain any doubt that this cavity represents the profile

view of the clear spot, the filling up of which with colourless protoplasm the author had

not sufiiciently taken into account, although he has drawn it in fig. 4 in the form of an

outline running over the excavation. Should it indeed be so, then the point ought to be

farther enquired into whether the clear spot contains a nucleus, or whether these are to

be found in numbers distributed throughout the protoplasm, as a priori appears more

probable. We know from Schmitz's investigations that in the chambers of the disc of

sterile plants of Acetabularia there are present, together with numerous small chloro-

phyll bodies, a large number of very small nuclei, which are much smaller than the

chlorophyll grains among which they are irregularly distributed. He then continues :

—

"In the formation of the spores and zoospores there have been repeatedly observed, as

is knoT\Ti, clear spots which doubtless represent nuclei. Their size, however, is far more

considerable than that of the very small nuclei in the cap of the sterile plant, and their

number much less. There must take place before spore-formation various processes in

connection with the nuclei of these plants, perhaps conjugations like those recently

described by Berthold for JDerbesia'' He takes accordingly precisely the position of

de Bary in his interpretation of the clear spots.

I believe I have seen these minute nuclei in the protoplasm of the stalks of

preserved material of A. mediterranean and would even assume that they are to be
found in the layer next the wall of the spores among the amylum granules; but I

certainly cannot express myself on this point with complete definiteness because I could
not, among the many difficulties presented by this plant, succeed in obtaining an
undoubted nuclear stain with any staining agent.

Wliile I must thus leave the whole question of the nucleus and its elucidation to

future observers, I should like to call attention to the possibility of explaining the whole
body of facts in the following way. The peripheral clear spot of W^oronin's figures
recalls in a striking manner the colourless protoplasmic portion which bears the cilia of
an ordinary Confervaceous zoospore. If one now assumes that there is here a true homo-
logy, then the cap would correspond to a true zoosporangium of which the zoospores no
longer develop cilia and do not escape, but rather surround themselves with a membrane
at the place of origin, and enter at once into a resting stage, as indeed happens elsewhere
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among Algae, e. g. in the formation of the polyhedra of Jlydrodictyon. After a lengthened

rest these spores then give rise to the sexual generation of gametes descrihed by

Strasbnrger *.

The formation of resting spores would then he merely shunted to another point of

the life-history. We know from de Bary, moreover—and the same takes place in

Dasycladus according to my observations—that the zygote, after coming to rest, imme-

diately grows out in the form of a cylindrical tube. De Bary could not obtain the

normal development of this in his cultures of Acetahularia, but he was able to establish,

from specimens collected in the open, that it first forms a basal vesicle as a store for

reserve-material, that it then becomes strengthened by repeated diaphysis from this part

which remains after the dying of the upper part, and grows into a small plant provided

with several whorls of branched hairs. After an uncertain number of diaphyses, the

apex of the stalk invested with whorls of hairs arrives at the formation of a cap, which

closes the development of the plant with the formation of spores. One finds clearly

marked on the stalk of each fruiting specimen, below the terminal cap and at some

distance apart, especially after decalcifying it, several whorls of circular scars where

the tufts of branched hairs, now fallen off, were formerly situated.

As regards the development of the complicated structure of the cap there are few

observations before us, and these incomplete. However, even so, they show that the

naarginal chambers of the cap do not arise as so many separate projections like the hairs

of a whorl and subsequently unite, but that the whole margin of the cap first makes its

appearance in the form of a continuous cushion below the arched apex of the shoot.

With its first formation there coincides that of the chambers and the closing of them

towards the vestibules, so that, as I have seen in my spirit-material, they are completely

developed when the cap is still in a young state. I have represented in Plate I., figs, i,

8, 12, such young stages of the cap in lateral view from the outside and in section.

From the outside it appears like a flat, projecting, arched band, bordered above and

below by a sharp circular furrow dividing the sectional views of the walls of the chambers

by numerous perpendicular lines into almost rectangular areas adjoining each other. Each

of these partition-walls corresponds at the stalk end of the band to a line running gradually

downward—the projection of the inward fold of the membrane separating off the vestibules.

The longitudinal section (Plate I. fig. 8) shows that these vestibules are completely

formed, and that the folds separating them at the inner margin are frequently

strengthened and irregularly thickened. Prom the central area the margin of the cap

appears to be completely separated by the partition, a simple fold of the membrane perfo-

rated in the middle. On the other hand, all the differentiations of the wall of the cap are still

absent, the outer limit of the chamber seen in section is simply convex, or shows at most

a slight depression in the highly arched central portion, where the membrane also shows

itself weaker. The whole cap-chamber is completely filled with dense protoplasm

without vacuoles. The shallow cavity becomes more pronounced with farther growth,

* They would represent the rudimeutary sexual geiienition of the plant and be partly male and partly female, as

is expressly stated by Strasburger. Willi reference to such a view I am in complete agreement with Falkenberg

[II, p. 270].
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so that the chamher is eventually bilobed (Plate I. fig. 4). The upper of the two lobes is-

the corona superior, from which the young hairs at once begin to grov\^
;
the lower gives

origin to the corona inferior, at the upper margin of which the sporangial ray springs

from the basal portion. And since all these processes of development go on in exactly

the same fashion in the neighbouring chambers they remain in close connection and form

themselv^es into the marginal region of the disc.

Harvey has given beautiful representations of the habit of the delicate Acetahularia

(§ Polyphysa) Peniculus. The long calcified stalk, provided with a foot at the base and

beariiig a cap at the apex, is furnished at intervals with small nodular swellings, each of

which bears a crown of circular scars, the points of insertion of a whorl of hairs. Cramer

found these still in situ on certain specimens, and I also have seen them. But the disc

consists of a variable, relatively small number of rays, which are quite free from each

other and attached at the base to a small lateral projection of the central portion. Eacli

such ray corresponds to a chamber of the margin of the disc of Acetahularia mediter-

ranean and adjoins, as in that case, a vestibule which forms a fold-like bend of the central

portion

—

i. e. the projection described. On the ray the same parts are to be distin-

guished, but the differentiation of basal portion and sporangial ray is here much sharper.

The latter has the form of an ovate-clavate, bladder-like swollen sac, with a rounded

margin, and is connected with the almost cylindrical basal portion by its much narrowed

base closed by a transverse wall. On the upper surface it bears a process somewhat

broadened at its blunt apex and completely free all round, its particular part of the

corona superior which shows on its apical surface 2 or 3 large broad scars of hair-tufts.

These Cramer [5] at first overlooked, but subsequently [6] described on the whole accurately.

"When three scars are present they form a triangle with the base turned outwards, and

when there are only two they stand obliquely behind each other, not straight as Cramer

has said. A true corona inferior is wholly wanting, unless one follows Cramer in

regarding as one the slight arching-out of the basal portion beneath. The calcification

of the membranes is to some extent perceptible in the stalk only and is not present in

the rays of the cap, or if so only as a very slight surface incrustation covering it all

equally. The spores are of regular globular form, and otherwise on the whole similar

in their structure to those of Acetahularia meditcrranea (conf. Plate II. tigs. & 7).

Of the genus Polyphysa, thus distinguished by its wholly free rays of the cap and its

globular spores, for a long time only two species were known, both from Australia, viz. :—
P. asperfjillosa, Lamour., and P. Cliftoni, Harv. An examination of Harvey's original

specimen of the latter, which I was enabled to make by the kindness of Prof. Perceval
Wright, resulted in the view that at the most this form may be regarded as a variety of

the other with somewhat longer, more blunt, more clavate, and less swollen sporangial
rays, but in all other points in exact agreement. Besides, in examining numerous
specimens of Acetahularia Peniculus, caps are sometimes found which show an approach
to the Harveian form. The sporangial rays of the original are entirely without lime, and
filled with collapsed spores (from this cause polygonal in form), to which the thin sunken
sporangial membrane has become so closely pressed that it appears crumpled. The
same thing is to be seen in herbarium specimens of the normal form which have been
very slightly calcified.
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There arc described in this paper several species which, from their characters, approach

Acetahularia FenlculiiSi although sufficiently distinct from it. Tliey Avant, however, so far

as I could observe, the transverse wall between the basal portion and the sporangial rays,

and they diflPer farther in the form of the latter, which, for example, in my Acetahularia

exigua (Plate II. figs. 1 & 1) are somewhat cucumber-shaped and concave above, and

in the number and arrangement of the hairs on the parts of the corona superior.

Moreover, many of themje. g. A. parvula, n. sp. (Plate II. fig. 5), A. pohjpliDSoldes, Crouan,

show a ditference in the mode of calcification of the rays of the cap, which in these instances

is not equal all round, but much more abundant on the side-walls adjoining each other,

and is often present there only, so that the spaces between the rays are filled with lime

and bind them together with the appearance of a closed disc. There would be very

little, therefore, against the supposition, after this discovery in a mature state, of an actual

development in the manner of Acetahularia mediterranean in which the final dissolution

of the rays held together only by the lime incrustation takes place by the swelling and

destruction of the common middle layer of the partition-walls. If we learn from the

latter species how little weight is to be attached to these characters for a generic

separation of Acetahularia and Polyphysa, this appears clearer than ever if w^e pass

such a series of species in review as I have placed in the section Acetabuloides, and

contrast them with our one European species forming the section Acetabulum. The best

kno^Ti forms of this series are the nearly related A. crenulata and A. caraihica, Kiitz.,

round which a number of other species are grouped. In Acetabuloides the corona

superior and corona inferior are developed in the same way as in Acetabulum, but their

parts are not continuous with others laterally, are, on the other hand, smaller than the

basal portions of the rays, and present knobs or processes completely free all round,

although often closely adjoining. It is remarkable that this character has been

overlooked by all authors who have dealt with the genus.

Woronin says [31, p. 201], "Dans le 4*"™nome (185G) des ' Tabuhc pliyc' Kiitzing

decrit et represente une nouvelle cspece de VAcetahularia: A. caraihica ; mais cette espece,

a ce qu'il me semble, ne diff'ere en rien de VAcetahularia mediterranea "
; and Cramer,

who is otherwise so accurate, says [5, p. 21] :
" The caps of A. crenulata are provided

above and below with collars, and the upper appears to differ in no respect from

A. mediterranea.'^ All have observed that the connection of the sporangial rays in

Acetabuloides does not reach to the outermost point, and that in consequence the margin

of the disc appears toothed or notched. Agardh was the first to found on this point a

division of the genus into two sections, which agree exactly with mine, although more

precise knowledge of the distinctive characters was then wanting.

In regard to the firm lateral connection of the sporangial rays, the forms belonging to

Acetabuloides show differences. In none of these species is this union so firm as in

A. mediterranea ; indeed, two species are described— viz. A. Calycuius, Quoy et

Gairaard (Plate III. figs. 6, 7, 10, 13), and J. Farlowii, n. sp. (Plate III. fig. 1),—which in

the complete separation of their rays come very near to Polyphysa, from which they are to

be distinguished only by the presence of a well-develoj)ed corona inferior. In most of

the species, certainly, the rays remain, after decalcification, more or less united laterally
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by a slimy, soft substance, which opposes little resistance to a dissecting needle, and i*

often so soft that its consistency is destroyed by the evolution of gas in the action of tht^

acid. In how far this substance represents the swollen middle lamella of a circular

cushion of united chambers originally closed like Acetabularia mediterranean or wholly or

in part the cohesive product of the disorganization of the outside of the originally free

walls of the ray as in FoJijphysa, cannot be certainly determined without a knowledge

of development unobtainable from dry material. Be this as it may, in any case

A. Calycuius and A. FarloioH, in all other respects true Acetahularicr, agree in this

point in the mature condition with JPolyphysa. There is otherwise such a series of

intermediate cases that this character does not maintain any systematic significanc(\

Eor this reason I have thought it right to sink the genus Polyphysa^ distinguished only

by the absence of a well-developed corona inferior, and to regard it as only a section of

Acetabularia.

Acetabuloides appears to include numerous species falling under several groups

within which they are to be distinguished only with difficulty. A definite elucidation of

all these forms is not possible on the basis of the generally meagre specimens preserved

in herbaria. Various doubtful specimens have consequently not found a place in this

paper. The classification given here is less concerned with the natural relationship

than with an attempt to attain a ready key to the naming of species. Otherwise

A. Farlowii, n. sp., and A. Suhrii^ n. sp., would probably have been brought nearer to

the group of A. crenulata and A. caraibica ; while A. dentata, n. sp., would be separated

from it. A. Calyculus^ Quoy et Gaim., would be isolated, and the three species dis-

tinguished by the size of their caps, A. Kihieri, J. Ag., A. major, Mart., and A. Gigas,

n. sp., would form a natural group. In these three species the radial walls dividing the

chambers of the cap show a common peculiarity first noticed by J. Agardh in his

A. Kilneri (Plate I. fig. 6), The section of the radial wall shows a broad, soft, slimy

middle layer, and two coarse layers bordering the lumina of the chambers. These show

perpendicular stratifications irregularly distributed, but often in groups, passing out

towards the slimy middle layer and not towards the lumen, and sometimes alternating

with each other like notches. If one tears the chambers apart to view these stratifi-

cations from the surface, it appears that they are not equally developed over the whole

surface of the wall, but most strongly at the upper and lower margin, decreasing,

flattening out, and vanishing imperceptibly towards the middle. Plate I. fig. 6 a shows

them in normal position from one side of the surface of the cap ; Plate I. fig. 6 6 in

oblique surface view obtained by pressing asunder the two lamella?.

Enough has been said to lay a foundation for the appreciation of the genus Acetabn-

laHa as understood here. A peculiarity is to be mentioned, however, which occurs only

very rarely in other species, but appears to be characteristic of A. crenulata in its

normal development, viz. : the shoot, after forming the first cap, grows through it and
produces several others in succession. Specimens of this species are common enough with

several caps of unequal development abovi^ each other (Plate I. fig. 1) ; very often only the

uppermost remains, and thick nodular swellings, with scars, shoAv the places on the stalk

where former caps have fallen off. Between every two of such caps there is a whorl of
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dichotomous sterile hairs, and if they have fallen off, the scars likewise remain on

much smaller swellings of the stem. This regular alternation of cap and wliorl of

hairs was excellently illustrated hy Harvey [12, p. 40], and later descrihed hy Cramer

[5, p. 24].

The scars of the whorl of fallen hairs are easily distinguished from those of the cap.

While they have the form of hrq^d oval figures, not touching each other, with a point in

the centre—the original opening now closed uj)—those of the disc-chamhers are pressed

together laterally, elongated, and marked with a narrow central perpendicular slit. In

order to explain the mode of origin of this very peculiar appearance I examined such

caps as were over-ripe and beginning to disintegrate. Tliis resulted in the observation

that the hreaking-up was caused hy the splitting of the partition-wall between the

vestibule and the basal portion of the cap-chamber, but that simultaneously (through a

farther thickening of the membrane of the stalk) a deeper division is attained in which

the new lamellge, produced by apposition, cut off transversely and bridge over the cavity

of the vestibule. It is the lumen of the vestibule, thus cut off and much narrowed

laterally by thickening, which, after the decay of the lamella originally covering the

partition, appears in the form of the perpendicular slit described. Since i had only

a small amount of material of Acetabularia crenulata suitable for determining this

question, I was unable to follow out the stages in the cutting off of the vestibules ; in all

the caps still in situ which I examined there was nothing of this to be found. I have

never observed this peculiarity at least in typical specimens of A. caraibica, in every

point nearly related to A. crenulata \ Kiitzing's ^. caraihica, var. calyculata, of which

this is the distinguishing point, is probably only the true A. crenulata.

The possession of several successive caps on the same shoot is otherwise a rare anomaly

in the genus. Exactly this condition of A. crenulata was found on a specimen of

A . Calycuius, Quoy et Gaimard, by Askenasy. On another shoot of this species the same

author found two successive caps separated by several hair-whorls. They have been

observed by Bornet and Woronin in a few specimens of A. mediterranean and by myself

in a single specimen of A. Mobii (Plate IV. fig. 1). But in the latter case it differed from

A. crenulata in that the two caps were immediately one above the other without the

intervening whorl of hairs. How it would be in this respect in the case of A. mediter-

ranea I have been unable to decide from lack of material.

Let us now examine the genus Acicularia, d'Archiac, which has been hitherto known

only in a fossil condition. It was established by dMrchiac on small longish bodies,

pointed at one end, broad and emarginate at the other, found in the Paris Eocene, which

consist of calcium carbonate and are surrounded with numerous cavities opening outwards.

Both d'Archiac and Michelin referred them to the Bryozoa, and Reuss at a later date did

the same, while Carpenter placed them among the Eoraminifera. To the original species

A. pavantina, d'Archiac, lleuss added another similar form from the Austrian Miocene,

viz. A. miocenica. The circumstance that these lime-spiculse were occasionally found

together radially disposed, and that the remains of radial partition-walls w^ere to be

recognized, led Munier-Chalmas to remove them from the animal kingdom and, with rare

divination, place them with the AcetabulariecB. This conjecture, which had little to

SECOND SERIES.—BOTANY, VOL. V. C
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support it in the fossil material, has been more recently proved true in the most brilliant

fashion by the discovery of a living species of this genus. Of this species I found first

specimens from Martinique in the Berlin Herbarium, then several from Guadeloupe in

Herb. Thuret, but later I found that it had been described as A. SchencMi, Mobius, from

specimens gathered by Dr. Schenck, at Cabo Prio in Brazil. I was unable, however, to

satisfy myself of this determination until I had received the original specimens from the

discoverer. Nothing was to be made of the description of the plant, which did not

mention the principal peculiarity. The cap-bearing shoots of AciciUaria Schenckii

(Plate III. fig. 14) agree in all essential points of external structure with those of

Acetabularia, section Acetabuloides. Their sporangial rays are rather closely united

;

the coronse superior and inferior are well developed and agree in form with those of

A. caraibica. While the sporangial rays of Acetabuloides contain numerous round free

spores, in this plant each ray contains a small body that exactly corresponds in form and

structure with the lime-spiculse described for Acicularia. It consists of a strongly calcified

substance enclosing numerous cavities lying near the surface, and consequently trans-

parent. In each of these and completely filling it there is a spore of the same structure

as those of Acetabularia (Plate III. figs. 9, 15). It follows that the pits of the fossil forms

are spore-containing cavities from which the spores have disappeared and the external lime-

covering has not been preserved, so that they appear as opening outwards. If such a spori-

ferous spicula be treated with dilute acid, there remains as the substratum of calcification

a slime of small consistency, which surrounds the sppre-cavities and is quite homogeneous,

showing no diflPerentiation either superficially or internally, except that here and there

among the spore-cavities and occupying exactly the middle there are triangular or quadran-

gular spaces. The spores themselves are globular, with a sharply outlined, rather thin

membrane, provided with a lid in the usual way. In consequence of drying they have often

collapsed in the form of a basin or dish, exposing a part of the spore-cavity, from which it

may be inferred that in the mature condition they lie free within it. On treatment with

sulphuric acid the membrane swells up exceedingly, and on its surface there appears a

very delicate, tightly-stretched membrane, with a sharp contour, which finally bursts and

sinks down folded up, proving to be a very delicate cuticle-like lamella {of. Plate III. fig. 9).

If we turn to the careful examination of the unaltered spicula in order to obtain a

clear understanding of the origin of the slimy substratum of the calcification, we see that

the lime-mass does not possess equal thickness at all places, but that each spore is sur-

rounded as with a shell by a wall-like ring of maximum calcification. These shells

appear to be stuck to each other by a shght lime-incrustation in the interstices, and the

above-mentioned angular spaces, quite without lime, are to be found here and there in an

unaltered state. A view of the whole gives the impression that the slimy substance has

originated by a transformation of the outer layers of the spore-membrane, and that these

are afterwards united into a firm mass by calcification. If the slime were the remainder

of the protoplasm of the sporangial ray not used in the formation of the spores, as might

very well be the case, then it would be impossible to understand why it is not evenly distri-

buted, and why its density should decrease in so striking a way in the direction of radii from
each spore. However, there is opposed to this view the circumstance that the membrane
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of the enclosed spore possesses already its own cuticle-like outer lamella exactly as in

Acetahularia, thus appearing completely closed externally. AVe should have to assume

that tliis lamella gradually succumhs to tlie transformation into slime and is again

renewed from the layers heneath, which is indeed the less impossihle since the membrane
in question does not represent a cuticle in the chemical sense of the word. We shall

return to this point in describing the spore-structure of the genus Ilalicoryne. The

tracing of the mode of development of the sporangial ray, which alone could give us

more information on this point, was impossible owing to the state of the material.

The fossil form described by Andrussow as Acetahularia miocenica, Andr., whicli occurs,

forming on rocks, in the Crimea, south of Sebastopol, in the ravine of Karanj, may be put

with the genus Acicularia. But in this form there are not merely the spore-containing

spicula?, but whole caps, and their parts are preserved. From Andrussow's [2] descri|)tion

and figure I had thought of putting it into Jcioularia even before I had received several

fragments through the kindness of the author. The examination of this certainly

scanty material lias only confirmed me in my opinion. In fact it agrees with Acetahularia

or Acicularia in external conformation as well as in its double corona, but whether the

corona exhibits the characters of Acetahulnm or Acetahuloides could not be determined

from my material. The extraordinary strength of the chamber partition-walls is very

striking, and it gives great consistency and hardness to the whole fossil. This is not

shown in Andrussow's somewhat diagrammatic woodcut. Each sporangial ray encloses a

free spicula formed like it and bearing the spore-cavities in four rows, of which two lie

near the upper and two near the lower membrane, while in the middle and towards

the chamber partition-walls homogeneous lime prevails. (Compare the surface view of

the chambers containing the spiculc3e, Plate III. fig. 13.) Round each spore-cavity there

is a circular zone which stands out, when viewed in a reflected light, through its

white colour against the central mass of the spicula, though a sharp contour is not visible.

The calcification does not appear from Andrussow's statements to be so complete in all

cases, for he says (§ 78) :
" But sometimes the calcification appears to have gone farther, so

that almost the whole cavity of the radial chambers is filled with lime and only small

round holes remain corresponding to the cells. At least certain of the specimens from

the Karanj ravine indicate this, and somewhat rubbed portions of such specimens show

a certain likeness to the so-called Acicularia from the Paris Eocene." Such, at any rate,

are the specimens I have seen. Nevertheless it is not to be doubted that the spores

when the plant was alive were united in calcified spicula3, perhaps of loose porous

consistency. In the fossilization of spore-bearing uncalcitled Acetahularia chambers the

spores would probably be destroyed, and would certainly not be preserved with so sharp a

contour of the interior and in so characteristic and regular position. Andrussow himself

assumed a calcification of the living spore-wall. He says [2, p. 79] :
—

" Our alga is

generally more calcified than the known Acetabularia;, and it is still more distinguished

from them by the presence of cells in the chambers, which has not been observed in any of

the living AcetahulariecB. This circumstance, however, appears to me to be insufficient to

warrant the removal of this alga to a separate genus. We know, indeed, that the radial

chambers in a ripe state are filled with spores arranged, according to Woronin, in a spiral

c2
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line. The spore-membranes of our incrusted algse might probably be calcified [a pheno-

menon not seldom observed in many other JDasycladece], and in this way give rise to the

cell-formation mentioned." With reference to the words placed in brackets, Andrussow^

was not justiiied in their use, since, at the time he wrote them, Acicularia, Chalmasia,

and Ilalicoryne, the only genera of Betsycladew with calcified spore-membranes, had not

been investigated with reference to this point. Since the name " miocenica " has been

given to another Acicularia, I must name afresh the South Russian fossils, and they may

be called Acicularia A^idrussowii.

Chalmasia antillana is the name by which I shall refer to a plant w^hich I discovered

in Herb. Thuret, represented by a few incomplete specimens collected by Agassiz in the

West Indies. In habit it agrees with Acetabuloides, of which the disc-chambers are

easily separable after decalcification. But it shows on closer examination the characters

of Folyphysa ; the corona inferior is absent. The free parts of the corona superior have

a peculiar form and terminate in obtuse processes with two or three hair-projections.

The calcification is slight and apparently confined to the outside of the membrane.

On the sporangial rays there are irregular lime-scales, surrounded by furrows, lying on the

outside of the membrane, and somewhat easily loosened with the help of a needle. The

cbarac^ter of the genus is to be found in the spores. These are free as in Acetabularia

and fill the sporangial ray with their irregular mass ; they are provided with a thick, very

strongly calcified membrane, and appear on this account, when seen with a pocket lens,

as milk-white, not transparent globules. When these spores are decalcified they show

first of all that their membrane, compared with the forms already mentioned, possesses

extraordinary thickness, is beautifully and abundantly stratified, and surrounded by a

definite, coarse cuticuloid layer. The locus of the lime-incrustation is to be found here

in the layers themselves of the membrane, while those of Acicularia, where only the

slime mass is calcified, are quite free from it. Again a lid of circular form and consider-

able diameter is present. It has, however, a somewhat different form and does not repre-

sent a cone-valve inserted from within, but rather it broadens towards the outside so that

in optical section the two lateral bounding lines converge towards the interior, and do

not diverge as in the other cases. Possibly this stands in connection wdth the remarkable

thickness of the spore-membrane, which, if the lid w^ere inserted as in Acetabularia,

would necessitate a considerable increase in the volume of the spore to render its falling

out possible. For the rest the spores agree down to the minutest details with those

of Ralicoryne, with which, however, Chalmasia could not be united owing to the wholly

different structure of the shoot (comp. Plate III. figs. 2, 3, 5).

Of the genus Ralicoryne there are two species known, viz. K. Wrightii, Harv., from
the Loo-choo Islands and the Philippines, and R. spicata, Kiitz., from New Caledonia. The
first brief description was given by Harvey in October 1859, and then Kiitzing, without
knowing of this publication, described the other species as Polyphysa spicata, Kutz.,

which Souder subsequently, again without knowing of the Harveyan genus, distinguished

by the name of Pleiophysa spicata without farther statement. Since then Agardk only

has made farther examination of these rare plants ; Cramer had no material *.

* See note on p. 39.
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Notwithstanding' its aberrant external appearance, Ilalicoryne approaches in its

structure near to Acetabiilaria^ sect, l^ohjphysa, as Kiitzing j^^stly recognized and expressed

in the name he gave it. Its erect stem is clothed in regular sequence a\ ith wliorls closely

occurring, alternating, and with different characters ; and, according to the kind of whorl,

more or less strongly developed at the nodes. It terminates in a cupola or dome-shaped

growing-point, surrounded by tlie young bud-like whorls, which are inclined towards it

;

or, when its growth in length has ceased, quite abruptly, with a flat surface immediately

above the last fertile whorl. The whorls consist in one case of repeatedly multisect hair-

tufts of the usual kind, developed as a rule in groups of eight, but very soon falling off

and leaving only their round scars on the surface of the stem. These whorls correspond

to the less pronounced swellings on the axis. Between these, and, as has been indicated,

present only on the full-grown plant, there are 16-branched wliorls of a different kind,

arising from the more prominent swellings of the stem. Its branches are completely

free, and consist of an almost cylindrical basal portion seated on a small vestibular fold of

the stem-tube and divided from it by a basal partition-wall in the well-known fashion, and

of a terminal, simple, longish ovate, pointed vesicle curved somewhat upwards and almost

pod-shaped—the sporangial ray of the adult fertile plant. On the upper side of the basal

portion, in the neighbourhood of the place where it turns into the sporangial ray, there

is a minute papilla-like convexity which bears a terminal, short, unicellular hair-process,

or two of them, one behind the other. In young branches these hairs are firm and erect,

and in the mature ones collapsed ; they remain, however, at least in H. spicata, always

persistent, while in the other cases they often, certainly not always, disappear.

In Salicoryne TFrightii this convexity is always recognizable, even in the mature state,

as a small but still definite process ; in H. spicata its elevation is so slight that it barely

appears on the mature branches, and the hair-cells rise simply from the surfjxce of the

basal portion (comp. Plate IV. figs. 9, 11). We have in it the very feebly developed

parts of the corona superior (comp. Plate IV. figs. 4, 5, 10).

While in AcetahulaiHa the cap-whorl reaches full development first on the older and

already strengthened plants, the youngest specimens in this case that I have seen are

provided with both sorts of whorls in complete and regular alternation. In such plants,

however, there is no spore-formation, which occurs only on the older individuals of about

a fingej-'-length. In the young plants of H. spicata, so far as I can perceive, the branches

of the sterile fructification-Avhorl are pointed upwards and lie like roof-tiles over each

other, much as Kiitzing has figured them ; in those of H. Wrightii (collected by the

* Challenger ' Expedition at the Philippines) they sprout forth at right angles from the

stem-cell and become recurved and hang down parallel with the stem. So long as the

branches of the fertile whorl do not form spores and remain sterile, the basal portion

stands in wide open communication with the sporangial ray ; when the spores are formed

a partition is developed which is characterized by strong and often very irregular thickening

(Plate IV. figs. 4, 10, 11). Agardh has given a description, correct in the main points, of

the structure of Ilalicoryne ; he has recognized the alternation of the different whorls and

has seen the coronal prominences on the basal portion of the cap in H. Wrightii, which

be only has investigated, although the proportions are not rendered on his plate v.
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exactly true to nature. The hair-scars also have escaped his notice. The very character-

istic lime-incrustation of JELalicoryne does not appear to have been taken into account by

Agardh, who at all events does not describe it.

If weexamine the surface of the axial tube of the young part of a plant, the whole external

surface of the membrane will be seen to be covered with round scale-like groups of

minute needle-shaped crystals of calcium carbonate, between which there remain small

interstices almost free from lime. These scales subsequently increase greatly in size, and are

easily broken out with a needle ; they become united into a continuous crust, though the

interstices are much less strongly calcified. If the carbonate be dissolved with acetic

acid, the thick membrane is left clear as glass, acd there are to be seen numerous oxalate

crystals, often densely occurring, firmly attached to its inner surface. Transverse sections

show that the thick, strongly refractive, clearly stratified membrane remains wholly free

from lime, and that the incrustation is only in a slimy coating developed on the outer-

most margin ; its unequal distribution may have given rise to the scaly lime-formation.

On decalcifying such sections one sees the slimy substratum of the incrustation always

appear in little hillocks at the places corresponding to the scales.

The whorl rays are the same in this respect, but in them the calcification is much less

and inconsiderable.

The spores of Halicoryne (Plate IV. figs. 3, 7) are in structure similar to those of

Chalmasia ; they are, however, in the two species so far different that while in Halicoryne

Wrightii they fill the sporangium with white globules in great numbers, in R. spicata they

are present in much fewer numbers and are united in an irregularly formed aggregation

like a small roundish oval stone, in which only after decalcification are the single

elements, polygonal from mutual pressure, to be clearly recognized.

The single spore of R, Wrightii is almost globular, and is distinguished, as already

mentioned, by the complicated structure of its extremely thick cell-membrane ; to what
has been said (under Chalmasia) with reference to the lid and its insertion there is

nothing to be added. If the spores be embedded in gum and the sections so obtained

be examined, the whole membrane will be seen to consist of three different layers. The
greatest of these is the middle one, which is the seat of calcification. It exhibits a
peculiar striation in the direction of the radii, which causes the delicate stratification,

which is also present, to be scarcely apparent, if at all, though it is somewhat more
distinct in H. spicata. The striation depends apparently on differences of density in the

substance
;
the minute lime-granules of the incrustation, disposed in radial rows, follow it,

and without doubt they are situated in the less dense layers, and they appear clearly

during the first effects of dilute acetic acid or after treatment with chloriodide of zinc.

After their solution the striation is stiU clearly apparent, but later it becomes less

distinct from the swelling up. At the outer and inner margins of this layer of the
membrane there is a denser seam showing the radial striation, but either free from or
almost destitute of lime, which appears very sharply defined at the commencement of
staining with chloriodide of zinc, because the colour-reaction begins in it later than in
the remaining weaker part of the middle layer. The cellulose reaction is easily obtained, as
de Bary has stated for Acetabularia mediterranea, and mere treatment with iodine is
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sufficient to demonstrate it. The thick middle layer is bounded on the inside by a relatively

thin, stratified, strongly refractive layer, turned blue with chloriodidc of zinc ; it directly

encloses the contents. Outside the layer bearing the incrustation is the thin cuticle-like

membrane, either not stained with preparations of iodine or merely turned yellow

;

at the commencement of swelling it readily rises up in folds and is then easily

observable.

If the section passes through the lid of the spore (Plate IV. fig. 8), several complications

will be found at its margin. The marginal surface between lid and spore-membrane

appears on both sides as a sharp line running through the membrane. This line consists

of an extremely delicate, perpendicular lamella passing outwards into the cuticuloid layer

and inwards into the internal layer. That these connections exist and that the lamella

goes transversely through the incrusted layer is shown particularly clearly at the com-

mencement of the swelling of the section, where, for example, the cuticuloid layer rises

in folds and one sees the lamella in question emerge distinctly above the incrusted layer

and pass into the cuticuloid one. It undergoes in this apparently a stretching, not

shared in by the incrusted layer in the mass. We have seen that the incrusted layer

possesses a denser margin on its inner and outer sides ; a similar one is also presented

towards the transverse lamella forming the lid-margin, so that it is accompanied on both

sides by a more strongly refractive seam of the incrusted layer connecting the similar

portions of the outside and inside, in the lid as well as the rest of the spore-membrane.

When sections passing through the lid have been carefully treated with acetic acid and

then stained with a little iodine, the subsequent treatment with concentrated sulphuric

acid causes the membrane, coloured blue, to swell up enormously. The outer cuticle-

like lamella and the lamella separating spore and lid do not take part in the staining.

The inner layer swells up and exhibits its stratification ; soon this stratification becomes

indistinct, and all begins to dissolve, with the exception of the outer cuticuloid layer and

the lamella between spore and lid. Finally this latter is destroyed, and there remains

only its point of connection with the outer layer as a knob-like swelling forming a circle

in a surface view of the section. In the end there is left over only the cuticuloid layer,

which undergoes no farther alteration. This layer, however, is not a true cuticle, since,

apart from its resistance to sulphuric acid, it sho^vs none of the characteristic reactions

of cuticle, is unaltered in chromic acid, and does not turn yellow on warming in potash.

Of what nature this modification is must be left undecided.

In the examination of spores, decalcified most carefully with very dilute acetic acid,

there always appear outside the cuticuloid layer several very delicate parallel marginal

lines which appear to indicate the presence of a clear, stratified, gelatinous envelope. If it

be really present one would regard it as the equivalent of the slime mass which envelops

the spores of Acicularia and binds them together, serving as the substratum of calcifi-

cation*. Since, however, in examining sections of embedded spores, I have never been

able to discern again the least trace of this, I am doubtful whether these lines may not

be ascribed to an optical illusion. I should have liked to examine the condition of the

spore-membrane on the opening of the lid, but I had no suitable material. It is

* The adhesion of the spores of Halicoryne spicata might be similarly explained.
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manifest tbat in this process the cuticuloid lamella as well as the inner layer must be

separated by a circular cut. The transverse lamella, bordering the margin of the lid,

less altered than the cuticuloid layer, must then serve as a sliding surface at the

removal of the lid, but whether it remains with the lid or with the spore I must leave

undecided.

Disregarding the great structural differences that exist between the series of Cymo-

poliecB, Bornetellece, and Acetabulariece, the systematic connection of these groups has

so impressed recent authors that they either unite them all as Dasycladece, or they divide

them into two allied families of Basycladece, which in this case also includes the Boi^-

netellecB and separates off the Acetabulariem. The more our knowledge of all these genera

increases the more clearly manifest becomes their connection—their morphological

homology. In spite of this, the literature contains only a few attempts at a careful

comparative treatment of their organs. Only in Ealkenberg, in Wille, and in Cramer do

I find observations of the kind. They carry out quite correctly the comparison of the

main axis—the stem, as well as the verticillate lateral members borne by it—the leaves,

which are distinguished by limited duration of growth and become the bearers of the

fructiti cation. These leaves are either all alike or they are of two sorts, partly sterile and

hair-like, frequently di-polychotomously branched, and partly fertile and club-shaped.

Ealkenberg goes farther than Wille, since he says (p. 270) of Acetahularia :
—" The cell-

branches which unite to form the cap are distinguished from the other verticillate branches

not only by the absence of further branching and by their persistence on the axis, but

by the fact that in them only does the formation of reproductive cells take place, while

the hair-branches, like the chambers of the rudimentary cap, remain sterile." This

rudimentary cap is our corona inferior. That follows from the passage which says :
—'*So

the cap is doubtless to be regarded as equivalent to the previously formed hair-whorl of

the shoot of AcetahUa?'ia ; the transition from this hair-whorl to the mature cap-whorl is

facilitated by a branch-whorl which remains rudimentary and surrounds the cap as a

cushion on its under side .... Ordinarily the capacity for forming caps is extinguished

with the development of the first fully-formed one. Above it, however, there are formed

several whorls of umbellate hair-branches, which soon fall off ; but the internodes of the

main axis do not extend above the cap, and the membrane of the main axis, in which

they were inserted, showing the scars of the fallen branches, surrounds the navel-shaped

depressed apex of the shoot in the form of a circular wall." According to this view

the cap is a highly complicated aggregation of hair-whorls placed together, of which one

goes to the corona inferior, another to the sporangial rays, and several to the corona

superior. Falkenberg has examined only Acetahularia mediterra/nea, and it in a mature

state; otherwise he must have convinced himself of the untenability of his opinion. The

position of the hair-scars in all Folyphysa^, particularly in Acetabularia polyjjhysoides and

A. Mobil, where they form a whorl on each side of the coronal prominences (Plate IV.

figs. 2, 6), shows that we have to deal in it simply with the parts of a complete peculiar

body—the coronal prominences. To this is to be added the late appearance of the

sporangial rays in the development of the cap of J. meditert^anea^ in which an originally

undifferentiated primordium breaks up into corona superior and an under portion which,
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long after the commencement of the growing out of their hairs, divides its(^ll' into

sporangial ray and corona inferior. It is impossible to close one's eyes to the view that

the whole chamber with all its parts represents a complete formation, if, indeed, one may
not take it as the homolosrue of a sincrle whorl. That this mav be so I believe I am in a

position to prove. It is common to all Dasycladecc that the branching of their short

shoots is of the di-polychotomous type, and to this rule the AcetabulariecB, as regards

their sterile branches, form in no way an exception. As regards the morphological

position of the sporangia, there are two actually diiferent cases, if we look away from

Acetahularia and its allies. The one occurs among the CymopoliofP, the other among the

Bornetellece. In the former case the sporangium arises from the apex of the ray whicli

has already produced its branch-whorl, if such there be ; and this teaches us that we

have to do with a cymose and not with a dichotomous or polychotomous system in the

branching of the short shoot. In Dasycladus, Neomeris, and Cymopolia it is the

primary shoot which terminates in a sporangium ; in Botryophora secondary branches

take part also in this transformation, but these have no farther branching. There thus

arise lateral as well as terminal sporangia, but these belong to the branch-whorl itself

and are homologous with the secondary rays. It is quite otherwise in Bornetella. Here

the sporangia occur as lateral outgrowths in indefinite numbers and position from the

primary ray, whicli ends blind in all cases after it has given rise to the characteristic

whorl of secondary rays forming the rind. The sporangia of Bornetella are lateral new

formations, and they should not be compared with the parts of the normal branching

system.

How, then, do the sporangial rays c>{ Acetahularia compare Avith this ? I do not hesitate

to assert that they could be compared only wnth tliose of Bornetella. In Acetahularia

polyphysoides, for example, or A. 3Idbii, the basal part, together with the coronal promi-

nences it bears, is equivalent to the basal part of the short shoot ; the crown of hairs on

the terminal prominences is the whorl of the secondary branches. It is plain that the

sporangial ray does not belong to this wiiorl—it is a protuberance of the basal portion

that is only apparently pressed into a terminal position. It is distinguished from the

sporangium of Bornetella by its aberrant form, by its occurrence singly, and by its

definite position on the basiscopic side of the branch. But these relations are not so

clear in all Acetahularieoi as they are here. In the section Bolypliysa, which affords

simpler relations of organization, and in SaUeoryne and Chalmama as well, there is

present a manifest limit between sporangium and basal portion ; in Acicularia, Acetabu-

loides, and Acetabulum these become somewliat obliterated. And at the same time the

Avreath-like position of the secondary branches on the single sections of the corona

becomes less clear, until finally, in many species of Acetabuloides and Acetabulum, they

come together in a radius forming a single row. The most aberrant type is Acetahularia

viediterranea, for long the only one closely studied, in which the closed connection of the

parts is found.

With this statement the course of development is in accord. The apex of the ray. th(^

corona with its hairs, is formed much earlier than the sporangium and may be regarded

at first—at least wdth as much justification as the other- as the terminal portion of the

SECO^•D SEHIES.—BOTANY, VOL. V. ^
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^^ liole slioot (compare tlie figures, Plate I. figs. 4, 8, 12, of Acetahiilaria mediterranea, as

well as Plate TV. fig. 5, Saliconjne Wrightii). The thrusting towards the acroscopic side

happens through its excessive grow^th in size.

A beautiful confirmation of what has just been said came into my hands after the text

of this paper had been prepared. A young specimen of A. Feniculus was examined, in

which immediately beneath the cap, normal in all respects, there w^as a whorl of hairs

which attracted my attention from the vesicular form of its branches. Closer exami-

nation resulted in disclosing a very remarkable anomaly (Plate II. fig. 2). Among the

short shoots of the whorl in question there were single ones of quite normal character,

polychotomous, provided with cylindrical, hair-like, long cells of the same order as the

bi'auches. Most of them, however, w^ere transformed into arrested fruit-discs. The

stalk was formed of the primary branch of the short shoot ; its secondary branches were

shortened and bore at the apex in place of the tertiary outgrow^ths, as a rule, one

terminal, short, papilla-like cell, rarely two inserted together. That these represent the

branches of the third degree there could be no doubt. The sporangial ray appeared as a

more or less developed knob, sometimes constricted at the base and vesicular above, on

the basiscopic side of each of the secondary branches of the short shoot ; it never attained

complete development, and always persisted in a distinctly lateral position. We have to

do here, then, with the formation of caps of a higher order, since the secondary branches

of the short shoot undergo the same alteration as occurs otherwise only on the primary

ones. By a farther development of the anomaly we should have a plant of which the

terminal fruit-disc would be surrounded by a complete whorl of similar lateral ones.

Perhaps Woronin's observation of a branching Acetabularia mediterranea in which each

branch bore a cap may be explained in this w ay ; or, on the other hand, it may be only a

fasciation-like forking of the stalk of the apex.

Among the Cymopolieoi we meet with a farther difi'erence of organization, in w-hich

the two other groups do not share, in the absence or presence of spore-formation in the

sporangia. We have to thank Cramer for a criticism of the systematic significance of

this character. He makes out that we are compelled, in the employment of this

character for the classification of the Order, to separate the neighbouring genera Botryo-

pJiora and Dasycladus, Neomeris and Cymopolia. That these two groups of genera, of

which one is incrusted and the other is not, have been farther differentiated in analooous

fashion is scarcely doubtful. But which of the divisions of each of these two groups is

the original one, w hich the more strongly modified and the more advanced ? 1 am of

opinion that one may not doubt, with reference to the alternation of generations of sexual

and asexual individuals so general among the Chlorojiliyceai, that those forms in wdiich it

fails, in spite of the apparent simplification of the course of development, are still the

most modified phylogenetically. So in this case Dasycladus, in which the sporangia, inter-

mitting the spores, directly produce gametes, the product of the conjugation of w hich I

saw grow directly into a normal young plant ; Cymojmlia, where possibly sexuality has

been lost, and only vegetative germination of the m hole sporangia retained—provided that

in the case of the preceding observations (Solnis) we have met with no abnormahty.
Dasycladus would stand in some such way to Botryo^^liora as CymopoUa to Neoiueris.
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It results from the comparison of these courses of development—as also from the

similar cases of Botrydium and Vaucheria—with tliosc of most Chlorophycece^ that it is,

particularly in the former group, the sexual generations that become rudimentary or

eventually disappear, while otherwise this is the case with the asexual. In consequence

we find in our group that the vegetative functions become attached to the asexual

generation, while usually they are attached to the sexual.

Possibly the consideration of this phenomenon might throw some light on the peculiar

apparently analogous separation of groups among the ArchegoniatcB^ where the Eerns, in

their course of development, w^ould correspond with the present group and the Bryinece

with the remaining Chlorophyceoj.

So much for the mutual relations of the genera of Cymopoliece. The Bornetcllece

,

including only the genus Bornetella, do not enter farther into the question, and we may
finally turn to the consideration of the relations which exist among the genera of

Acetabulariece. There are two points of view in the disposition of the forms : first, the

external development of the fertile plant ; and second, the distribution of the incrusted

parts in these. According to the first, Ilalicoryne, with its regular alternation of

numerous vegetative and fertile whorls, must be placed apart from all other genera

;

according to the second we should have, from the occurrence or absence of incrustation

in the interior of the sporangia, at least two if not three groups. One of these contains

merely the genus Acetahularia, the other all the remaining genera ; or if not, possibly

Acicularia should be separated from the others as a group in which not the spore-

membrane as in other cases, but rather a slimy mass within it of uncertain origin is the

basis of the calcification. There is naturally no certain proof whether one grouping or the

other is the correct one. But I should, after considering all the circumstances, place the

mode of calcification in the foreground, especially on this account,—that Halicoryne in

this respect agrees so absolutely with Chalmasia. We should then retain the two or

three groups mentioned, and the peculiar cap-formation must be taken as occurring in

the course of development at different times in the Acetabularidc(E and IIalicorynide(B.

That the type of Halicoryne stands nearer the ancestral form of the whole family of

Acetahulariece than the cap-forming type of the other genera seems to be supported by

its similarity to the more remotely allied types of the Dasycladece, from which it is

distinguished by the alternation of fertile and sterile whorls, and besides by the lateral

sporangium ; and this alternation we have seen occur in Acetahularia, where this genus in

its normal course of development, and not as a monstrosity, produces several discs in

succession above each other. This case, only known as yet in A. crenulata, would seem

to correspond to a reversion to a Halicoryne-like type.

Clavis Generum.

I. Sporse incrustatione calcarea omnino destitutae. Rami fertiles discum umbelli-

formem constituentes 1. Acetahularia.

II. Spora incrustatione. calcarea prseditse.

A. Ramorum fertiliura verticilli plures superpositi. Rami hberi vesiculiformes... 2. Halicoryne.

d2
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B. Rami fertiles discum umbelliformem constituentes.

a. Sporce incrustatione calcarea in spiculam aciculiformem coadunatse, stratis

membranaj interioribus calce destitutis 4. Acicularia.

^. Sporse liberse per totam membranam incrustatse 3. Ch almasia.

I. ACETABULAMA, Lam. in Bull. Soc. Phil. 1812, p. 185.

The erect axis, clothed with successive deciduous hair-whorls, terminating when ripe

in a cap-like whorl, of which the rays are either free or joined together ; each such ray

equivalent to a cell of the hair-whorl terminating in a knoh- or cushion-shaped process,

closing its portion of the corona superior and hearing here branched hairs in various

positions ; coronal prominences forced into a lateral position by the development of the

originally lateral sporangium, which finally contains the round or ovate spores witii

membranes free from lime, and opening after a time by means of a lid and emitting the

gametes. These develop after germination into a plant which fruits once and dies down

annually to the surface of the substratum, accumulating reserve-material in a basal portion

which is immersed in the substratum and cut off by a partition-wall, and finally fruiting

after its repeated diaphysis.

Clavis Specierum.

A. Disci fertilis radii ad apicem usque connati^ corona superiore et inferiore

prsediti. Coronse processus connatij superioris pilis uniseriatis 5 et ultra

praediti. {Acetabulum.) , 1 . A. mediterranea.

B. Disci fertilis radii plus minus connati vel subUberi^ corona superiore et

inferiore praediti. Coronse processus inter se liberi. (Acetabuloides.)

1. Eadiorum septa lateraha verticaliter striata.

a. Radii apiculati, processus coronse superioris extus bilobati 2. A. Kilneri.

^. Radii mutici, processus coronas superioris integri vel leviter emarginati.

a. Discus diametro 15-20 mm., membrana modice incrassata 3. A. major.

b. Discus maximus 35 mm.j membrana tenaci coriacea 4, A. Gigas.

2. Radiorum septa Isevia, baud verticaliter striata.

a. Radii apiculati.

a. Coronse superioris processus pilis ternis uniseriatis praediti. Discus

parvus infundibuliformis, margine apiculis pyramidatis graciliter

dentatus 5^ ^ dentata.

b. Coronse superioris processus pilis binis uniseriatis praediti. Discus

major margine apiculis brevibus crenulatus.

* Disci infundibuUformes saepius plures superpositi, radiis apiculo

^^"^^^^o 6. A.crenulata.
** Discus planus, radiis apice emarginatis, apiculum parvum gerentibus. 7. A. caraibica.

/3. Radii mutici, omnino exapiculati, plus mmus emarginati.

a. Coron-cfi superioris processus pilis quaternis irregulariter uniradiatis

P^^diti
8. A,Suhrii.

b. Coronae superioris processus pilis binis instructi. Radii omnino liberi.

* Processus corouie longe discreti, subtriangulares 9. A. Calyculus.
** Processus coronae approximati, extus subemarginati 10. A. Farlowii.
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C. Disci fertilis radii liberi, iuterdum incrustationc plus minus coaliti. Corona

inferior nulla. Coronie superioris processus inter se liberi. {Pobjphysa.)

1. Radii omnino liberi, incrustationc nulla vel subnulla, aequali.

a. Radii vesiculiformes, obtusi. Processus coronse pilis binis oblique seriatis

instructi 11. A. Peniculvft.

/3. Radii sursum curvati, elougati, apiculati. Processus coronas pilis ternis

triangulariter dispositis instructi . . 12. A. exigua.

2. Radii incrustatione partiali laterali coaliti.

a. Processus coronae pilis ternis instructi 13. A. parvula.

y3. Processus coronae pilis pluribus instructi.

* Pili circulariter dispositi 15. A. Mohii.

** Pili elliptice dispositi 14. A. pohjphysoides.

Section I. Acetabulum.

Fertile disc composed of rays firmly united up to their tips, and liavini^ corona superior

and inferior likewise laterally united, with ovate spores.

1. AcETABULAEiA MEDiTEREANEA, Lam. Hist. Polyp. corall. flex. 183 6, p. 249.

Disc in fully developed state extended flat, when younger more or less concave

;

sporangial rays as it w^ere cut off straight at the tips, with much thickened, completely

united membranes; corona superior forming a circular continuous undulating ring

surrounding the apex of the disc and corresponding wdthout and within to the narrow

individual coronal rays. Hairs or hair-scars on the apical surface of the coronal rays in

a single row in greater numbers (5-7), generally in tufts; corona inferior of similar

form, its rays in the apical view being notch-like at their outer margin.

Size of normal specimens : diam.*of disc 10-12 mm., often much smaller : breadth of

corona superior circa 0'125-0'150 mm. ; longit. diam. of spores, circa 0'095 mm., transv.

diam. 0-07 mm. (Plate I. figs. 4, 5, 7, 8, 12.)

This species, w^hich is among the largest of the genus, is easily recognized by the

characters of the section Acetahultmt. Its mode of calcification has been closely studied

by Leitgeb. Its degree varies very greatly ; the calcification of the peripheral layers,

which is excessive in sunny localities, may be completely wanting at greater depths or

in shadow. The specimens then appear quite green.

Section II. Acetabuloides.

Sporangial rays more or less firmly united or completely or partly free; corona

superior and inferior present, both consisting of free processes not united laterally with

each other.

A. Side-walls of the sporangial rays notched together by distinct thick processes reaching from the

upper surface to about the middle, gradually running out and springing towards the middle lamella.

The largest species of the genus.

a. Sporangial rays with apiculum and with the process of the corona superior bilobed outwards.

2. Acetabularia Kilneri, Ag. Till Alg. Syst. viii. 1880, p. 171.

Pertile disc large, long-stalked, only terminal, extended flat or slightly infundi-

buliform upwards, moderately calcified. Sporangial rays (57 in number) firmly united
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when fresh, but after decalciiication easily separable from each other as far as the base of

the corona, with the interlocking ribs irregular, but usually together in pairs and

increasing in numbers towards the centre, and with Hat but apiculate margin. Segments

of the corona superior and inferior similar, narrow, very closely pressed together, deeply

bilobed externally, often irregular from the unequal size of the processes, the membrane

of which is much thickened. Hair-scars on the parts of the corona superior as a rule

in fours, forming a series here and there pushed outwards. Vestibular folds much

thickened in the surface view towards the apical membrane, standing out as strong,

refractive, round knobs alternating with the rays.

iSize : diameter of cap 10-lG mm.; breadth of corona superior 0'2G mm. (Plate I.

fig. 6.)

It is found on the warmer Anstralian coasts—Edgecumbe Bay, coll. Kilner, Hb. Ag„

Thuret, Strassburg ; Port Bowen, Aiistr. or., coll. A. Dietrich, Hb. Thuret (nomine

A. crenulata, var. tricuspidata, Grun. ; a eel. Grunow missa).

Among the existing descriptions of different Acetahularice, which confine themselves

for the most part to the citation of trivial things and are not therefore intelligible

without an inspection of the original specimens, Agardh's representation of his

A. Kilneri is a notable exception. He has not only rightly recognized the character of

the section Acetabuloides, but also the form of the two coronas, and has seen the notch-

processes of the side-walls of the sporangial rays, thus pointing out the actual differential

characters of his species.

b, Sporangial rays without apiculum. Segments of the corona not deeply

bilobed towards the oiftside.

3. AcETABULARiA MAJOR, Mautcus, in Preussisch. Exped. nach Ostasien, Bot. Theil, Die

Tange, von G. v. Martens, BerHn, 1866.

—

A. crenulata, var. major, Bonder, Algen
d. trop. Australiens, 1871.—^. deniidata, Zanard. Phyceai Papuanae, [N'. Giorn. bot.

ItaL 1878, p. 38.

In habit generally resembling A. Kilneri ; cap large, long-stalked, extended flat, only

slightly calcified. Sporangial rays (70-80 in number) united in the calcified condition,

but separate from each other up to the base of the corona after decalcification ; notch-

processes of the side-walls much less sharply defined ; apices of the rays blunt, cut off

straight or somewhat emarginate, wholly without apiculum ; segments of the coroca
superior and inferior of similar shape, those of the upper quite narrow, without
emargination, each with a single series of about 8 hair-scars, those of the lower with a
slight bulging outwards of the margin ; spores seen only in an unripe state and,

considering their extraordinary differences in size, a scarcely normal condition.

Size
:
diam. of cap 15-20 mm. ; breadth of corona superior 0-18-0-22 mm. • size of

spores 0075 mm.
Hah. On the tropical shores of Eastern Asia. Collected at Sima-haradscha in Siam,

in Pebruary 1862 by SchottmiJller (Hb. Berol.) ; Atapapua, Timor (Hb. Strasb.) ; at

Warbusi, in Geelvink Bay, Xew Guinea, collected by Beccari, March 1872 (coll. Becc.
Strasb.).
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4. AcETABULARiA GiGAS, n. sp. A. mctjori simillima scd major, niembranis coriaeois

instructa, pilis in coronye superioris processibus octonis vel decenis subuniseriatis.

Ejesembling A . major in all its characters, but much larger and more robust—the

veritable giant form of the genus. Stalk not completely present up to 25 cm. and more

in length; cap of 1*5 cm. radius; distinguished from ^. major by the firmness and

thickness of its membranes, by the much coarser and more detinite notch-marks of the

side-walls, in which it greatly exceeds A. Kilneri; rays, of which at least 76 were

present, after decalcification easily separable up to the base of the corona ; corona

superior consisting of narrow segments entirely without emargination and bearing

numerous (8-10) hair-scars, in one regular series on the inner and in two irregular series

on the outer side, the outermost having only short hair-j^rocesses ; segments of the corona

inferior from the apical view longish ovate, quite without emargination ; spores very

numerous in each ray, relatively small and globular.

Size : breadth of corona superior 0'41 mm. ; spores 0"077 mm.
Sab. In the seas of Eastern Asia.

The specimen preserved in the British Museum from Herb. Hance was collected

floating in the sea, by Swinhoe, on the south-west coast of the island of Formosa, at

Liang-kiau. As G. Murray writes to me, there are specimens of the same species named

Androsaces Liizonis, and collected by Kamel in Luzon, in Herb. Sloane sub 163, fol. 2,

and 223, fol. 36. The photographs of this plant, nat. size, kindly taken by Mr. Gcpp,

show a diameter of cap 25-27 mm., and come between A. major and A. Gigas in size.

As to its other characters I cannot judge merely from the photograph.

It is not possible to combine this species with A. major, in spite of the very minute

differences by which it is distinguished. Possibly, after a better examination of the

localities, farther similar forms may be found. It will then be possible to settle the

limits of the species, but meanwhile it appears to me at all events more expedient to

maintain apart such extraordinary forms in spite of the slightness of their distinguishing

characters.

c. Side-walls of the sporangia! rays without distinct notch-ribs.

a. Sporangial rays with apiculate margin. Apiculum in A. caraibica absent altogether,

or often stunted on certain rays, but seldom on all.

5. AcETABTJLAiiiA DENTATA, n. sp. Gracilis, disco infundibuliformi, tandem subexplanato.

Disci radii pyramidato-acuminati, acuti. Processus coronse superioris pilis ternis

uniradiatis instructi.

Cap-forming plant, small and delicate, with short stalk up to 2 cm. in height ; disc

terminal, small (about 2 mm. radius), at first basin-, later dish-shaped, a flat margin

appearing sharply toothed, often ultimately turned down. Sporangial rays 30-iO, some-

what strongly calcified all round, united, but after decalcification for the most part

separate, with very delicate, easily ruptured membranes, elevated pyramid-fashion at the

apex, with concave border and sharp pointed apiculum. Segments of the corona

superior small, somewhat crowded, longish ovate, externally very little or scarcely

emarginate, with three hair-prominences in one row ; corona inferior similar, but with

sharp bilobed margin.
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Size : diam. of cap 4 mm. ; breadth of upper corona Oil mm. (Plate I. fig. 11.)

A. Calycuius, Zanard., non Quoy et Gaim.

Bah. In tropical Eastern Asia: first collected in a young unripe state at Sorong, New

Guinea, and determined by Zanardini as A. Calycuius, Quoy et Gaim., afterwards at

Macassar in Celebes (no. 927) together Avith A, parvula, also at Maumeri in Elores

(no. 1198) by Mrs. Weber van Bosse. Probably the specimens distributed as A. mraihica

by Vieillard (no. 2047), from New Caledonia, belong to this species, but the plants

are too young for determination.

The specimens from Maumeri preserved in alcohol permitted closer study of the dense

and repeatedly polychotomous hairs, of which one for eacli coronal segment attains

development. Ordinarily this is the outermost, sometimes the second of the promi-

nences, in which latter case the outermost develops into a somewhat thick-walled knob.

The New Caledonian plant shows three, in many cases four hair-scars, w4th the hair-

tuft as a rule arising from the innermost.

A. dentata is easily to be distinguished from tbe two following species by its small

size, tbe peculiar dentition of the margin of tbe disc, the inequality of the two coronas,

and the hair-scars being in threes.

6. AcETABULARiA CRENULATA, Lam. Hist. Polyp. corall. flex. 1816, p. 219.

Plant large. Discs of the younger individuals generally 2-4, above each other, and

between them in each case the scars of hair-tufts ; on older plants mostly only the

terminal ones persist, and beneath them the nodular thickenings of the stalk denoting

the places of attachment of the others.

Discs basin-shaped, rarely flat, strongly calcified, formed of numerous narrow, united

rays (32, 57, 60, 80 counted), with cupola-like arched ends with short apiculum. Corona
superior and inferior alike formed of longish crowded segments, externally more or less

clearly emarginate and with very much tbickened membranes. Hair-prominences of

the corona superior in pairs, one behind the other, on each segment.

Size: diam. of cap in good specimens 10 -15 mm.; breadth of corona superior 0-22-

0-26 mm. ;
diam. of spores 0*075 (according to Cramer 06-83 (h). (Plate 1. figs. 1, 2, 3.)

Exsicc. Earlow, Anderson & Eaton, Alg. exsicc. Amer. bor. no. 42.

Rah. At the southern point of Elorida (Key West) ; in multis colls.—Guadeloupe
(S. Martin, Lac de Simpson, Conquerant no. 44 lib. Thuret) ; Bahama Islands,

Herb. Berol. ; Cobija, Bolivia, coll. Osthaus (Hb. Gottingen), on wood, in company with
Neomeris annulata. (" Dans les eaux tranquilles, pen profcmdes, souvent troublees et forte-

ment echauffees par le soleil, sur des rochers ensables, des bois immerges, le plus souvent
meme dans le sable. Se rencontre assez frequemment en parasite sur Vllalimeda et le

Basycladus. N'a pas de saison, persiste toute i'annee, entre en vegetation en Dccembre."—3£aze et Schramm.)

I was able to study the disposition of the hairs on a specimen from Key West. The
developed hair-tufts form a wreath, while those of the outermost scars are regularly
stunted. In addition to this, far fewer tufts thin rays reach full development,'' while
every fourth coronal segment bears a fully-developed hair-tuft with three lying between
having no such tufts.
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Compare what has been said on this point under ^. den fata. Should these dillerenccs

prove constant on farther investigation, they Avould yiekl important dillerential characters,

but this cannot be established on the scanty material of our collections.

Typical specimens of A. crenulata are very easily recognized even at the first glance.

All the same, there are forms which connect with the following species so well that

their determination becomes difficult. The precise limits of the species must l}e laid

down after farther study on richer material.

7. AcETABULAiiiA CARAiBicA, Ktitz. Tab. Phyc. vi. 1851), t. 93.

Disc mostly flat, slightly calcified, often almost without lime, terminah Rays fairly

numerous, 34i-40, in the larger forms 50-GO, firmly united ; apex depressed in the middle,,

somewhat sunk, with a small apiculum, sometimes not distinct. Corona superior and

inferior as in^. crenulata, the former with two hair-scars, one behind tlie otlier, on each

segment.

Size : diam. of disc 6 mm. ; breadth of corona superior 015 mm. ; spore diam. 0*1 mm.
(Plate I. tig. 10.)

Mab. Guadeloupe : coll. Duchassaing (Hb.Gotting. Berl.) ; Maze & Schramm, no. 1317

(Pointe-a-Pitre) ; Herb. Tliuret, Berl. Strasb. This number is a form approaching

A. crenulata ; Moule, " sur des pierres detachees au fond du port," 27(3, Hb. Thuret.

As already stated in the description of A. crenulata, this species is very nearly related

to it, but is generally to be distinguished by the terminal, flat, and slightly calcified cap,

and the unusual form of the points of the rays. Especially if it bear several caps above

each other {^A. caraihica, )3 cali/culata, Kiitz.) it is to be regarded with caution. As a

matter of fact, one often finds in herbaria, under the latter name, typical specimens of

A. crenulata. On the other hand, it may resemble the following form very much if the

apiculum disappears ; indeed Agardh has united them, as appears from his diagnosis ; how-

ever, they are to be distinguished by the number and position of the coronal segments.

y8. Sporangial rays blunt, more or less scolloped at the margin, apiculum absent.

I. Segments of the corona superior with about four hair-insertions ; rays united by the

calcification of the side-walls, but completely separate after treatment with acid.

8. AcETABULAKiA Stjhrii, n. sp. Gracilis, disco subinfundibulifornii. Disci radii

obtusi vel cmarginato-prsemorsi. Processus coronas superioris pilis quaternis uni-

radiatis obssesi. Syn. A. caraibica, Ag. ex parte.

Belongs to the smaller forms (total height li-3 cm.). Stalk stiff, strongly calcified,

bearing a single, terminal, infundibuliform disc, slightly calcified, and that principally

in the side-walls. Sporangial rays in moderate number (25-30), with blunt margin,

as if bitten off and more or less deeply scolloped. Segments of the corona inferior of

somewhat rectangular outline, externally slightly emarginate, those of the corona superior

separated from each other by distinct interspaces, irregularly elongate, externally as a

rule somewhat deeply scolloped, with 3-1 (mostly 1) hair-scars, of which the outermost

may be thrust aside.

Size: diam. of cap G-7 mm.; breadth of corona superior O'OO mm. (Plate I. figs. 9, 13.)

SECOND SERIES.—BOTANY, VOL. V. ^
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Rab. Shores of St. Thomas (Antilles) : Herb. BeroL, ex herb. Mertens et Sulir. 1

have seen in the Vienna Museum a plant from Jamaica, Priedrichstbal, with only three

oblique hair-scars.

This plant, nearly allied to A, caralblca, is clearly distinguished by the shape

of the apices of the sporangial rays and by the greater number of scars on the

coronal segments found on all the specimens I was able to examine. Though

A. crennlata and A. caraihica exhibit in the decalcified state a separation of the

individual rays up to the base, this is here more markedly the case, Suhr appears to have

observed this, since he has actually determined one of his specimens as '' Poh/ph/sa."

I have seen in the British Museum a plant from Ceylon very like A. Suhrii, at most

differing only slightly in shape and in a greater arching out of the upper corona

segments. It was collected by H. Trimen on shallow sandy places on 7th February,

1890, at Nakativanturai, near Jaffna, and noted by him as equal to 153 of the Ferguson

collection. Owing to the scanty material, a more definite determination of its relationship

is not possible.

II. Segments of the corona superior witli two hair- insertions. Kays even in the

living state separate and free.

9. AcETABTiLAEiA Calyculus, Quoy et Gaimard, in Freycinet, Toy. * Uranie ' et ' Physi-

cienne,' Zool. t. 90. figs. 6, 7.—Harv. Phyc. Austr. vol. i. pi. 21.

Of intermediate size, with a delicate terminal cap on a longish stalk ; stalk with spindle-

shaped sw^ellings bearing hair-scars. Disc delicately basin-shaped in consequence of the

curving upwards of all the rays, w^hich are not very numerous (22-25). These are scarcely

if at all calcified, and separate and free from each other to the lowest basal portion, bearing

the coronal segments, and each springing from a small protuberance of the central area

;

sporangial rays closed towards the basal portion, compressed from the tip downwards,

deeply emarginate, scolloped ; segments of both coronse free, remote from each other,

blunt, those of the upper externally almost triangular, with two hair-insertions one

behind the other, or sometimes three, when they are triangular in arrangement with the

point directed inwards. Spores globular.

Size : diam. of cap about 4 mm. ; breadth of corona superior 0*11 mm. (Plate III.

figs. 6, 7, 8, 10.)

Mah. Australia: Bale des Chiens marins. West Austr. (Qtioy et Gaimard); Owen's
Anchorage, Fremantle, West Austr. {Clifton Me Sarvey, Hb. Dubl.); Fremantle, Bower-
bank coll. Br. Mus. (specimina in spiritu vini cons.) ; Deception Bay, Queensland, coll.

Th. L. Bancroft (Askenasy).

The original specimens of this species appear to be no longer in the Paris Museum ;

I have not seen the Harveyan originals, but the specimens in the British Museum from
the same locality, which I examined, corresponded so exactly to his description and
figure that all doubt of their identity may be excluded. Harvey's plate renders the
habit of the plant most strikingly. At the first sight of the spirit-specimens in the British

Museum I took them to be Polyphysa Cliftoni, Harv., on account of the entirely free rays

of the cap, and was accordingly much astonished when I recognized the corona inferior
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and with it the character of Acetahuloides. I was then inclined to form from tliis species

a peculiar grouj), Polyphysoides, but was soon able to convince myself that as regards

the union of the rays all possible degrees were represented in the Acetahuloides scries,

so that A. Calycidus was merely an extreme case. The well-preserved specimens of

A. Calyculus permitted me to ascertain the distribution of the hair-tufts on the corona

superior. Each segment of the corona bears such a tuft almost regularly, and it arises

from the inner insertion, while the outer produces only a blunt, unicellular, hair-like knob.

We may here consider a doubtful Acetabularia^ very hard to elucidate owing to the

dearth of material, which Harvey collected in the lagoon of Tongatabu (Friendly Islands)

and distributed as no. 18 in his ' Eriendly Island Algae.' I saw it in the London

collections and iii Hb. Thuret. Although its rays are connected they show a certain

independence, and in its habit the form approaclies our plant. However, it is possible

to believe that it is another member of the series of forms of A. caraibica so exceedingly

difficult to define.

10. AcETABULARiA Parlowii, n. sp. Minor, brevipedunculata. Disci radii soluti,

ilexuosi, apice obtusi, emarginati. Coronte superioris processus pilis binis uni-

radiatis praediti.

A very small and apparently short-stalked j)lant with white calcified stalk, and

completely free rays of cap curved upwards, and in ripe specimens appearing entangled

with each other; sporangial rays, about 30, slightly compressed towards the blunt

emarginate points ; corona inferior and superior more closely adpresscd than in

A. Calycuius ; both with segments somewhat broadened externally and usually faintly

emarginate, those of the corona superior with two scars, one behind the other ; spores

large and round.

Size : diam. of cap 6-7 mm. ; breadth of corona superior 0'15 mm. (Plate III. fig. 1.)

Hah. Southern point of Florida, Key West {Farlow in Hb. Thuret).

Unfortunately I have seen only three broken-ofl" specimens of this peculiar species^

and they wanted the lower end of the stalk, that were sent by Farlow to Thuret. From

the structure of the corona it is nearer^, caraibica than A. Calycuius, with which it has,

however, in common the completely free rays. It is to be hoped that this remarkable

plant will be found again soon.

Section III. Polyphysa.

Rays of the cap completely free, inserted on small projections of the central portion,

at most united by lime-incrustations ; corona inferior absent, superior composed of free

knobs bearing hair-tufts.

A. Rays of the disc completely free, quite uncalcified, or with a very slight

lime-incrustation, evenly disposed.

11. ACETABULARIA PeNICULUS.

Plant long-stalked, disc with few rays (8-12), single rays completely free, with

narrow basal portion convex below and bearing the button-shaped coronal process above.

Sporangial ray inserted on the basal portion with a constricted base and closed against

it, vesicular, about twice as long as broad, not at all compressed, with blunt, rounded

E 2
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apex, and very slight, evenly disposed calcification ; hair-scars on the top of the coronal

process mostly in pairs and obliquely placed, seldom in threes forming a triangle

pointing inwards. Spores globnlar.

Size : diam. of cap 5-7 mm. ; breadth of coronal process measured radially 0-11 mm.

(Plate II. figs. 2, 6, 7.)

Fitcus Peniculiis, R. Br. in Turn. Hist. I'uc. iv. p. 77, t. "l^^.—PolypJiysa aspergillosa,

Lamour., Polypiers flexibles, p. 252, t. viii. f. 2 ; Expos, moth. p. 20, t. 69. figs. 2-6.

Sab. Australia : King George's Sound {B. Brown ; Sar^eij, no. 565, in mult, coll.) :

Swan Eiver? {Bntmmond, Hb. Kew); Port Phillip (Harvey, Hb. Berol. Strassb.).

Var. 3. Cliftoxi. {Polyphysa Cliftoni, Harv. Phyc. Austr. vol. v. tab. cclv.)

Sporangial rays 10-16, not calcified at all, narrow, club-shaped, not vesicularly inflated,

3-4 times as long as broad. Hair-scars mostly three on the coronal processes.

Size : diam. of cap 10 mm.
Hab. Premantle, West Australia [Clifton, Hb. Trin. Coll. DubL, spec. orig. ; Hb.

Brit. Mus.).

I am convinced, from the examination of the original specimen kindly sent to me, that

no sharp distinction can be drawn between this form and the usual A. Peniculus. Its

characters are found here and there in specimens of the typical form, in patches of

which single caps exhibit the habit of Bolyphysa Cliftoni. jS'ow the pairs and now the

triple hair-scars prevail for each coronal segment; but precisely on the specimens

collected by Clifton, which agree more than any others with the original of P. Cliftoni in

appearance, I find usually only pairs of hair-insertions.
,

12. AcETABrLARiA ExiGUA, n. sp. Minimc brevipedunculata. Disci radii pauci soluti,

elongato-ovati, obtusi, sursum curvati. Coronse superioris processus rotundato-

convexi, pilis ternis in triangulum dispositis prsediti.

Small, 5-6 mm. high, short-stalked and immersed in the coral substratum ; disc formed

of few rays, 6-10, with basal portion constricted on both sides, bearing the knob-shaped

roundish coronal segment with three hair-scars ; sporangial rays seated on basal portion

and communicating with it, cucumber-shaped, curved upwards with long drawn-out

points.

Size : diam. of cap 2*25 mm. ; breadth of coronal processes measured radially

0-046 mm. (Plate 11. figs. 1, 4.)

Sah. Tropical Eastern Asia, Macassar, Celebes : a few sterile specimens sent me,

sub 926, by Mrs. Weber van Bosse ; Sikka, on the south coast of Elores, no. 1199
{Mrs. Weber van Bosse). The latter specimens, w^hich were fertile, were obtained from
a piece of coral on which Neomeris dumetosa was growing, after its decalcification.

I am unable to say anything more definite as to the calcification of the sporan^-ial

membranes of this species, than that the few sterile specimens from Macassar were
uncalcified. The others came under my observation only after lengthened treatment
with acid. However, their sporangial rays are so widely separated from each other that

a union of these by meaus of lime-incrustation is scarcely likely. On this account the

plant finds its right place here. It is distinguished with the greatest ease from
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A. Penicuhis by the quite aberrant form of its sporangial rays. I was able to study the

disposition of the liair-tufts in a youni^ sterile specimen, thanks to its having been

preserved in spirits. On each coronal segment one of these is produced, which springs

from one of the two outer insertions. The other two hair-processes are stunted and

appear as simple unicellular knobs.

B. Rays of tlie disc united by strong calcification of tlic side-walls.

(i. Coronal segments roundish knobs with three hair-insertions.

13. AcETABULAiiiA PAiivuLA, n. sp. Minima, brevipedunculata, disco piano rotate.

Radii ad septa tanturn incrustati, inde subcohserentes, vesiculiformes, clavati, obtusi,

apiculo perpusillo instructi. Coronse superioris processus subtriangulari-rotundati,

pilis ternis ad angulos dispositis instructi.

Small, short-stalked, with a terminal, flat expanded, wheel-like disc; mys few in

number (about 16), very little calcified on upper and under sides, but strongly on the side-

walls and thereby connected ; lime layers between the rays at the outer margin

projecting in the form of emarginate buttons. Sporangial rays thick, vesicular, clavate,

obtusely rounded, with minute apiculum, seated on a basal portion constricted on both

sides, which bears the knob-shaped coronal process with the three roundish triangular

hair-scars.

Size : diam. of cap 2-12 mm. ; breadth of coronal process measured radially 0'042 mm.

(Plate II. figs. 3, 5.)

Sab. Tropical India; collected at Macassar (Celebes) witli A. dentata by Mrs. Weber

van Bosse.

/S. Upper surface of coronal segments radially elongated, and with an elliptical

group of numerous hair-insertions.

14. AcETABULARiA POLTPHYSOIDES, Crouan, in Maze et Schramm, Essai de Classification

des Algues de la Guadeloupe, 2nd ed. p. 84. Minime brevipedunculata, disco rotate

parce incrustato. Radii pauci, vesiculosi, obtuso-rotundati, subliberi. Coronae

superioris processus pilorum octonorum vel novenorum seriem verticem ellipticum

circumdantem gerentes.

Diminutive plants with short stalk and circular expanded disc, and the side-walls

slightly calcified. Sporangial rays few in number (12-15), seated on the small constricted

basal portion, vesicular and swollen, obtuse and rounded, with rudimentary or absent

apiculum. Segments of the corona knob-shaped, radially elongated upwards, with

oval, apical surface, on which there are 8-9 hair-insertions, forming an elliptical figure.

Hair-tufts short and copiously branched.

Size : radius of the disc 1-75 mm. ; breadth of the coronal knobs measured radially

0-15 mm. (Plate IV. figs. 2, G.)

Bah. Guadeloupe, Pointe-a-Pitre. (" I16t a Cochons, sous la batterie O ; nicli' a des

Centroceras en tapis sur des roches ensablees qui ne restent a decouvert qu'aux plus l)assos

marees. Vert brillant a I'etat de vie. En Eevrier 1861 tres rare."

—

3Iaze, ser. i. no. 223.)

Specimen in British Museum, Hb. Thuret.
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Prom the numerous hair-insertions there arise mostly clavate hair-knobs ; only the

middle ones appear to bear fully developed hair-tufts, which are very dense, but are

remarkable for their smallness and shortness.

7. Coronal segments knob-shaped^ with ronndish upper surface and a circular

group of numerous hair-scars.

15. AcETABrLAETA MoBii, n. sp. Minima, brevipedunculata. Disci radii vesiculares,

rotundato-obtusi, breves, septis tantum incrastatis. Coronse superioris processus

pilorum quinorum circiter seriem gerentes, verticem circularem circumdantem.

Diminutive, short-stalked plant, with rugose stalk showing several diaphyses ; disc

terminal, with about 15 rays, rarely two above each other, and in such case without

any intervening hair-tufts ; sporangial rays inflated, arising from a basal portion

constricted on both sides, twice as long as broad, with obtuse rounded ends ; outer walls

of the rays not calcified, lateral walls united by strong calcification with nodular

emergences at the margin ; coronal knobs with roundish apex bearing a circle of about

five hair-insertions ; hair-tufts copiously branched, dense, but very short.

Size : length of disc-rays 1*37-1'62 mm. ; breadth of coronal knobs radially measured

0-09 mm. (Hate IV. fig. 1.)

Sab. On coral reefs, Mauritius {Mobius ; Pike, no. 168, lib. Kew, Hb. Brit. Mus.).

This plant is nearly allied to the East Indian A. parvula, with which it completely

agrees in the mode of calcification and in habit, but is distinguished by the numerous
hair-scars of the coronal knobs forming a circular group. Mobius collected only one

plant and preserved it in spirits. It bore two caps above each other, which I have

not seen in the few specimens of Colonel Pike. It bore farther, on the hair-insertions,

very thick-walled short hair-rudiments, while on Pike's specimens only the hair-scars

were to be recognized, and these were very delicate. Whether there may be other

differences, farther investigation on the spot must decide.

II. IIALICORYNE, Harv.

Clavis analytica Specierum.

1, Rami sporangiales patentes vel defiexi ; sporae liberse 1. ff^ Wriqhtii.

2. Rami sporangiales suberecti
; sporse in massam irregularem conglutinatfe 2. H. spicata.

The upright axis clothed with alternate differently formed whorls of branches, of

which the one consists of few branches—8—longish, tufted, branched hairs, the other

of mostly 16 branches, simple, longish ovate, pointed, almost pod-shaped vesicles, slio-htly

curved inwards above and completely free and fructifying in the adult plant. These
fertile branches, on the fructifying plant, inclined towards each other upwards and
separated from the small vestibule only by a basal partition-wall, bearing on the upper
side, not far from the base, a small protuberance which is furnished with one or two
diminutive, rudimentary hairs, reduced to an oval cellule. In the fertile state the upper
part of the vesicle is cut off by a thick partition-wall from the cylindrical basal portion

immediately in front of this hair-decked protuberance. In this so separated sporangial
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ray a small number of spores are formed, distinguished hy their very strongly calcified

membranes; spore-membrane stratified, with a definite lid ; calcification of the axis only

in the outer layers, forming irregular warty flakes consisting exclusively of carbonate

of lime ; the pod-shaped sporaugial rays are also covered externally with a thin areolated

incrustation of lime.

Whether repeated diaphysis occurs in this genus as in other calcified Dasj/cladacecc I

cannot definitely say, since I have been unable to obtain the very young plants on \\ hich

alone this could be determined. As soon as the plant once fructifies, it appears then to

have reached the end of its development. On a specimen of //. spicata examined with

this view an active grooving point was no longer present, and above the last fertile

whorl, which, like the next, contained small spores, the axis ended in a flat surface with

thickish walls. In the copiously branched basal portion there was no protoplasm to be

found to indicate the probability of a new shoot.

1. Halicortne Wrightii, Harv. in Proc. Amer. Acad. iv. p. 333 (1859). Verticilli

steriles horizontales, deraum deflexi. Radii fertiles sporas liberas continentes,

membrana crasse incrustata instructas.

Sporangial rays of the young plant extended at right angles, ultimately drooping

backwards along the axis. Sporangia and spores somewhat large, the latter globular,

fairly numerous, with very strongly calcified membranes, completely free and in no way

united or adhering.

Size : mature plant 3-4 cm. high ; length of disc-ray with basal portion 2*2 mm. ; of

the basal portion 0'18 mm. ; spore diam. 0'18-0-22 mm., of which the thickness of

the membrane is 0-02-0*03 mm. ; breadth of lid Oil mm. (Plate IV. figs. 4, 5, 8, 10.)

Kah. On the Loo-choo Islands, first collected in 1856 by the Prench naval officer

Thomas (ins. Nawa), Hb. Thuret ; in the same place by Wright on the muddy shore

(Hb. U.S. North Pacific Explor. Exped. no. 13), and described from these specimens by

Harvey, Hb. Thuret. At Mactan, Philippines, May 1876, by Moseley (* Challenger
*

Exped., Hb. Brit. Mus., Hb. Kew.).

All the specimens of Wright examined by me, and also those of the * Challenger ' Ex-

pedition, are young and sterile, and I was able to study the fruits only on those collected

by Thomas. Agardh appears, however, to have obtained fertile specimens from Wright's

material. His statements are on the whole correct ; he found the small hair-protuberances

on the sporangial rays as well as the traces of the alternating hair-whorls. The

calcification of the spore-membrane has escaped his notice.

2. Halicoryne SPICATA, Kiitz. Verticilli steriles sursum convergentes. Radiorum ferti-

lium sporse in massulam irregularem conglobatge, membranis incrustatis instructs?.

Sterile sporangial rays of the young plant, erect, converging, the fully gro\^Ti ones not

much more than half the length of those of the preceding species; spores few in

number and cohering in a mass not quite filling the ray, irregularly polygonal, with

strongly calcified membranes.

Size : length of the disc-ray with basal portion 1*37 mm, ; spore diam, Olo mm.

;

thickness of spore-membrane 0022 mm. (Plate IV. figs. 3, 7, 9, 11.)
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Polyphysa sjncata, Kiitz. Tab. Phyc. vol. xvi. t. i. fig. 2 {im6).—Pleio2jhi/sa spicata,

Sond. in E. v. Mueller's fragment. Phytogr. Austr. Suppl. (solum iiomen).

Hah. On the shores of New Caledonia, mouth of the Elver Massioncoue [Balansa,

no. 2640), lib. Thuret ; on madrepores at Ina, 1863 {Vieillard, N. Cal. no. 1961, Hb.

Thuret, Berlin ; Vieillard, N. Cal. no. 13 in Hb. Brit. Mus.).

This species is very similar to the other, but is to be distinguished by the smaller

number and the cohering of its calcified spores, which appear in a fresh state like a small

fi-agment of lime of irregularly rounded form. The young plant also has a somewhat

different habit, but I have seen it only in a few individuals {Vieillard, 1901).

III. CHALMASIA, nov. gen.

Piscus fertilis terminalis e radiis liberis incrustatione tantum coalitis formatus. Corona

inferior nulla ; sporse liberse membrana crassa valde incrustata insignes.

Pertile cap terminal, composed of free, wedge-shaped rays, united only by the calcifi-

cation ; corona inferior wanting ; segments of the corona superior not touching each

other laterally, knob-shaped, and not sharply delimited towards the base ; spores free, with

thick, much calcified membrane, and coarse cuticularized outer layer.

1. Chalmasia aktillana, sp. unica, char. gen.

Cap infundibidiform, rays free, 26-32, with cylindrical basal portion which bears the

coronal prominences in the form of an elevated ridge : this has the hair-scars either

a pair obliquely or three in a triangle on the laterally compressed point. Sporangium

covered externally all round with thin, irregularly outlined, easily detachable flakes of

incrustation, vesicular and inflated, cut off at the outer margin, with an obtuse bulging

projection : spores filling the whole sporangium, approximately globular, chalk-white

from the strong calcification of the membrane.

Size: diam. of cap about 6 mm. ; breadth of corona 0*18 mm. ; spore diam. (measured

after decalcification) 0-15 mm. (Plate III. figs. 2, 3, 5.)

Kah. "West Indies {Agassiz !). (Hb. Thuret, misit Farloic.)

The few specimens of this very remarkable plant unfortunately lack precise

localization*. They are besides very imperfect, and consist merely of completely ripe,

torn -off fertile whorls, to which is attached a longer or shorter stalk. Its habit is that of

Acetabuloides—indeed they were called A. crenulata. In the absence of the corona

inferior they agree Avith Polyphysa, but in spore-structure completely with Rallcoryne.

On account of the general structure of the fertile shoot, however, the plant cannot well

be placed in the latter genus.

IV. ACICULAEIA, H'Archiac, in Mem. de la Soc. geol. de

Prance, vol. v. pt. 2 (1813).

Discus fertilis terminalis e radiis inter se conjimctis formatus, coronis et inferiore et

superiore prteditis, sporse massa mucosa calce incrustata coalita), pro radio spiculam
solidam cuneatam formantes.

* Farlow writes to me that lie received them from Comte Pourtales, who accompanied Agassiz on one of his expe-
ditions, and could only obtain this information with them,—that they were dredged south of the coast of Florida.
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Clavts Specierum.

a. Forma unica viva 1 . A. Schenckii,

b. Formse fossiles.

1. Disci fragmenta scptis crassissimis cavitatis sporarum subtus et supra

biseriatae 2. A. Andrussowi.

2. Spicule sporigera^ tantnm rota? aciculares.

a. Spicula extus rotundato convexa 3. A. viioccnica.

y9. Spicula extus profunde emarginata... 4. A. pavantina.

Fertile whorl terminal, consisting of wedge-shaped rays united laterally with each

other ; corona inferior and superior developed, approximately of the same shape ; spores

adhering in a cluster from the strong calcification of the outer memhranes and filling the

whole sporangial ray, through the upper surface of which the spores appear. The c^ilci-

fied suhstance is a homogeneous slime, in which, after decalcification, no trace can he

demonstrated of a cuticuloid layer. In the cavities of this slime-mass are situated the

easily detachable spores enclosed within a thin, sharply-contoured membrane with a lid.

a. Living Forms.

1. AcicuLARiA Schenckii, Solms. Unica species adhuc viva, char. gen.

Stalk thin-walled, somewhat stout as if inflated, flabby, witb scars of hair-whorls and

terminal fertile disc flat or infundibuliform ; rays 30-50, foirly closely united, wedge-

shaped, as if cut off straight at the margin, with sharp, somewhat projecting angles, and

seated on well-developed vestibules ; segments of the corona superior crowded together,

deeply scolloped externally, irregularly Inlobed, and with much thickened membrane,

bearing two hair-scars, one behind the other ; corona inferior of the same shape ; the

lime-spiculae enclosing the spores obtusely quadrangular in section, pointed inwards,

enlarged outwards, and ending in an obtuse arch, on all sides revealing the spores

;

incrustation distinctly composed of the lime-layers of the spores, so that each spore-

cavity appears to be surrounded by its peculiar ring of lime ; tliese rings united with

each other at the surfaces of contact, and, between them, here and there in the angles,

gusset-shaped cavities.

Size: diam. of the disc about 6 mm.; breadth of corona 0'13 mm.; spore diam.

0-06 mm. (Plate III. figs. 4, 9, 11, 12, 14, 15.)

Acetabiilaria Schenckii, Mobius in ' Hedwigia,' vol. xxviii. 1889, p. 318.

Mab. Martinique (misit Ze/w?rmcf;^c?, Herb. Berol.) ; Guadeloupe ( F«»»>r i^omarf/, I860,.

Herb. Thuret) ; Brazil, Cabo Frio, Prov. Rio de Janeiro. In shallow lagoons. May 1887

(H. Schenck, Hb. Schenck). Goebel has recently collected magnificent specimens at

Cura9ao (Mus. Bot. Monac).
The specimens I have seen of this interesting species agree in the main in all respects.

The specimens from Martinique are distinguished by the great delicacy and fragility

of the sporangium-walls, not noticciible to the same degree in the otlicrs. This may have

arisen from their being collected when over-ripe and beginning to decay, so tliat it was

difficult to obtain for examination a cap that continued to hold together. Frai;inents of

such, and especially beautiful, intact lime-spiculae, are to be found ahundantly inthe mass

SECOND SERIES.—BOTANY, VOL. V.
*"
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of mud, small sea-stars, and remains of algge forming the dried specimen. Schenck's

specimens from Cabo Erio in Brazil are, on the other hand, well preserved, and are found

on mussel- and snail-shells. If Mobius did not observe the spicula? and took the plant

merely for an Acetahularia, it was probably because he examined it only after

decalcification.

b. Forms known only in a fossil state.

Of these only the lime-spiculse with the spores Averc known for a long time. These,

however, are sometimes several together, when also the remains of the partition-walls of

the cliambers are preserved. But quite recently a form belonging here or to Chalmasia

with complete caps and fragments was found by Andrussow and described by him as

Acetahularia miocenica. In placing it in the genus Acicularia it cannot retain this

specific name, since an Acicularia miocenica, Reuss, exists already. It may therefore be

called Acicularia Andrussoivi. The spores have vanished in all cases from the spiculse of

the fossil Acictilarics, and cavities usually opening outwards mark their places. These

holes are either equally distributed all round the spiculae or they are present only on the

upper and under surfaces. The species of the former kind are equivalent to d'Arcliiac's

genus Acicidaria, those of the latter to the genus Briardina^ Mun.-Chalm., as kindly com-

municated to me in writing by Munier-Chalmas. I am doubtful whether it be expedient

to separate both groups generically on so slight a distinction. Prom the fragments I have

seen and Carpenter's figures I perceive that Acicularia contains a large number of fossil

species, and among them some of those treated of by Carpenter fall imder the type

B?nardina (compare his plate 29. fig. 11). I must refrain from a description of these,

owing to the scarcity of material at my command. It is to be hoped that Munier-

Chalmas himself will deal with them at no distant date. Only those species can be

mentioned here that have obtained a place in the literature of the subject, and it must
be expressly stated that their position in the genus Aciculai^ia, as understood here,

is by no means certainly determined. The mere spiculse of Halicoryne of the type of

K. spicata would be, w^ere they fossil, indistinguishable from those of a true Acicularia,

though they come from a plant of wholly difl'erent structure, and from the constitution

of both the species of Halicoryne it appears not to be impossible that at an earlier period

there may have existed also ChalmasicB with clustered spores, which in that case would
come under the parent genus Acicularia.

2. Acicularia Andrussowi, Solms.

Fertile discs circular, flattened, with up to 90 peripheral, very narrow ray-chambers
with obtuse ends. The partition-walls dividing the chambers extraordinarily thick,

sometimes as broad as the chambers themselves, sometimes a little less. Spore- cavities

in two rows on both the upper and under sides of the spicula, filling the chambers. Corona
superior and inferior, according to Andrussow, in the form of flat bands. (Plate III. fig. 13.)

Acetahularia miocenica, Andr. In the Miocene (2nd Mediterranean bed) of the Crimea,
singly in the Tschokkrak lime of the peninsula of Kertch, rock-forming in white lime with
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Ostrea digltalina, Pectetf Gloria-marls^ Bryozoa and Serpul;x> in the ravine of Karanj, not

far from the Monastery of St. George, south of Sebastopol.

3. AcicuLARiA MiocENiCA, Heuss, in Sitzber. d. k. Akad. d. Wissenscli., Math.-nai. CI.

Bd. xliii. Abth. 1 (1861), p. 7, figs. 5-8 d.

Spicula wedge-shaped, obtusely round at outer margin, pressed flat, consisting of two

layers of roundish spore-cavities ; spore-cavities on the two sides almost wliolly wanting,

surrounded hy a circular wall.

In the Miocene beds of the district of Vienna (Nussdorf), in the Transylvanian Tegel

at Lapugy, in the Salzthon [Permian] of Wieliczka, abundantly in the Leitliakalk of

Kostel in Moravia.

Tliis species is extremely like the recent A. Schenckii, but may be sufficiently distin-

guished from it by the more flatly compressed spicuhe and the almost total absence of

the open spore-cavities on sides of the partition-walls.

4. AcicuLARiA PAVANTINA, d'Archiac, Description geologiquc du Departement de

I'Aisne, Mem. de la Soc. geol. de Erance, vol. v. pt. ii. 1843, p. 386, t. 25. tig. 8.

Spicula wedge-shaped, deeply emarginate in two lo])es at the outer edge, of round or

oval section : spore-cavities narrowing wedge-fashion towards the centre, opening out-

wards equally all round witliout a wall-like border.

Michelin, Iconogr. zoophytologique, p. 176, t, 46. fig. 11 ; Reuss, loc. cit. figs. 1-4.

Ovulites JPavantina, d'Orbigny, Prodr. de Paleont. stratigraphique, ii. p. 405, no. 1292

;

Pictet, Traite de Pal. edit. ii. vol. iv. p. 48 1; Bronn, Letha?a geognostica, ed. iii.

vol. iii. p. 259.

In the Eocene of tlie Paris basin; Grobkalk [Middle Eocene] of Pisseloupe at Pnvant,

Etrechy at Etampes.

In the characters described this species departs from tlie recent species much more

than^. miocenica. With reference to the peculiar pointed converging form of the spore-

cavities I am unable to express an opinion, since I have seen only one complete spicula.

in the possession of Prof. Steinmann, of Freiburg, and I have not seen cross fractures.
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EXPLANATION OP THE PLATES.

Plate I.

Fig. 1 . Acetabularia crenulata, Lamour, The fertile shoot with several caps cut in half vertically ; on

the corona of the highest the branched hairs still remain. Between each two caps there is a

whorl of scars which had borne a sterile crown of hairs. Slightly magnified.

2. Ditto. Apical view of the corona superior, with two liair-scars, one behind the other, on each

portion, x

.

3. Ditto. Longitudinal section of a ray of the cap, showing the vestibule and the prominences of the

coronae superior and inferior, the former provided with hair outgrowths : a, the central portion

of the disc : b, the sporangium, x .

4. Acetabularia mediterranea, Lamour. Longitudinal section of a cap during development. At a

the globular^ raised apex of the shoot ; at v the vestibule, of which the partition-wall towards

the ray has been formed ; at b the portion of the corona superior with developing hairs, below

which, and without doubt laterally, the sporangium c begins to shoot out. X

.

5. Ditto. Longit. section through a ray of an almost mature cap, showing vestibule, coronae

superior and inferior : a, the central portion of the disc ; b, the sporangium. X .

6. Acetabularia Kilneri, Agardh. Side view of two cap-rays, showing the peculiar thickenings

characteristic of the species, x .

7. Acetabularia mediterranea, Lamour. Longit. section of young cap during development of sporan-

gium. This {a) has already pressed the apex and the portion of the corona superior into a lateral

position ; b, the corona superior ; c, the central portion of the disc, x .

8. Ditto. Longit. section of a very young cap which scarcely shows the differentiation of corona

and sporangium. X .

9. Acetabularia Suhrii, Solms. Corona superior from above. x ,

10. Acetabularia caraibica, Kiitz. End of sporangial ray filled with spores, x .

11. Acetabularia dentata, SoIttis. Ends of two cap-rays. X.

12. Acetabularia mediterranea, Lamour. External view of the cap during development, (From the

same specimen as fig. 8.) X •

13. Acetabularia Suhrii, Solms. Disc seen from below : at a, the vestibule; at b, the corona inferior;

at c, the sporangia.

Plate IL

Fig. 1. Acetabularia exigua, Solms. Side view of a complete decalcified specimen. X.

2. Acetabularia Peniculus, R. Br. Longit. section of a specimen with two caps, one above the other

;

of which the lower one is anomalous in producing on its branches secondary caps of more or

less completeness ; a represents their sporangia, x .

3. Acetabularia parvula, Solms. View of the corona superior from above, x

.

4. Acetabularia exigua, Solms. View of the cap from above. Only the bases are drawn of tlie

sporangia and of the hairs in the coronal prominences, x .

5. Acetabularia parvula, Solras. Cap seen from above, showing the abundant calcification of the

partitions between the rays. X •
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6. Acetabidaria Peniculus, R. Br. Longit. section of a ray : b, the vestibule ; c, the central portion

of the disc ; d, the coronal process with one of the two transversely placed hair-scars
;

a, the

sporangium. X

.

7. Ditto. A cap-ray seen from above ; lettering as in fig. 6. X .

Plate III.

fig. I. Acetabtdaiia Farlowii, Solms. View of the fertile cap. X. '

2. Chalmasia avtiUana, Solms. View of the corona superior from above. x .

3. Ditto. View of the cap. X .

4. Acicularia Schenckii, Mobius. View of the corona inferior from lower side of cap ; at a transverse

section of the stalk. X .

5. Chalmasia antiUana, Solms. A cap-ray in profile : a, the cut-off sporangium ; b, the coronal

prominences ; c, the central portion of the disc. X .

6. Acetabufaria Calyculns, Quoy et Gaimard. Profile view of cap-ray full of spores : a, the sporan-

gium; b, the corona superior; c, the corona inferior ; d, longit. section of wall of stalk. x .

7. Ditto. View of corona superior from above, x .

8. Acetabularia ex'igua, Solms. Emptied gametangia, showing the lid apart, x .

9. Acicularia Schenckii. Fragments of spore bearing lime-spicula : in several spores the lid is visible

as a circular line, x .

10. Acetabularia Calycuius, Quoy et Gaim. Part of cap from below, showing the corona inferior. X .

11. Acicularia Scliencliiiyyi^o^\Vi'&. Profile view of cap-ray. x.

12. Ditto. View from above of corona superior, x .

13. Acicularia Andrussowii, Solms. Surface view of the marginal portion of a fertile cap ; in each

chamber a lime-spicula with two rows of spore-cavities, x .

14. Acicularia Schenckii, Mobius. View of group of plants growing on a shell—brought from Brazil

by Schenck.

15. Ditto. Uninjured lime-spicula from the cap-ray, with its spore-cavities, x .

Plate IV.

Fig. 1. Acetabularia Mobii, Solms. Longit. section of a specimen with two superposed caps. From a spirit-

. specimen collected by Mobius at Mauritius, x .

2. Acetabularia polyphysoides, Crouan. Side view of the corona superior, x .

3. Halicoryne spicata, Kiitz. Chalk-spicula containing spores taken out of sporangium. x .

4. Halicoryne Wrightii, Harv. Profile view of the fertile whorl : a, the sporangium ; b, the coronal
prominences ; c, the basal portion.

5. Ditto. View of the apical region of a young plant from a dried specimen (from Mactan,
Philippines, collected by ' Challenger ' Expedition) in the British Museum. Sterile hair-bearing
and fertile whorls regularly alternating. The hair-whorls situated above are not drawn in so
as to permit the main axis to appear. This terminates in a cupola-Hke apex above the youngest
hair-whorl.

6. Acetabularia polyphysoides, Crouan. J^rofile view of a cap-ray from a dried plant (whence the
collapse of the spo.angium) - aab, corona superior : c, the central portion of the disc. X

.

7. Halicoryne spicata, Kiitz. Single spore after decalcification, showing the thick stratified cell-
meaibrajie and the lid. x .
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8. Halicoryne Wrighiii, Harv. Transverse section of the spore-membrane through the edge of the

lidj after careful decalcification, drawn without a prism and very strongly magnified.

9. Halicoryne apicata, Kiitz, Fragment of a fertile whorl with two complete rays, of whi(;]i one, a,

is seen obliquely from the side, the other, b, from above, x .

10. Halicoryne Wrightii, Harv. Similar view as fig. 4 ; same lettering.

1 1

.

Halicoryne spicata, Kiitz. Basal portion of a ray from a fertile w horl with a hair-rudiment, a,

preserved, marking the position of the coronal prominence, which is not visible.

\_Note to p. 12.—Whilst this paper was passing through the press, I received from

Professor Cramer a memoir on Halicoryne Wrightii [7] in which the facts are correctly

stated, so far as the yet unfruiting plant is concerned. He found solitary dichotomously-

branched hairs on the coronal prominences ; in my specimens these were all uniformly

reduced to small unbranched processes.

—

May 20, 1895.]
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II. A Contribution tS our Knoioledge of the Freshwater Algce of Madagascar. By
William West, F.L.S., and Geoege S. We^, A.B.C.S., Scholar-elect of St, Johns
College, Cambridge.

(Plates V.-IX.)

Eead 1st February, 1894.

jBY the kindness of the Bey. E/. Baron, of Antananarivo, we hare been enabled to examine

a number of gatherings of Algae from that district which he has most obligingly collected

at the request of one of us. The result is very pleasing, as many new and interesting

species have thus been revealed, and considerable additional knowledge of the distribution

of known forms has been attained. The naming of the Diatoms has been left to a future

occasion. The Cosmaria are particularly fine and noteworthy.

It will be noticed that the larger Algae are hardly represented ; this is due to the fact •

that these tentative collections were made chiefly with the view of securing the smaller

forms.

The number after each species corresponds to the particular locality from w^hich it was

obtained. With the exception of one number, we do not at present kno^v the corre-

sponding localities, but hope to give them at some future date (see Note on p. 90) :

No. 36. Mud from the bottom of Lake Alastra (a yard deep).

Summary of Genera, Species, and Varieties.

Varieties and
Forms.Orders. Genera. Species.

Coleochsetacese 1 1

CEdogoniaceae 2 5

Zygnemacese 1 3

Desmidiaceae 12 145 32

Pediastreae 1 "^ I

Sorastrese 2 2

Eremobiae 2 4

Protococcaceae 4 10 9

Uivulariacese 1 1

Scytouemaceae 1 1

Sirosiphoniaceae 1 I

Oscillariaceae 1 I

Chroococcaceae 2 3

Total 31 181 42

SECOND series.—BOTANY, VOL. V.
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Class CONFJSBVOIDEj^ EBTEBOGAMM

Order OOLEOCH^TACE^.

Genus Coleoch^te, Breb.

1. COLEOCHJETE iHTLEGULARis, Pringsh. Jalirb. fiir wissensch. Botan. ii. (1860) t. i. fig. 6,

t. vj. jags. 3-9 ; Babenh. El. Europ. Alg. iii. p. 390.

No. 3.

Order (EDOGONIACE^.

Genus BrLBOCH^TE, Ag. ; Pringsh.

2. BlTLBOCH^TE, Sp.

Crass, cell, veget. 21-23 fx ; altit. l|-2-plo major.

Ko.3.

Genus (Edogonium, Link ; Pringsh.

3. (Edogonium, sp.

Crass, cell, veget. 13*5-15 n ; altit. 7-plo major.

No. 5.

4. (Edogonium, sp.

Crass, cell, veget. ll'5-13-5 n ; altit. 2-3-plo major.

No. 5.

5. (EDOGONirM, sp.

Crass, cell, veget. 7-8-5 n ; altit. 4J-8-plo major

;

„ oogon. 28 ;u; „ 32 it

;

„ oospor. 22 )u ; ., 22 ,x.

Nos. 0, 1, and 10.

6. (Edogonium, sp.

Crass, cell, veget. 2-5-3 n ; altit. 6-8-plo major.

No. 3.No. 3.

Class CONJUGATE.

Order ZYGNEMACE^.

Genus Spirogtra, Link.

7. Spirogyra decimina, Kiitz. Phycolog. Germ. p. 223 ; Tabula Phycolog. v. pi.
hg. 3 et pi. xxiv. fig. 1; Petit, Spirogyra des Environs de Paris, p 25 pi
figs. 1-3. ' ^

xxni.

viii.
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Crass, cell, veget. 38-48 ^ ; longitudo diametro 2-4-plo longior ; long, zygosp. 73-
75^; lat. zygosp. 40-49 fi.

No. 18.

8. Spihogyha, sp.

Cellulse diametro (32-34-5 n) 5-7-plo longiorcs, extrcmitatibus nmiquam replicatis,

fasciis spiralibus 2, anfractibus 6-7.

No. 5.

9. Spikogyra, sp.

Cellulse diametro (13-5 yu) 8-10-plo longiores, extrcmitatibus nunquam replicatis, fasciil

spirali, anfractibus 6.

No. 1.

Order DESMIDIACE^.

Genus Spondylosium, Br6h.

10. Spondylosium papillosum, nov. sp. (PL IX. fig. 19.) S'. fills tortis, sine vagina,

mucosa; cellulae pauUo longiores quam latae, modice constrictae, sinu aperto ct

obtuso ; semicellulaB ellipticEe, apicibus truiicatis, lateribus granulis 3 minutissimis

instructis, a latere yisse subcirculares.

Long. cell.= lat.=9 '5 /x; lat. istbm. 5'5 ^; crass. 5 /*.

No. 3.

This is nearest to Spondylosium tetragofium, West (Freshw. Alg. of W. Ireland, p. 115,

pi. XX. fig. 2), but the cells are much more constricted and have three very minute lateral

granules.

Genus Desmidium, Ag.

11. Desmidium Swartzii, x\g. Syst. Alg. p. 9 ; Ealfs, Brit. Desm. p. Gl, tab. iv.

Var. AMBLYODON, Rabenh. H. Europ. xllg. iii. p. 154.

Long. ceU. 15-5 ^u ; lat. cell. 30 ^ ; lat. isthm. 25 ^. (PL IX. fig. 35.)

No. 0.

Var. QUADRANGULATUM, Roy (Scottish Desmids, 1893). {Desmidium quadrangulatum,

Ralfs, in Annals of Natural History, vol. xv. p. 405, t. 12. fig. 9 ; Erit. Desm.

p. 62, tab. V.)

Lono-. cell. 17-19 fx ; lat. ad bas. semicell. 32-10 /u ; lat. apic. 30-36 /u ; lat. isthm.

26 u. Vl- I^- fig- 3^-)

No. 0.

The specimens observed of this variety had very rounded angles, as in var. amhlyodon,

Uabenh with which it agreed in all characters except the quadrangular vertical view.

g2
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12. Desmiditjm Baileyi, De Bary, Conj. p. 76 ; Nordst. Alg. et Char. i. p. 4. Aptogomim

Balley% Ralfs, Brit. Desm. p. 208, tab. xxxv. fig. 1.)

a. GENTJINA, Nordst. Preshw. Alg. of New Zeal. & Austr. p. 27, tab. ii. figs. 4, 5.

Long. cell. 18-5 lu; lat. 19-24 ^u. (PL IX. fig. 36.)

No. 0.

Tbis is a tetragonal form and approaches var. indicim, W. B. Turn. (Fresbw. Alg. of

E. India, p. 149, tab. xix. fig. 5).

Genns Bocidium, Breb.

13. DociDiTJM Bacultjm, Breb. in Balfs, Brit. Desm. p. 158, tab. xxxiii. fig. 5.

Long. 238 fx ; lat. ad bas. semicell. 10 )u ; lat. med. semicell. 9-5 ^ ; lat. apic 6 ^.

(PI. V. fig. 30.)

Nos. and 1.

14. DociDiTTM MANUBRIUM, nov. sp. (PI. V. fig. 31.) D. modiocre, circiter diametro

13-plo longius ; semicellulae attenuatse, undulis duabus parvis prope basin, granulis

16 in circumferentia baseos (visis 9), lateribns recti s, apicibus truncatis ; membran^

irregnlariter punctata.

Long. 384 /u ; lat. ad bas. semicell. 31 ju ; lat. ad apic. 19 /*.

No. 0.

This species bas the characteristic basal plications present in other members of this

genus, viz. :

—

D. Baculum, Breb., D, dilatatum^ Lund., and D. nohile, Lund.

Genus Pleurot^nium, Nag.

15. PLEUROTiENiUM subcoro:nulatum. (DocicUuM suhcoronulatum, W. B. Turn. Preshw.

Alg. of E. India, p. 29, tab. iii. fig. 1.)

Long. 407-453 ^ ; lat. ad bas. semicell. 29-37 /a ; lat. apic. 25-29 )u. (PL V. fig. 33.)

No. 0.

16. PLEUROTIENIUM LiGATUM, nov. sp. (PL V. fig. 42.) P. maguum, diametro circiter

14-plo longius, in medio modice constrictum (lat. constrict. 33 fi) ; semicellulse sine

inflatione basali, lateribus parallelis apices versus subattenuatse et constrictse,

apicibus truncatis, tuberculis oblongo-ellii^ticis parvis 34 (visis 18) instructis;

membrana irregulariter et minute punctatli.

Long. 614 ^ ; lat. ad med. semicell. 44 ^ ; lat. juxta apicem 32 fi.

No. 0.

17. Pleurot^nium moniliferum, nov. sp. (PL V. fig. 32.) P. magnum, diametro
circiter 15-plo longius; semicellulge levissime attenuatae, sine inflatione basali,
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lateribus rectis, apicibus triincatis, leyitcr expansis, tuberculis spha^ricis 26 (visis 11)
mstructis ; membrana punctata.

Long. 645 ^i
; lat. ad bas. semicell. 45 /n ; lat juxta apic 41 «

No. 0.

This species differs from Fleurot(enmm orientate [=2)ocidium orientale, \V. JJ. Turn.
1. c. p. 31, tab. iv. fig. 1] in wanting the basal inflation, in its straight sides, and
in the fewer apical tubercles.

18. Pleurot^nitjm PAEALLELUM, nov. sp. (PI. Y. fig. 3 k) P. magnum, diametro circiter

18-plo longius
; semicellulEe inflatione basali, supra partem basaleni Icvissime uni-

undulat«, lateribus rectis et parallelis, apicil)us trunaitis, tuberculis 26 (visis 14)

sphaericis parvis intra marginem apicis instructis ; mem])rana irregulariter et minute
punctata.

Long. 724 ^ ; lat. ad bas. semicell. 48 ^ ; lat. ad apic. 36 fi,.

No. 0.

Tliis differs from P. orientale in the parallel sides, in not having the apices expanded

and with fewer tubercles, which are loltldn the margin. It differs from P. monili.

ferum (n. 17) va. its apex and basal inflations.

19. Pleurotjenium fiemum, nov. sp. (PL V. fig. 41.) P. magnum, crassum, diametro

circiter 8-plo longius ; semicellulae cum inflatione parv4 basali, lateribus subparallelis,

apices versus subito attenuatae, apicibus subtruncatis, tuberculis oblongis parvis 32

(visis 17) intra marginem apicis instructis ; mcmbranfi dense scrobiculatA.

Long. 560 {h ; lat. ad bas. semicell. 75 {h ; lat. ad med. semicell. 73 ^ ; lat. ad apic. 48 \l.

No. 0.

20. PleurottENIUM Ehrenbergii, De Bary, Conj. p. 75. {Bocidium Ehrenbergii, Ualfs,

Brit. Desm. p. 157, tab. xxvi. figs. 4 a, b, c.)

Long. 296-303 joo ; lat. ad bas. semicell. 19-21 jt* ; lat. ad apic. 13*5 /a.

Nos. and 1.

Eorma semicellulis plus attenuatis, inflatione basali majore.

Long. 338 ^ ; lat. ad bas. semiceU. 355 ^i ; lat. ad apic. 17-5 ^. (PL V. fig. 40.)

No. 22.

This is similar in form to P. quantillum \_=Docidium quantillum, W. B. Turn. Freshw.

Alg. of E. India, p. 28, tab. ii. fig. 9, and tab. iv. fig. 12], but is much larger.

21. PLEUROT.ENIUM BASITJNDATTJM, nov. sp. (Pi. V. fig. 35.) P. mcdiocrc, elongatum,

diametro circiter 26-plo longius ; semicellulae vix attenuatae, cum inflatione rotundA

magna in basi, et undiilis 4-5 supra scnsim et gradatim minoribus poene medio

tenus instructis, apicibus tnmcatis et subincrassatis ; membranu sparsini scrobicu-

lato-punctata.
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Long. 517 ih ; lat. ad bas. semicell. 24 /u; ; lat. ad apic. 13'5 ^.

No. 0.

The undulations above the larger basal inflation are much less elevated and not so'

rounded. Compare with Pleurotcenium truncatulum [=Docidmm truncatulum, W. B,

Turn. 1. c. p. 32, tab. iv. fig. 10] and P. haculiforme [^=J)ocidium baculiforme, W. B,

Turn. 1. c. p. 33, tab. iv. fig. 15].

Genus Closterium, Nitsch.

22. Clostemtjm lanceolatum, Kiitz. Phycolog. German, p. 30 ; Baifs, Brit. Desm. p. 164,.

tab. xxviii. fig. 1).

Long. 383-175 ^; lat. 55-58 /a. (PI. IX. fig, 21.)

No. 5.

23. Closterium pachtderml^m, nov. sp. (PI. V. fig. 37.) C permagnum, diametro

circiter 27-plo longius, modice curvatum, subrectum in medio, sensim et gradatim

attenuatum apices truncates curvatiores versus ; membrana crassissima, achroa,

glabra.

Long. 770 /^ ; lat. 28 ii^ ; lat. apic. 8 ^ ; crass, membr. ^.

No. 0.

This species is nearest to C. subangustatum. West (Freshw. Alg. of Maine, Journ. Bot.

Dec. 1891, t. 315. figs. 3, 4), in general outline and curvature, but differs in its very thick

unstriated and colourless membrane.

24. Closteritjm Leibleinii, Kiitz. Synops. Diatom, in Linnaea, 1833, p. 596 ; Balfs,

Brit. Desm. p. 167, tab. xxviii. fig. 4.

Forma apice crassior quam forma typica.

Lat. 25 /*. (PL V. fig. 38.)

No. 0.

25. Closteritjm Pseudodian^, Boy (Desm. Alford District, in Scott. Nat. Jan. 1890
;

icon, in Ut.).

Forma brevior et minus attenuata.

Long. 100
f/>

; lat. 9 ^. (PI. Y. fig. 39.)

No. 0.

26. Closterium lagoense, Nordst. Desm. Brasil. tab. ii. fig. 2.

Var. L^VE, nov. var. (PI. IX. fig. 20.) Var. celluhs apices versus paullo crassioribus

;

membrana non striata.

Lat. 23 fi ; apicibus 116 ^ inter se distantibus.

No. 0.
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27. Closteeium KtJTZiNGii, Br^b. Liste Desm. p. 150, t. ii. fi^. 40; Nordst. Fresliw.

Alg. of New Zeal. & Austr. p. 70, tab. iii. fig. 20.

Lat. 11 (/j ; striis 7 in 10 (/j.

No. 1.

28. Closteritjm setaceum, Ehrenb. ; Ealfs, Brit. Desra. p. 176, tab. xxx. fig. 4.

No. 0.

Genus Penium, Br^b. ; Dc Bary.

29. Penium curttjm, Br^b. in Kiitz. Spec. Alg. p. 167. (Cosmarium curtum, Ralfs,

Brit. Desm. p. 109, tab. xxxii. fig. 9.)

Porma inteemedia, Wille, Perskv. Alg. f. Nov. Semi. p. 56, t. xiv. fig. 74.

Long. 36 fjb ; lat. 15*5 [ju.

No. 0.

30. Penium delicatulum, Josh. Burmese Desm. in Journ. Linn. Soc., Bot. vol. xxi.

1886, p. 653, t. 25, figs. 9-10.

Var. MiNOE, nov. var. (PL V. fig. 36.) Var. duplo minor, mcmbrana densil et dclica-

tissime pmictatsi.

Long. 37'5 /t*; lat. 15*5 /u-.

No. 1.

31. Penium minutissimum, Nordst. Bidrag till kiinncdom sydligare Norges Desm.

p. 46, fig. 21.

Long. 11*5 (JU ; lat. 8 [i.

No. 0.

32. Penium, sp.

Long. 21 ^ ; lat. ll'S
f..

(PL V. fig. 29.)

No. L

33. Penium, sp.

Long. 20 [^ ; lat. 10 [^. (PL V. fig. 28.)

No. 0.

Genus Cylindeoctstis, Menegh.

34. Cylindeoctstis tumida, F. Gay, Essai Monogr. Conj. p. 52, t. i. fig. 1.

Eorma membrana minutissime punctata.

Long. 89 {Jt, ; lat. 27'5 //,.

No. 1.
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35. Cylikdeoctstis ckassa, De Bary, Conj. p. 74; Cooke, Brit. Desm. p. 46, pi. 18,

fig. 2.

Var. ELUPTicuM, nov. var. (PL A\ fig. 27.) Var. latior, lateribus valde convexis.

Long. 35 fA ; lat. 29 //..

No. 0.

Genus Miceasteeias, Ag.

36. MiCEASTEEiAS PiNNATiFiDA, Balfs, Brit. Desm. j). 77, tab. x. fig. 3. {Euastrumimina-

tifidtmi, Kiitz. Phycolog. Germ. p. 134.)

^ar. INCUDIFOEMIS, nov. var. (PL VI. fig. 5.)

Var. tarn longa quam lata ; lobo polari in parte inferiore cylindrico, partis superioris

lobulis attenuatis unidentatisquc ; membranii dense punctata.

l-ong. 62-63-5 /x; lat. 63 f^; lat. isthm. 11'5 ^.

Ko. 1.

37. MicEASTEEiAS Ceux-Melitensis, Ealfs, Brit. Desm. p. 73, tab. ix. fig. 3. {Euastrum

Cruw'Melitensis, Ehrenb. in Abliandl. Berl. Akad. p. 81, ex p. Kiitz. Phycolog. Germ,

p. 134.)

Var. EVOLUTA, W. B. Turn. Presliw. Alg. of E. India, p. 92.

I^ong. 94 ^ ; lat. 84 ju ; long. dent. apic. 3 ^. (PL VI. fig. 1.)

No. 1.

38. MiCEASTEEiAS MAHABXJLESiiWAEEi^sis, Hobson, Notes on Indian Desm. in Quart.

Journ. Micr. Sc. 1863, p. 168 ; Lundell, Desm. Suec. p. 15, tab. i. fig. 6.

Var. TETEACEEUM, nov. var. (PL VI. figs. 2-4.) Yar. lobulis brevioribus et crassioribus,

denticulis minoribus et paucioribus, apicibus truneatis tridenticulatis ; lobo polari

a processibus duobus liorizontalibus Qi xwocessihns qiiahio^^ ad apicem ornatis • tumore
centrali a seriebus granulorum non semper intra marginem sed seriatim tumore
centrali tenus granulato.

Long, sine proc. 131-138 fx ; lat. 106-119 ^u; lat. istlim. 25-30 «.

No. 0.

Tbis belongs to tbe "£. compacta'' section of Nordst. (Eresliwater Algijc of New
Zealand and Australia, p. 31), but the doubling of the two smaller apical processes
distmguishes it from all other varieties of the species. Pig. 4 shows an abnormally
developed semicell.
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Genus Euastrum, Ehrenb.

39. Euastrum bellum, Nordst. Desm. Brasil. tcab. ii. fii,'. 6.

Var. madagascariense, nov. var. (PL VI. fig. 7.) Var. minor ; semicellulfc a fronte

visas angulis inferioribus unidentatis, angulis superioribus dcntibus nonniillis intra

angulos additis, lobo polari truncate (non emarginato) dcntibus nonuullis intra

apicem additis, annulo granulorum 8 ad medium et granulis 3 in formam trianguli

utrobique appropinquatis; a vertice visae polis non capitatis, lobo polari subquadrato

lateribus subrectis.

Long. 54 ^ ; lat. ad bas. semicell. 33 /i ; lat. max. 44 ^l ; lat. lob. pol. 13 /u ; lat. isthm.

7'7 fjt; crass. 21 ^.

No. 0.

40. Euastrum hypochondroides, nov. sp. (PL VI. fig. 8.) F. IJ-plo longius quam
latum, medio profundissime constrictum, sinu lineari extremo ampliato; semi-

cellulse trilobae, lobis lateralibus rotundo-ovatis margine superiore rotundatiore,

granulis acutis magnis irregulariter dispositis, lobo polari elongato-quadrato, apice

convexo-truncato granulis acutis irregulariter ordinatis, annulo granulorum 10 et 3

vel 4 intra annulum in medio sitorum ; semicellulse a vertice visae oblonga? utroque

polo subcapitato et granulato, medio utrobique tumore granulato praeditae, lobo

polari elliptico-rotundato granulato, a latere visae obcuneatae tumore basali, lateribus

subconcavis et apicibus convexo-truncatis praeditae.

Long. 49-52 fx ; lat. 37-41 fi; lat. lob. pol. 12*5-13-5 /x; lat. isthm. 9*5 /*; crass. 16 ^.

No. 1.

The nearest species to this is K sphyroides, Nordst. (Freshw. Alg. of N. Zeal. &
Austr. p. 32, pi. iii. fig. 3), from which it differs in its larger size, its longer lobes with

more granules, which are larger and more acute and which also cover the whole of the

apical portion of the polar lobe. In the vertical view it differs in the subcapitate poles

and the rounded central inflation, and in the lateral view it is comparatively longer. It

differs from E. hypochondriim, Nordst. (De Alg. et Char. i. p. 8, t. xvi. fig. 11) m its

front view by its shorter lateral lobes with larger irregularly disposed granules, in its

subrectangular basal angles, and its longer and convex polar lobes. The vertical view

differs in having each pole subcapitate, and in the polar lobe being rounded-eUipticai

(not quadrate-oblong) with fewer and larger scattered granules.

Var. irregularius, nov. var. (PI. VI. fig. 9.) Var. granulis acutioribus longioribusque

etiam plus irregulariter dispositis (3-4 associatis).

Long. 50 /u ; lat. 39 ix ; lat. lob. poL 135 ^ ; lat. isthm. 9-5 fx.

No. 0.

41. Euastrum, n. sp. (PL VI. fig. 10.) E. semicellulis a vertice visis elliptico-fusi-

formibus, polis subacutis, spinis brevibus ornatis, in medio utrobique inflatione

SECOND series.—BOTANY, VOL. V.
^
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granulata, lobo polari oblongo-rectangulari, polls subprofunde et late emarginatis,

lateribus convexis, granulis parvis prseditis.

Lat. 61 II ; crass. 27 a ; lat. lob. pol. 17 ai ; crass, lob. pol. 11-5 ^.

No. 36.

The vertical view of this apparently new Euastrum was the only one seen; an

unsuccessful attempt was made to obtain the other views.

42. Etjastrum sympageum, nov. sp. (PL VI. fig. 11.) E. mediocre, l|-plo longius

qnam latius, elliptico-oblongum, in medio profunde constrictum, sinu angusto-

lineari extreme ampliato ; semicellulse pyramido-ovat£e, trilobse, incisuris lateralibus

brevibus et angnstis ; lobis lateralibus leve concavis, angulis inferioribus truncato-

emarginatis, angulis supcrioribus interdum rotundatis ; lobo polari latissime pyra-

midato, utrobique triincato-emarginato, apice subretuso ; semicellulte lumore singulo

intra angulum unumquemque loborum lateralem et apicalem, uno infra polum et

papillis binis, 4 submedianis : a vertice visse ellipticsc, lateribus 4-undulatis (medianis

duabus majoribus), lobo polari elliptico lateribns 3-undulatis ; a latere visse ovatsB

lateribus biundulatis, apicibus rotundatis, angulis supcrioribus loborum lateralium

tricrenatis ; membrana irregulariter punctata.

Long. 56-58 n\ lat. bas. semicell. 32-33 /u; lat. lob. pol. 25-26*5
i*; lat. isthm. 8*5-9/*;

crass. 19 '5 jj..

Nos. and 1.

This bears a considerable resemblance to E. stibintegrum, Nordst. (Desm. Brasil. t. ii.

fig. 8), but is proportionately longer and with comparatively parallel sides; it has a

different polar lobe, the lateral lobes of the semicells are less concave and of different

form, and the lateral and vertical views differ much.

13. Euastrum ansatum, Halfs, Brit. Desm. p. 85, tab. xiv. fig. 2 ; Nag. Gattung. einzell.

Alg. p. 122, t. vii. D. fjg. 3.

Long. 80 fx ; lat. 11 ^x ; lat. apic. 19 /. ; lat. isthm. 12-5 ^u. (PI. IX. fig. 17.)

No. 0.

Yar. PYXIDATUM, Delp. Specim. Desm. Subalp. p. 91, t. 6. figs. 32-31. Forma apice

latiore quam in forma typica. (PL IX. fig. 18.)

Long. 65 (.i; lat. 32 /i; lat. apic. 17 ^ ; lat. isthm. 10 ^ ; crass. 20 yu.

No. 0.

44. Euastrum obesum, Josh. Burm. Desmid. p. 638, t. xxiii. figs. 19, 20.

Var. subangulare, nov. var. (PL VI. fig. 15.) Var. apicibus subquadratis et latioribus
;

membrana glabr^.

Long. 77 /u ; lat. 41 /i ; lat. apic. 22 ^u ; lat. isthm. 12-5 n.

No. 0.
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45. EuASTRrM spmuLOSUM, Delp., africanum, Nordst. Dc Alg. et Char. i. p. 9 t xvi

%. 16.

No. 0.

Var. DUPLO-MiNOK, nov. var. (PI. VI. fig, 13.) Var. diiplo-minor ; semiccUulai a fronte

visse granulis minoribus nonnullis additis medium versus, incisuris angustioribus et

lobo polari latissime cuneato.

LoDg. 42 IX ; lat. 38 /.t ; lat. isthm. 11-5 ^ ; crass. 23 pi.

No. 0.

Forma submajor, lobis polaribus late subcuneatis. {-^E. scul^tmn, Turn. Frcshw. Alg.

of E. India, p. 87, t. viii. fig. 32.)

Long. 42 /I ; lat. 36-5 ^t ; lat. isthm. 13'5 /ti ; crass. 22 /». (PI. VI. fig. 12.)

No. 0.

46. EuASTurM monocyclum, Eacib. Nonn. Desm. Polon. p. 38. {E. gemmatum, Br6b.,

monocyclum, Nordst. Alg. et Char. i. p. 8, t. xvi. fig. 13.)

Var. POLONiCTJM, Eacib. 1. c. tab. iv. fig. 6.

Long. 52 fi ; lat. 38 n \ lat. lob. pol. 16 ^t ; lat. isthm. 10 /u.

No. 0.

Var. ^QuiLOBUM, nov. var. (PL VI. fig. 14.) Var. semiceUulis lobis subajqualibus

granulis acutis numerosioribus minoribusque ; a vertice visis lobo polari modicc

constrictis.

Long. 54 /u ; lat. 46 /« ; lat. lob. pol. 2Q /n ; lat. isthm. ll'o fx ; crass. 245 ^.

No. 0.

47. EuASTRUM ROSTRATUM, Ealfs, Ann. Nat. Hist. vol. xiv. 1844, p. 192, t. 7. fig. 5;

Brit. Desm. p. 88, tab. xiv. fig. 6.

*UMBONATUM, nov. subsp. (PL VI. fig. 16.) E. mediocre, circiter If-plo longius quam

latum, in medio profunde constrictum, sinu linear! extremo subampliato; semi-

cellulse triloba, incisuris lateralibus latis et apertis ; lobis lateralibus profunde sed

obtuse eraarginatis, lobulis rotundo-truncatis tridenticulatis ; lo])0 polari sub-

rectangulari, apice rectangularo-convexi incisura profunda mediant, angulis

superioribus in spinam productis ; semicellulae tumore mediano, granulis 3-4 intra

angulis basalibus, utrobique infra basin incisurae apicalis granule magno conico,

a vertice visa? elliptical, polls rotundatis denticulatis, in medium utrobique umbone

conico-obtuso, a latere visae ovato-conicae, lateribus subconcavis circiter medium

granulis magnis conicis instructis.

Long. 54-56 /i; lat. 32-5-34-5iu; lat. lob. polar. 18-19^; lat. isthm. 8-5-9-5^;

crass. 230-24-5 ^.

Nos. and 1.

h2
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It differs from Euastrum rostratum^ E.alfs, var. frcemorsum, Nordst. (Fresliw. Alg.

of New Zeal. & Austr. p. 34, pi. iii. fig. 7), in the median projection not being truncate,

in the absence of the scrobiculse, in being more denticulate, as well as in the distinct

median papilla of the lateral view ; the poles of the vertical view are also rounded

and not truncate.

Yar. ORNATUM, nov. var. (PI. VI. fig. 17.) Yar. lobo polari paullo longiore et incisura

mediana profundiore et angustiore ; membrana granulis irregulariter ornata.

Long. 54 ^i ; lat. 33 ^t ; lat. lob. pol. 16-17 /u ; lat. isthm. 11 ^.

No. 0.

48. Euastrum subeostratum, nov. sp. (PI. YI. fig. 6.) E. subparvum, circiter l^-plo

longius quaro. latum, profunde constrictum, sinu lineari ; semicellulse trilobse ; lobis

lateralibus rotundatis, granulis acutis paucis 3 in ambitu et 3-1 intra marginem

;

lobo polari latissimo rectangulari, angulis supeiioribus subrostratis, apicibus

subrectis incisura mediana profunda aperta, granulis binis intra marginem lateralem

utrobique ; in centro tumore parvo ; a vertice visse oblongae, polls rotundatis granulis

acutis ornatis, in medio utrobique verruca magna emarginata instructse.

Long. 38'5 ,u; lat. 32*5 ^.i \ lat. lob. pol. 20 ^ ; lat. isthm. 9 /i ; crass. 19 yu.

No. 0.

49. EuASTRTJM ELEGANS, Kiitz. Phycolog. Germ. p. 135 ; Palfs, Brit. Desm. p. 89,

tab. xiv. fig. 7. {Cosmarium elegans, Breb. in Menegh. Synop. Desm. p. 222.)

Yar. MADAGASCARiENSE, nov. var. (PL YI. fig. 18.) Yar. semicellulis in partibus

superioribus latioribus, apicibus multo convexioribus, in centro triangulo granulorurn

3 ; a vertice et a latere visse projectione mediana prominente truncata.

Long. 29-37 ^; lat. 19-21 a« ; lat. isthm. 4-5-6 m ; crass. 15 /u.

Nos. and 1.

50. Euastrum personatum, nov. sp. (PI. YI. fig. 19.) E. submediocre, paene IJ-plo

longius quam latum, in medio profundissime constrictum, sinu angusto-lineari

extremo ampliato
; semicellulae subpyramidato-truncatse, subtrilobae, incisuris late-

ralibus apertis obtusisque ; lobis lateralibus retusis, angulis inferioribus rotundatis,

angulis superioribus minoribus submamillatis ; lobo polari late rectangulari, late-

ralibus rotundo-convexis, angulis superioribus in spinam brevem validam productis,

apice incisura mediana alta angusta ; semicellulai supra isthmum tumore, in medio
scrobiculis binis horizontaliter ordinatis, intra angulos inferiores granulis tribus et

intra angulos superiores granulo singulo prteditcE, intra latera lobi polaris cum
papilla ; a vertice visse elliptica?, tumore mediano ; a latere visae ovatge, tumore
prope basin utrobique, papilla apicem versus utrobique, apice apiculatis.
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Long. 36-39 ^ ; lat. 26-5-28 ^ ; lat. lob. pol. 10 5-17-5 ^ ; lat. isthm. 6 ^; crass. 16 ^.
IN O. o.

51. Etjastrum pyhamidatum, West, Preshw. Alg. of W, Ireland, p. 139, pi. xv. fig 13.

Var. INCRASSATUM, nov. var. (PL VI. fig. 20.) Var. paullo major, semicellulis in medio
incrassatis.

Long. 32 ^ ; lat. 20 ^ ; lat. isthm. 6 ^ ; crass. ISo /i.

No. 0.

Compare with Cosmarium mhlohatum. Arch., var. crispulum, Nordst. (Bidrag till

kannedom sydlig. Norges Desmid. p. 10, fig. 9).

52. EuASTRUM BiNALE, Ealfs, Brit. Desmid. p. 90, tab. 14. fig. 8.

Long. 17 A*; lat. 15 ^u; lat. isthm. 4-5 ^ ; crass. 8-5 ^. (PI. IX. fig. M.)

No. 0.

53. Efastrum denticulatum, F. Gay, Sur les Conj. du Midi de la France, 1884, p. 335.

Long. 16-28 n ; lat. 12-20 ^ ; lat. isthm. 3-55 ,u ; crass. 13 ^. (PL IX. figs. 15, IG.)

Nos. and 1.

Var. RECTANGULARE, noY. var. (PL VI. fig. 21.) Var. apicibus et basibus semicellularum

sequilatis, granulis paucioribus, tumore central! sine granulis.

Long. 22^; lat. ad bas. semicell. IT'S/*; lat ad apic. 17^; lat. isthm. 5 5 ^\

crass. 10 ^u.

No. 3.

54. EuASTRrM TRIGIBBERUM, nov. sp. (PL VI. fig. 22.) E. parvum, paullo longius

quam latum, in medio profunde constrictum, sinu lineari ; semicellulae truncato-

pyramidatoe, triloba^, incisuris lateralibus apertis et subprofundis ; lobis lateralibus

subquadratis in margine 4-granulatis ; lobo polari latissime subrectangulari, lateribus

bigranulatis, angulis superioribus in spinam productis, apice 4-granulatis incisura

mediana alta ; semicellulse tumore mediano granulis quinque ornato, tumore

utrobique granulis qnatuor ornato, seriebus duabus horizontalibus granulorum

quatuor intra lobum polarem; a vertice visse elliptica?, tumore magno utrobique

medio trigranulato ad apicem truncatum, prope polos utrobique tumore emarginato,

polis trigranulatis ; a latere visae trilobae, lobis lateralibus apice truncato tri-

granulato, lobo polari lateribus bigranulatis apice spinjk ornato.

Long. 23 iu; lat. lO'S /i ; lat. lob. poL 14 ^; lat. isthm. 65^; crass. 135 /i.

No. 18.

The nearest species to this is E. denticulatum, F. Gay, from which it differs in the

deep lateral incisions of the front view, in the three basal tumours well seen in the

vertical view, as well as in other characters.
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55. EuASTRUM cosMARioiDES, nov. sp. (PI. YI. fig. 23.) E. parvum, circiter l^-plo

longius quam latum, profunde constrictum, sinu lineari extremo ampliato ; semi-

cellulee truncato-pyramidatse, angulis inferioribus late rotundatis, lateribus sub apici-

bus retusis, apicibus convexis in medio late emarginatis, angulis superioribus sub-

obtusis; a veutice yisse subrhomboidese, angulis latissime rotundatis, lateribus

subretusis ; a latere visas subglobosae ; membrana glabra.

Long. 25-27 lu ; lat. 18-5-19 n; lat. isthm. 4-5-6 /n; crass. 12-5 u.

No. 0.

This differs from Cosmarium siihlohatmn, Archer, in having the basal angles more widely

rounded, in the much sharper superior angles, in the convex emarginate apex (not retuse),

and in the different vertical and lateral views.

Genus Cosm:arium, Corda; Halfs.

56. Cosmarium submamillatum, nov. sp. (PL VI. fig. 3L.) C. submediocre, IJ-plo

longius quam latum, profunde constrictum, sinu lineari extremo ampliato ; semi-

celhdse truncato-pyramidatse, angulis inferioribus late rotundatis, lateribus concavis

infra angulos superiores submamillatos, apicibus truncatis (inter mamillas) ; a vertice

visse rhomboideo-ellipticse, mamillis binis intra marginem lateralem utrumque ; a

latere visse ovato-truncatse, infra angulos superiores submamillatos leviter concavae ;

membrana delicatissime punctata.

Long. 33-36 ^; lat. 26-29 ^ ; lat. isthm. 55-6-5 n.

No. 3.

The four submamillate projections at each apex (two of which are only seen in front

view) characterize this species.

57. Cosmarium granatum, Breb. Liste, p. 26 ; Ralfs, Brit. Desmid. p. 96, tab. 32. fig. 6.

Long. 32-42 fx ; lat. 22-27 fx ; lat. isthm. 6-8-5 /x.

Nos. and 1.

Forms of this species were seen agreeing with figs 2, 3, and 7 of Borge (Algologiska

Kotisa, Bot. Not. 1892, tafl. i.).

Var. STJBANGULARE, nov. var. (PI. VIII. fig. 4.) Var. minor, Ij-plo longior quam lata,

semicellulis angularioribus, lateribus prope basin divergentibus, lateribus superiori-

bus levissime concavis, apicibus leviter retusis.

Long. 23 fx ; lat. 18 fi ; lat. isthm. 3 ^ ; crass. 9 5 /u.

No. 0.

This variety approaches f. alata, Jacobs., but has the basal angles truncate and not

emarginate ; the apex is also somewhat retuse.

58. Cosmarium in^qualipellicum, nov. sp. (PI. VI. figs. 28, 29.) C. parvum circiter

IJ-plo longius quam latius, profunde constrictum, sinu angusto-lineari extremo
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ampliato; seniicelhilge truncato-pyramidatse, angiilis infcrioribus late rot\mdatis

levissime triundulatis (rel angularibus parte infiiiia sul)diveri,^(Milil)us) ot iiicrassatis

lateribus apicem versus valde retusis, apicibus truncjitis levissime triundulatis,

angulis superioribus incrassatis subrotuudatis ; a vorticc visae elliptical polis

angularibiis angulis tribus obtusis, medio utrobique suljinflatae ; a latere visse

truncato-ovatse, angulis superioribus et iuferioribus incrassatis ; membnmA, minute

punctata; pyrenoidibus singulis.

Long. 25-33 ^ ; lat. 20-25 ^i ; lat. istlim. 5-7'6
; crass. 11-13'5 /«.

iNTos. 0, 1, and 10.

This species was seen in abundance, and is nearest to Cosniarinm trilohnlatum, Keinsch

(Algenfl. mittler. Theil. von Franken, p. 116, taf. ix. fig. vi), from which it differs in

its subundulate and incrassated sides and apex, in its punctate membrane, and in the

subtumid and angular vertical view, as well as in its semicells being distinctly less

trilobed. Compare also with C. eductum, Roy et Biss. in Nordst. Desmidieer Mn
Bornholm, p. 198, tab. vi. fig. 8.

Forma minor. (PI. VI. fig. 30.)

Long. 21 fjL ; lat. 15 n ; lat, isthm. 45 n ; crass. 9*5 ^,

No. 1.

59. CosMAUiTJM suBAimicuLATUM, nov. sp. (PL VL fig. 31.) C, mediocre, tarn longum

quam latum, modice constrictura, sinu aperto ad extremum subampliato ; semicellulae

subelliptic^e, dorso convexiore, supra latus unumquodque spinis tribus brevibus

obsessa? ; a vertice visse late elliptica?, ad polum unumquemque cum spin{\ singubi

brevi ornatse ; a latere visa? depresso-spha3ric8e ; membrana irregulariter punctata

;

pyrenoidibus binis.

Long. 43-46 ^ ; lat. sine spin. 43-44 /u ; lat. cum spin. 44-48 yu ; lat. isthm. 21-25 ^ ;

crass. 28 n.

No. 1.

This is near C. auriculatmn, Keinsch (Contrib. Alg. et Fung. t. xiv. fig. 5), but the

sides are not produced into a tridentate process, the sinus is open, the membrane is not

granulate, and the vertical view is broader and not produced at the poles. Compare also

with a erosiim, Delp., and C. laticollum, Delp,

60. CosMAEiuM LuNDELLii, Belp. Spccim. Desm. Subalp. p. 109, t. 70. fig. 62-6i.

Var. MADAGASCAiiiENSE, nov. var. (PI. VIII. fig. 2.) Var. septim^ parte longior quam

lata, semicellulis in centre non incrassatis, a vertice visis elUpticis, polis latissime

rotundatis.

Long. 81 /i ; lat. 70 ^t; lat. isthm. 33 a^; crass. 43 ^.

Nos. and 18.
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Yar. srEANGULARE, nov. var. (PL VIII. fig. 3.) Var. major, octava parte longior qiiam

lata, angulis inferioribus minus rotundatis, prope angulos inferiores levissime

retusis, apicibus subtruncatis, istbmo latiore.

Long. 92 ^ ; lat. 81 ^ ; lat. istlim. 51 /i.

No. 0.

61

.

CosMARiUM PSEUDOPYRAMIDATUM, Lund. Desm. Suec. p. 41, tab. ii. fig. 18.

Long. 54 m; lat. 31 fi; lat. isthm. 13"5 /*.

No. 0.

62. CosMAEiUM ELLiPSOiDEUM, Elfv. Antockningar om Finska Desmidieer, p. 13, tab. i,

fig. 10.

Eorma minor, Anders. Bidrag till kannedom Sverig. Chlor. p. 16, fig. 9; non Racib.

Nonn. Desmid. Polon. p. 28, tab. x. fig. 9,

Long. 23 ^ ; lat. 19 ^ ; lat. isthm. 6 ^ ; crass. 11 fx. (PL IX. fig. 25.)

No. 1.

63. CosMARiTJM BiREME, Nordst. Desm. Brasil. tab. iii. fig. 33.

Var. ROTTJNDATUM, nov. var. (PL VI. fig. 37.) Var. paullo longior, lateribus rotundatis,

papilla centrali angustiore.

Long, 15-15-5 fx; lat. 12-5 ^u; lat. isthm. 3'5 n; crass, cum papilL 11 5-125 fx.

No. 0.

One example of this variety was seen which had a second papilla on one side of the

apex of one semicell.

Var. CRASSUM, nov. var. (PL VI. fig. 36.) Var. paullo major, papilla centrali multo

crassiori, membrana punctata.

Long. 18 ju; lat. 16 ju ; lat. isthm. 4*5 ^; crass. 15 /x.

No. 0.

64. CosMARiiJM TiTHOPHORUM, Nordst. De Alg. et Char. i. p. 6, tab. xvi. fig. 6. Forma
apicibus leviter depressis.

Long. 19 fx ; lat. 20 /u ; lat. isthm. 8 fi ; crass. 145 fx. (PL IX. fig. 26.)

No. 1.

65. CosMARiUM PSEUDOPROTTJBERANS, Kirchn. Alg. Schles. p. 150; Nordst. Desmid.
Nordensk. expedit. till Gronland, tafl. vii. fig. 3.

Var. ANGUsTius, Nordst. Freshw\ Algae of New Zeal. & Austr. p. 58, tab. vi. figs. 15, 16.
Forma paullo minor. (PL IX. fig. 22.)

Long. 23-25 ^i ; lat. 16-17 ^ ; lat. isthm. 5 ^ ; crass. 11-5 ^.

Nos. 3 and 22.
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66. CosMARiUM STJBPKOTUBEEANS, nov. sp. (PI. YI. fig. 40.) C. parviim, pauUolongius
quam latum, profunde constrictum, sinu linear! in extremo ampliato ; semicellulje

irregulariter subpentagonales, laterihus brevibus divergentibus, angulis lateral ibns

levissime rotundatis, apicibus conico-convexis ; a vertico vistc elliptica.^ in medio
utrobique magis inflatse ; a latere visse depresso-elliptica3 ; membrana irregulariter

punctata
; pyrenoidibus singulis.

Long. 19-21 yu ; lat. 18 jn; lat. isthm. 48 fx ; crass. 13-5 /n.

No. 1.

This species comes near to C. protuherans, Lund. (Desm. Suec. p. 37, tab. iii. fig. 17)^

but differs in front view in the conico-convex apex and more acute angles, in vertical

view in its broader inflation, and also in the very diff'erent form of the lateral view.

Prom C. pseudoprotuherans, Kirchn., it differs in its apex and lateral angles, its more
inflated vertical view, as well as in its much wider lateral view.

67. CosMARirM QUADHOGRANULATUM, nov. sp. (PI. YI. fig. 38.) C. parvum, l|-plo longius

quam latum, profundissime constrictum, sinu angusto-lineari in extremo ampliato ;.

semicelkdse liexagono-hemisplia3rica% angulis lateralibus utrobique granule singulo

instructis, apicibus subrectis ; a vertice visa? ellipticag, granule ad polum unumquem-

que sito ; a latere visse subsphsericse ; membrana glabra ; pyrenoidibus singulis.

Long. 165 n ; lat. 13*5 n ; lat. isthm. 22 n ; crass. 8 /u.

No. 1.
•

The nearest species to this is C. pseudoprotuherans^ Kirchn., from which it differs in

its more rounded semicells, its narrower and deeper constriction, and in the presence of

a granule on each of the four lateral angles. C. piseudoprotuhercms, Kirchn., forma

" angulis superioribus semicellularum rotundatis," Borge (Chlorophylloph. fran Norska

Pinmarken, p. 12, tafl. i. fig. 10), is similar in form, but has the sides more divergent,,

is not so deeply constricted,.and has no granules.

68. CosMARiLM MAMiLLiFERUM, Nordst. Dcsm. Brasil. t. iii. fig. 22.

Var. MADAGASCARiENSE, nov. var. (PI. VL fig. 35.) Var. major, paene tarn latum quam

longum, semiceUulis depressis angulis rotundatis et leviter incrassatis, mamillis

majoribus, isthmo angustiore ; membrana minute punctata.

Long. 30-5 n ; lat. 26-5 |M,; lat. isthm. 5*5 //<; crass, sine nod. 16 /a.

No. 3. ..,
^__ ; . .

69. CosMARirM SULCATUM, Nordst. De Algis et Characeis Sandwicensibus, p. 13, tab. i.

figs. 18-20.

Long. 35-38-510,; lat. 31-34-5 />o; lat. isthm. 9-5-10-5^; crass. 18//-. (PL V. figs. 28^

29.) . • -

No. 0. - '
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70. CosMAEiUM Eegnellii, Wille, Bidrag til Sydanr. Algfl. p. 16, t. i. fig. 34.

Tar. MADAGASCAHIENSE, nov. var. (PI. VI. fig. 39.) Var. angulis inferioribus minus

rectangularibus, sed lateribus plus divergentibus, sub apicibus levissime retusis,

apicibus levissime retusis vel rectis.

Long. 14-15 ^ ; lat. 14-17 [J^ ; lat. isthm. 3o-4|M/ ; crass. 6-7*5 [/j.

No. 3.

The forms of this variety seem to connect the species to C. capittihim, Boy et Biss.

(Jap. Desm. in Journ. Bot. 1886, vol. xxv. p. 195, t. 268. f. 9).

71. CosMAEiTJM GEOMETEicTJM, nov. sp. (PL VI. fig. 32.) C. minutissimum, tarn longum

quam latum, profundissime constrictum, sinu lineari extrorsum ampliato; semi-

cellulse latissime truncato-pyramidatse, lateribus rectis et apicibus concavis, angulis

inferioribus acutis, angulis superioribus subapiculatis, in centro papilla prseditse

;

a vertice visa3 ellipticae, ad polos subapiculatse, papiM median A. utrobique instructoe ;

a latere visse globosae, in medio utrobique papilla prseditoe
;
pyrenoidibus singulis.

Long. 95-10'5/«<; lat. 9-5-10'5/u; lat. isthm. 2/i; crass. 6^.

No. 3.

72. CosMAnnjM SiNOSTEGOS, Schaar. Magyar. Desmid. p. 266, fig. 12.

Var. OBTUsirs, Gutw. Materyaly do Plory Glonow Galicyi, p. 26, tab. iii. fig. 13

;

Diagnos. nonnull. algar. nov. Galicia in Nuova Notarisia, Apr. 5, 1892, p. 21. Tomia
minor, semicellulse a vertice visse acutius quam in forma typica papillatse.

Long. 9-10-8 /ii; lat. 11-11-5^1; lat. isthm. 3-6 ju; crass. 7*2 /u. (PL VI. fig. 33.)

No. 1.

73. CosMARirM EMARGixATUM, nov. sp. (PL VIII. fig. 14.) 0. minutissimum, paullo

longius quam latum, modice constrictum, sinu aperto subrectangulari obtuso;

semicellulse subellipticse, ventre leviter convexse, dorso valde convexse et in medio
retusse ; a vertice visse ellipticse, medio utrobique leviter subtumidse ; a latere visic

subglobosse ; membrana glabra.

Long. 8-9-5 iu; lat. 7-8^; lat. isthm. 4-4-4-8^; crass. 7*6-8-5 ^u.

Nos. and 1.

74. CosMARirM MINIMUM, nov. sp. (PL VIII. fig. 10.) C. minutissimum, quadratum,
paullo longius quam latum, modice constrictum, sinu sublineari ; semicellulsD

transversim rectangulares, lateribus et apicibus subrectis, angulis levissime rotundatis

;

a vertice visse ellipticse ; a latere visse subrotundatse, apice truncato ; membran^
glabra ; pyrenoidibus singulis.

Long. 8-4 ^i ; lat. 7-2 /n ; lat. isthm. 3 ^ ; crass. 4'7
a*.

No. 1.

This is one of the least Cosmarla yet described, and has a characteristic form.
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Var. SUBKOTUNDATUM, nov. var. (PI. VIII. fig. 11.) Var. paullo longior quam forma
typica, lateribus leviter convexis et apicibus rectis vol levissime concavis.

Long. 8-9 ft ; lat. 67-7 fx ; lat. isthm. 2-2-5 ^ ; crass. 4*5 ^l.

No. 1.

75. CosMARiTJM Meneghinii, Breb. in Ralfs, Brit. Desmid. p. 90, tab. xv. fig. 0.

Long. 16-20 ^ ; lat. 12-5-14-5 ^u; lat. isthm. 25 ^tt ; crass. 7-75 /u. (PI. VI. fig. 41.)

Nos. 1 and 10.

These forms agree with C. Braunii, Eeinsch, v. Meneghinii, Rcinsch (Algcnfl.

mittl. Theil. von Prank, p. 115, taf . x. fig. iii. d).

76. CosMARiUM CONCINNUM, Beinsch, Algenfl. mittl. Theil. von Prank, p. 110, taf. ix.

fig. iii. (C Me7ieghinii, Breb., var. concinnum, Rabenh. PI. Europ. Alg. iii. ]). 163.)

Long. 12-5-13'5;ti; lat. 9'5-10/u; lat. isthm. 2fi; crass. 5-3-6^*. (PL IX. fig, 23.)

Nos. and 1.

77. CosMAEirM L^VE, Babcnh. PI. Europ. Alg. iii. p. 161 ; Nordst. in AVittr. ot Xordst.

Desm. et jEdog. in Ital. et Tyrol. ]). 29, t. xii. fig. 4. Porma membrana glabril.

(Cfr. Bacib. Desmid. w pod. naokol. ziem. p. 4, t. vi. figs. 19, 20.)

Long. 16 ju; lat. 12-5 ,u; lat. isthm. 2;u; crass. 65 jit.

No. 3.

78. CosMARirM PLANUM, nov. sp. (PI. VIII. fig. 9.) 6'. parvuni, ptcne duplo longius quam

latum, profunde constrictum, sinu subaperto et acuto ; semicelluhc truncato-pyrami-

datae, angulis inferioribus valde rotundatis, angulis superioribus rotundatis, apicibus

subretusis ; a vertice et a latere visas ellipticse ; membrana glabra ; pyrenoidibus

singulis.

Long. 29-35 ^i ; lat. 17-18 ^u ; lat. isthm. 5-8-7 /u ; crass. 11-5 ^i.

No. 0.

This species may be compared with some forms of C. Meneghinii, Breb., and C Icevey

Babenli.

79. CosMARiUM Begnesii, Beinsch, Algenfl. mittl. Theil. von Prank, p. 112, taf. viL

fig. viii.

Var. TRITTJM, West, Presliw. Alg. of W. Ireland, p. 119, pi. xxi. fig. 3.

Long. 8-5 n ; lat. 8*5 ;u ; lat. isthm. 5 /u ; crass. 4 /u. (PI. IX. fig. 24.)

No. 3.

80. CosMARiUM PsEUDOREGNESii, nov. sp. (PI. VI. figs. 42, 43.) C. minutum, pauUo

longius quam latum, profunde constrictum, sinu excavato et semielliptico

;

semiceUul^ subrectangulares, angulis inferioribus acutis, angulis superioribus

emarginatis, lateribus retusis, apicibus biundulatis (retusis in medio), in centra

i2
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nmbonatse, intra marginem anguli superioris emarginati uniuscujusque papilla

instructse ; a vertice yisse ellipticse, in medio umbone et polos triangulatos versus

papilla utrobique instmctse ; a latere visse subspbsericse in medio umbonato utrobique,

apicibus papillis tribus instructs.

Long. 14-15-5 ^u ; lat. 13-5 ^ ; lat. istbm. 5-5*2 /t; crass. 5*5-7'7
a*.

No. 0. (See note on p. 90.)

This approaches C. Begnesii, Keinsch, but is larger and a little longer in proportion

to its breadth ; the isthmus is also comparatively narrower, but the lateral and vertical

views, with their protuberances, are markedly characteristic. This was seen in fair

abundance from lliccall Common, E. Yorks., but the protuberances in the vertical view

were less marked than in the examples from Madagascar. Pig. 43 is from a lliccall

specimen. C. Regnesii, E^einsch, is also figured for comparison (PL VI. fig. 44).

81. CosMARiuM SUBLATERE-TJNDATUM, nov. sp. (PL VI. fig. 1.) C, submcdiocre, paullo

longius quam latius, rotundo-hexagonum, profunde constrictum, sinu angusto-lineari

extremo subampliato; semicellulse late truncato-pyramidata^, lateribus convexis

6-undulatis, apicibus truncatis et levissime 2-undulatis ; a vertice visa) ellipticse

polls leviter undulatis ; a latere visse circulares ; membrana irregulariter punctata.

Long. 38-5-40/1; lat. 34-5-38-5 /x; lat. apic. 19-21 ju; lat. isthra. 115-15; crass. 19 ^.

No. 0.

This is nearest to C. latere-undatum, Eoy (in litt. cum icone) (see note on p. 90), but

differs in its larger size, its relatively broader cells, in the sides having more undulations,

in the faintly undulate apex, and in its punctate membrane ; in the lateral view

it is also more spherical, and the poles of the vertical view are slightly undulate.

Compare also with C. cyclicum, Lund., var. angulatum. West (Preshw. Alg. of N. Yorks.

in Journ. Bot., Oct. 1889, tab. 291. fig. 2 ; Preshw. Alg. of Eng. Lake District in Journ.

Roy. Micr. Soc, Dec. 1892, p. 728, pi. ix. fig. 19).

82. CosMAEiUM BEATTJM, nov. sp. (PL VII. fig. 8.) C. parvum, paullo longius quam latum,

profunde constrictum, sinu aperto extremum versus lineari extremo subampliato

;

semicellulse late truncato-pyramidatoe, angulis inferioribus rotundatis, granulis

acutis tribus, lateribus verrucis emarginatis duabus, apicibus truncatis granulis

5-6 prceditis, in centro cum granulo magno et semicirculo granulorum 5 circa et

subter illud; a vertice visse elliptico-angulares, medio utrinque granulis tribus

ornatge, intra marginem lateralem utrumque serie granulorum polls truncatis tenus,

polls granulis tribus prseditis; a latere visse hexagono-circulares, apicibus sub-

truncatis, angulis superioribus cum papilla parva, utrinque granulis binis instructis.

Long. 31'5 /t ; lat. 27 ^i ; lat. isthm. 8 /u ; crass. 19 ///.

No. 3.

This species and the two following are evidently allies of C. monomazum, Lund.

83. CosMARiUM BELLTJM, nov. sp. (PL VII. fig. 9.) C parvum, paullo longius quam latum,

modice constrictum, sinu lineari extremo subampliato ; semicellulae late truncate-
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pyramidata?, lateribus verrucis tribus praeditis, superioribus duabus siibemarginatis,

infima rotimdato-truncato, apicibus truncatis verrucis truncatis G ornatis, iji medio
ad basin cum verrucis tribus in serie transversfi (maxima in medio) ; a vtn'tice

A'isse elliptico-angulares ad polos truncato-retusae, medio utrobique verrucis tribus

instructse, maxima emarginata ad medium protuberatii, intra marginem lateralem

utrumque serie verrucarum angularium ; a latere visse truncato-pyramidatae, angulis

inferioribus subproductis, lateribus levissime undulatis, angulis superioribus paj)ill}\

parva instructis ; membrana delicatissime punctata.

Long. 28^; lat. 26-5/*; lat. istlim. 11 /i ; crass. 22 /x.

No. 3.
k

S4. CosMARiUM EXiMiUM, nov. sp. (PI. VII. fig. 10.) C, parvum, tarn longum quam latum,

profunde constrictum, sinu lineari extremo leviter ampliato; semicellula; late truncato-

pyramidatae, angulis inferioribus subrotundatis, lateribus et apicibus verrucis cmar-

ginatis (in ambitu circiter 10) ornata^, serie granulorum intra marginem, ia ccntro

cum annulo granulorum 6 circa granuhim majus centralc ; a vertice visa? rhomboideo-

eni2)ticae, polis truncatis, seriebus parallelis duabus verrucarum cmarginatarum do

polo ad polum, etiam serie granulorum parvorum intra marginem lateralem utrum-

que, medio utrobique granulis tribus instructa? ; a latere visae pyramidatae, angulis

inferioribus rotundatis et trigranulatis, apicibus truncatis, angulis superioribus

papilla minute praeditis ; membrana subtilissime punctata,.

Long. 28 ft; lat. 29 fx; lat. isthm. 9"5^; crass. 17 z^.

No. 36.

85. CosMARiUM DECORATUM, nov. sp. (PL YII. fig, 21.) C. submagnum, circiter 1 J-plo

longius quam latius, profunde constrictum, sinu lineari extremo subampliato ; serai-

cellulae truncato-pyramidatse, angulis inferioribus et superioribus rotundatis, lateribus

convexis, apicibus subrectis subconvexisve ; membrana depressionibus formarum

duarum quincuncialiter ordinatis ornata, inter 2 depressiones rotundatis binis

depressionibus triangularibus, circa unamquamque depressionem rotundaiani

depressionibus triangularibus 6 ; a vertice visa? elliptical, in medio utrobique late

tumidse ; a latere visa? late ovatte ; massa clilorophyllacea semicellularum laminis

lateralibus quaternis.

Long. 70-86 ;ii; lat. 52-63)11; lat. istbm. 23-32-5 ;«-; crass. 32'5-40>.

Nos. and 1.

In this species the granular appearance is produced by depressions arranged in the

same manner as those on C. glyptodermtm (n. Ill), but in this case they are of two

forms.

m. CosMARiuM Baronii, nov. sp. (PL VII. fig. 30.) a permagnum, propc If-plo longius

quam latum, profunde constrictum, sinu lineari ; scmicellulir granulattr, pyramidato-

truncatae, angulis inferioribus et superioribus rotundatis, lateribus subrectis vel
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siibconcavis, apicibus tnmcatis vel levissime convexis ;
gramilis magnis in seriebus

concentricis marginem versus, minoribus et irregulariter medium versus ordinatis,

infra centrum seriebus 8-4 granulis majoribus (6-8 in serie unaquaque) cum

hexagono scrobiculorum parvorum circa granulum majorem unumquemque; a

vertice visse rhomboideo-ellipticae, granulis subconcentrice ordinatis, in centro

granulis sparsissimis irregulariter dispersis, ad medium utrobique granulis 6-8

multo majoribus ; membrana inter granules irregulariter punctata.

Long. 142-161 f*; lat. 111-119 |u ; lat. istlim. 32-38 /^ ; lat. apic. circ. 43-45^; crass.

72«..

No. 0.

Tliis is one of the largest and most beautiful species yet described, the only one at all

approaching it being Cosmarium magnificmn^ Nordst. (Preshw. Alg. of New Zeal. &
Austr. p. 62, tab. 6. fig. 19), from which it is quite distinct.

The hexagons of scrobiculations round the larger central warts were arranged in such

a manner that two opposite angles were always on a vertical line. This was the case in

all the specimens examined, and the hexagons appeared to gradually fade off amongst the

granules outside them, the latter being irregular and finally becoming larger and concen-

trically disposed.

87. Cosmarium Anax, nov. sp. (PL VII. fig. 7.) C, permagnum, pauUo longius quam

latum, profunde constrictum, sinu lineari extrorsum ampliato; semicellulsc late pyra-

midatse, angulis inferioribus latissime rotundatis, lateribus subconcavis, angulis supe-

rioribus rotundatis, apicibus anguste truncatis subrectis vel levissime concavis et in

medio incrassatis ; membrana scrobiculata et minutissime punctata inter scrobiculos,

in centro sine scrobiculis, sed minutissime punctata ; a vertice visse ellipticse, polls

porrectis et late rotundatis.

Long. 173^ ; lat. 153 /a ; lat. apic. 42 ^i; lat. isthm. 52^1; crass. 86 /i.

No. 0.

This is also one of the largest and most characteristic species of the genus. A portion

of the membrane is figured under a higher magnification to show the scrobiculations

with the intervening punctulations (fig, 7, <?).

88. Cosmarium Pseudobroomei, Wolle, Desm. U.S. of America, p. 86, pi. 51. figs. 36, 37 ;

Turner, Preshw. Alg. of E. India, p. 66, tab. ix. fig. 41.

Yar. madagascaiiie:nse, nov. var. (PI. A^II. fig. 34.) Var. major, semicellularum late-

ribus subdivergentibus vel paraUelis
; granulis ad medium multo minoribus.

Long. 49-51/11; lat. 44-49 /u; lat. isthm. 12-5-16-5^; crass. 25 /«.

No. 3.

Yar. ELEGANS, nov. var. (PI. YI. fig. 25.) Yar. ceUulis granulis paucioribus majori-

busque ; a vertice visis crassioribus.

Long. 42 ^\. ; lat. 33-5 ^ ; lat. isthm. 11'5 /» ; crass. 20 /«.

No. 0.
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89. CosMARiuMCREPERUM^nov.sp. (Pl.VII.fig.il.) <^.parviim, pauUo longiusquam latum,
profunde constrictum, sinu oblongo-lineari aperto ; scmicollulai transverse oblongje,
lateribus rotundatis, apicibus truncatis; a vertice visaB obloii-a^ polls rotundatis; a
latere visse circulares; menibraua granulatfi, granulis distantibus quiiicuncialiter
ordinatis

; pyrenoidibus binis.

Long. 30 ^ ; lat. 27 n ; lat. isthm. 9-5 n ; crass. 14 ^.

No. 3.

Compare with C. Pseudobroomei, Wolle.

Yar. COMPRESSUM, nov. var. (PI. VII. fig. 33.) Var. semiccllulis plus dcprcssis, gramilis

minoribus et numerosioribus subirregulariter ordinatis ; zygospora subrhomboideo-
elliptica, membrana glabrsi.

Long. 22^; lat. 23^; lat. isthm. 7-7 a*; crass. 11-5^; long, zygosp. 33/*; lat. zygosp.

27 yu.

No. 1.

^0. CosMARiuM ISTHMOCHONDRUM, Nordst. Bidrag till kiinn. sydlig. Norges Desm. p. 35,

tab. i. fig. 17.

Yar. BiSERiATUM, nov. var. (PI. VII. fig. 14.) Var. paullo minor, isthmo angustiore,

semicellulis apice granulatis, intra marginem granulis (nee scrobiculis) 4 praeditis et

ad isthmum granulis binis minoribus.

Long. 23 yu; lat. 20;*; lat. isthm. 5'7/t; crass. 13/*.

No. 3.

91. CosMARiUM STJBALATUM, nov. sp. (PI. VII. fig. 31.) C, parvum, sext^ parte longius

quam latum, profunde constrictum, sinu angusto-lineari extremo ampliato; semi

cellul^e late truncato-pyramidatae, angulis inferioribus rotundatis, lateribus 2-crenatis,

apicibus 4-crenatis (crenis minoribus quam ese in lateribus) ; crena infim^ granulis

tribus ad marginem, reliquis in ambitu toto granulis duobus ad marginem, seriebus

radiantibus granulorum 2 vel 3 intra marginem ; in centro tumore parvo granulato

;

a vertice vis^ ellipticse, ad medium utrobique subtumidae, granulis in seriebus 10

transversis ordinatis ; a latere visse anguste truncato-pyramidata?, angulis inferiori-

bus et superioribus rotundatis, granulis in seriebus transversis 7 ordinatis.

Long. 21 /u; lat. 17 /u ; lat. isthm. 3-8/*; crass. 105/*.

Nos. and 1.

Compare with C. alatiim, Kirchn. (Alg. Schles. p. 153).

,92. CosMARiUM PUNCTULATUM, Brcb. List Desm. p. 129, tab. i. fig. 15 ;
De Notaris,

Element, per lo stud, delle Desmid. Ital. p. 46, t. iv. fig. 33.

Yar. ORNATUM, Istv. Diag. Algar. Nov., Notarisia, 1887, p. 8.

Long. 21/*; lat. 16/*; lat. isthm. 5-5/*; crass. 10-5/*. (PL VIL fig. 28.)

No. 0.
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93. CosMARiUM PULViNATUM, HOY. sp. (PI. VI. fig. 24.) C. parvum, paullo latins quam

longum, profunde constrictum, sinu linear! extreme subampliato ; semicellulse oblongo-

ellipticce, apicibns truncatis subtruncatisve ; a vertice visse angusto-ellipticse, in

medio utrobique multo inflatse ; a latere visce depresso-cllipticoe, apicibus subtrun-

catis ; membrana minute et irregnlaritcr granulata.

Long. 17-18'5 /u ; lat. 21-5-22-5 ^ ; lat. istbm. 7-7-8 /a ; crass. 14 ^u.

No. 36.

This species dififers from C. pnnctulatum, Breb., in its depressed cells, smaller grannies,

and in the large inflation on each side of the semicells, as seen in vertical view.

94. CosMARiUM TEACHYDEKMUM, nov. sp. (PI. YI. fig. 26.) C, mcdiocrc, panllo longing

quam latum, modice constrictum, sinu aperto extremo obtuso ; semicellulae elliptico-

•; oblongae, lateribus rotundatis, apicibus subtruncatis ; a vertice visae ellipticse;

a latere visae subcirculares ; membrana granulata, granulis parvis et irregulariter

ordinatis
; pyrenoidibus binis.

Long. 40*5 ^i ; lat. 36 n ; lat. isthm. 16 n ; crass. 21 fi»

No. 1.

Compare with C. scahratiilum, n. sp., and 6'. Holmii, Wille, f. depmiperatay Boldt.

(Desmidieer fran Gronland, p. 27, tab. ii. fig. 29).

95. CosMARigM sCABRATrLiTM, nov. sp, (PL VI. fig. 27.) C. mediocre, paullo longius quam
latum, submodice constrictum, sinu multo aperto extremo obtuso ; semicellulse

ellipticse ; a vertice visae late ellipticae, ad polum unumquemque leviter productae ; a

latere visae depresso-globosse : membrana granulata, granulis parvis et irregulariter

ordinatis.

Long. 42 ^t ; lat. 35-38-5 fx ; lat. isthm. 16-19/4 ; crass. 21-27 ju.

Nos. and 1.

In some specimens the apices and the rounded sides of the vertical view appear to be

less granulate than the rest of the membrane. Its nearest ally is C. trachydermum,

supra, from which it differs in its elliptical semicells, more open sinus, and different

vertical view.

96. CosMARiUM Blyttii, Wille, Bidrag til Kundsk. om Norges Perskv. Alg. p. 25, tab. i.

fig." 7.

Long. 15-5 /*; lat. 13 /t; lat. isthm. 4/i; crass. 8*5 ju.

Nos. 0, 1, and 3.

97. CosMAiiiuM SPYRIDION, nov. sp. (PI. VIII. fig. 26.) C. minutum, paullo latius quam
longuni, modice constrictum, sinu aperto et obtuso ; semiccllulae hexagono-ellipticse,

angulis lateralibus rotundatis granulis parvis tribus prteditis, infra apicem utrobique

concavis, apicibus truncatis minutissime 4-granulato-undulatis, intra angulos laterales

granulis minutis 3-4, in centro papilla instructis ; a vertice visa? ellipticae, minute
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granulatae, in medio utrobique papilh\ iiistructa? ; a latere vis^ 8ubrotimda>, papilla
mediana utrobique instructse

; pyrenoidibus singulis.

Long. ll-5-12-5^^; lat. max. semicell. 12-5-13-5^.; lat. ad apic. 7-7-S-5,,; lat. isthm.
5"5-6*5/i ; crass. 9ju.

No. 3.

98. CosMAEiUM ABRUPTTJM, Lund. Desm. Suec. p. 43, tab. ii. fig. 22.

Var. GEANULATUM, noY. var. (PL VII. fig. 32.) Var. ccllulis granulis parvis in ambitu
toto et intra marginem ornatis.

Long. 14-15 IX ; lat. 13'5-14-5 fi ; lat. isthm. 4 ^ ; crass. 8-5 ^.

Nos. 0, 1, 3, and 18.

99. CosMARiuM HAABOLiENSE, Wille, Bidrag til Kundsk. cm Norges Perskv. Alg. p. 25,

tab. i. fig. 6.

Var. PEOTRACTUM, nov. var. (PI. VII. fig. 13.) Var. semicellulis truncato-pyramidatis,

angulis inferioribus rotundatis, sub apicibus leviter retusis, apicibus late truncatis.

Long. 23 fx ; lat. 22 /u ; lat. apic. 14 fx ; lat. isthm. 8 ^ ; crass. 13 /t.

No. 0.

100. CosMARiUM DiCHONDRUM, nov. sp. (PI. VII. fig. 12.) C, parvum, paullo longius

quam latum, profunde constrictum, sinu lineari extreme subampliato; semicellulse

ellipticse minute et irregulariter granulatse, granulis inagnis binis in medio intra

apicem ; a vertice visse ellipticse, utrobique granulis magnis binis instructis; a

latere visa^ circulares, granulo magno utro])ique ad apicem.

Long. 21 ;u; lat. 19 /u; lat. isthm. 6/u; crass. 11*5/*.

No. 18.

Compare with C. haaholiense, Wille [l. c), and C. trigemmatum, Delp. (Desm. Subalp.

p. 109, tab. 7. figs. 59-61).

101. CosMARiUM TRIPAPILLATUM, nov. sp. (PI. VII. fig. 24.) C. minutum, tarn longum

quam latum, modice constrictum, sinu sublineari ; semicellulae elliptico-oblonga?,

apicibus late truncat^e, membrana minute granulata, granulis circiter 5 latere uno.

quoque, apicibus indistiucte granulatis, intra apicem unumquemque serie horizontali

granulorum trium majorum; a vertice visae elliptical, in medio utrobique granulis

tribus pra^dit^; a latere visae subglobosa), granulo singulo in parte superiore

lateris uniuscujusque instructae.

Long.=rlat.=15-4-17-3/«; lat. isthm. 6'5- 7*5 ^u; crass. 9-10-5^.

No. 3.

Compare with C. polymorphum, Nordst. (Pesm. Brasil. tab. iii. fig. 31).

SECOND SERIES.—BOTAXY, VOL. V. ^
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Var. ALASTRENSE, nov. var. (PI. VII. fig. 25.) Yar. minor, granulis majoribus in toto

ambitii prsedita.

Long.=lat.= 13"5 ju ; lat. istlim. 4*8 fx ; crass. 7"7 /n,

No. 86.

102. CosMARiTJM TRIORDINATUM, noY. sp. (PL YII. fig. 27.) C. parvum, pauUo latins

quam longum, profunde constrictnm, sinu lineari extrenio non ampliato ; semi-

cellulse oblongae, lateribns rotnndatis, apicibns snbrectis, lateribus grannlis acntis

6-7, grannlis intra n'arginem lateralem ntrnmqne snbirregnlariter ordinatis, grannlis

ad apicem mnlto minoribns, in centro seriebns tribns verticalibns grannlornni

magnorum, qnatnor in serie utraqnaque ; a vertice visge ellipticse, in medio utro-

biqne leviter inflatse crenis tribns instructse, ad polos rotnndatos grannlis acntis

(circa 6) et aliis intra marginem snbirregnlariter dispositis; a latere visae depresso-

globossB (IJ-plo latins qnam longins), lateribns 4-crenatis.

Long. 25-27 m ; lat. 29-31 1^ ; lat. isthm. 10-5-11-5 [x ; crass. 17-18*5 ^u.

No. 0.

103. CosMAMUM KiECHNERi, Bocrg. Bidrag til Bornholms Desmidic-Plora, p. 113,

tab. vi. fig, 3. {C. tracliyplem'um, Lnnd., var. verrucosum, Kirchn. Alg. Scbles.

p. 151.)

Var. UNIEORME, nov. var. (PI. Vll. fig. 18.) Var. minor, semicellnlis papillis minus

nnmerosis et plus regnlaribus, papillis in ambitn toto (non reductis ad apicem), in

centro verrncis seqnalibns 7 (6 periphericis, 1 centrali).

Long, sine pap. 49 ^ ; lat. sine pap. 41 f.i ; lat. istlim. 15 fx ; crass. 31 p..

No. 0.

104. CosMARiiJM TRACHYPLEURTJM, Lund. Dcsm. Succ. p. 27, tab. ii. fig. 12.

Var. SPINOSUM, nov. var. (PI. VII. fig. 17.) Var. semicellnlarnm angulis inferioribus

minus rotund atis, lateribns spinis brevibns et intra marginem seriebus (circ.) 3

spinarimi brevium obsessis, apicibns grannlis parvis acntis paucis ornatis ; semicel-

lulse a vertice visas angustiores.

Long. 42-43 ^t ; lat. sine spin. brev. 38-38'5
a* ; lat. isthm. 12-5-13 n ; crass. 22 ^i.

No. 36.

This variety seems to connect C. fpachypleuriim, Lund., and C. Kirchneri, Boerg.

105. CosMARiUM TAxiCHONDRUM, Lund., Dcsm. Suec. p. 39, t. ii. fig. 13.

Long. 39^*; lat. 32-5^* ; lat. isthm. 9-5 ^«; crass. 20^1. (PL VII. fig. 2.)

No. 0.

Var. EMARGINATUM, nov. var. (PL VII. fig. 3.) Var. semicellnlis supra angulos in-

feriores biundulatis, in centro grannlis in seriebns tribns horizontalibus, 4 iu serie
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superiore, 3 in seric mediana, 4 in serie inferiore, gianulo suj^ra istlimiira nullo; a
yertice visis polis eniarginatis, lateribus medio utrobiquc -ranulis tril)us, granulis
quattuor intra marginem iustructis.

Long. 39 /I
; lat. 38 ju; lat. isthm. 15 /^ ; crass. 21 /i.

No. 0.

This variety is very similar to Cosmarlmn taxwhondnim, Lund., var. hUentulum,
Lagerli. (Bidrag till Amerikas Desmidie-riora, p. 237, tah. xxviii. fig. 8), but has tlic

central granules diflPerently arranged, is without the large sharp granule above tlic

isthmus, and also has two undulations above the subtruncately toothed basal angles.

Var. SUBUNDTJLATUM, Boldt, Siber. Chlorophylloph. p. 101, taf. v. fig. 4.

Torma subdenticulatum. (PL VII. fig. 4.) Forma lateribus subdenticulatis (non uii-

dulatis), granule supra isthmum nullo ; a vertice visa polis triundulatis.

Long. 26-27 ju ; lat. 24-25'5 ^t ; lat. apic. 14-5-16/u ; lat. isthm. 6-7-5^; crass. 15 /i.

No. 1.

Var. DENTATUM, nov. var. (PI. VII. fig. 5.) Var. minor et paullo latior quam longa
;

semicellulis subangularibus, apicibus late truncatis, angulis superioribus inferiori-

busque dente instructis, lateribus tridenticulatis, serie dentium 4 intra apicem,

serie granulorum 3 in centro, et granulo singulo supra istlmium ; a vertice visis

polis triangulatis, in medio utrobique triangulatis, intra marginem dentibus 4

prseditis ; a latere visis subrotundis, apice subtruncato, angulis superioribus uniden-

tatis, lateribus granulis duobus obsessis.

Long. 27 /< ; lat. 31*5 ^i ; lat. apic. 20 /i; lat. isthm. 9o ^ ; crass. 19^.

No. 0.

On comparing the var. dentatum w itlj the typical C. taxichondrum they hardly seem

to belong to the same species, but var. siibundulatum, with its forma suhdenticidatum,

certainly connect the two.

Var. COMPRESSUM, nov. var. (PI. VII. tig. 6.) Var. IJ-plo latior quam longa, semi-

cellulse subangulares, apicibus subtruncatis, angulis inferioribus rectangularibus

prope basin ; in medio seriebus duabus granulorum apicem versus, 2 in serie

superiore, 3 in serie inferiore ; a vertice visse angustiores, polis bidentulatis, in

medio utrobique granulis tribus et duobus intra marginem instructac, mcmbran^

dense sed minute jmnctata.

Long. 31 /x; lat. 41^; lat. isthm. 14 /i; crass. 18 /x.

No. 0.

106. CosMAEiUM NOTOCHOXDBUM, nov. sp. (PL VII. fig. 1.) C. parvuui, li-plo latius

quam longum, profunde constrictum, sinu lineari ; scmicellulae rectangulares, angulis

inferioribus rectangularibus et apiculatis, angulis superioribus truncatis, in medio

latere unoquoque cum apiculo, apicibus levissime concavis, juxta apicem serie

k2
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"horizontali papillarum 4 ; a vertice yisse rliomboideo-ellipticse, polls tridenticulatis

jiixta margineni lateralem utrumque papillis 4 instructis ; a latere visae depresso-

ellipticae, apicibus subtrimcatis, angulis superioribus utrobique papilla singula

pryeditis.

Long. 19 /I ; lat. 24 n ; lat. isthm. 6*5 ju ; crass. 13*5 ju.

No. 1.

This species comes nearest to Cosmarium pseudotaxichondrum^ Nordst. (Nonnull. Alg.

Brasil. p. 20, tab. ii. fig. 5), but is smaller and proportionately broader at the apex

;

in front view it has an additional tooth at each side and fonr granules just within

the apex ; in vertical view it is more rhomboid, and has the grannies more pronounced

and loitliin the margins ; the poles are also trigranulate, and the side view is also

very much compressed (not globose), with one papilla on either side of tlie truncate

apex.

107. Cosmarium rostellum, nov. sp. (PL YII. fig. 19.) C. submediocre, circiter

1J-plo longius quam latum, profunde constrictum, sinn angusto-lineari ; semicellulse

truncato-pyramidatsB, angulis inferioribns obtuse apiculatis, lateribns leviter 5-6-

undulatis, angulis superioribus subrotundatis, apicibus subrectis, in centro granulis

5 instructis ; a vertice visse ellipticae, polls subacutis medio utrobique granulis

tribus instructis ; a latere visse subrotundatae, medio utrobique granulis binis

instructae ; membrana irregulariter punctata

Long. 46 iu ; lat. 36'5ju; lat. aplc. 21^; lat. isthm. 11 /i; crass. 20/*.

No. 0.

Porma minor. (PL VII. fig. 20.)

Long. 35 ft ; lat. 29 fx ; lat. apic. 17 n ; lat. isthm. 9 ^ ; crass. 13"5/i.

No. 0.

108. Cosmarium scitum, nov. sp. (PL VII. fig. 29.) C. parvum, paullo longius quam
latum, profunde constrictum, sinu angusto-lineari extremo ampliato ; semicellulse

truncato-pyramidatse, angulis inferioribus subrotundatis trigranulatis, lateribus sub-

rectis subconcavisve, intra apices subconvexos serie granulorum 5-6, granulis paucis

sparsis Intra ambitum totum, in centro granulis 5 in seriebus duabus (2 infra et 3

supra) ; a vertice visse eUipticse, polls subacutis in medio utrobique granulis tribus

instructis, intra marginem lateralem utrumque serie granulorum 5-6, granulis 2-3

utrobique prope polos ; a latere visse subsphaericse, apicibus truncatis, in ambitu toto

granulis distantibus 6 prsedita?
; pyrenoidibus binis.

Long. 28-32-5 fx ; lat. 26-29 fi; lat. isthm. 7*5-8 /t ; crass. ll-5-15'5 fx,

Nos. and 1.

This comes nearest to C. polymo7'phuni, Nordst.; *patUense, Boerg. (Desm. Brasil.

p. 943, tab. iv. fig. 28). It differs in its smooth apex and upper part of its sides, the

inferior angles alone being trigranulate ; the granules in the centre are differently

arranged, and the vertical view has subacute poles with only three median granules at
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the sides and with no granules within the poles; tlie side view also has the gran u](^s

distant from each other.

The stated magnifications of Bocrgesen's figures (/. c.) in his (lescrii)ti()iis of the plates

must certainly he wrong according to his own measurements in the text

!

109. CosMARiTJM ELABORATLM, nov. sp. (PL VII. fig. 15.) C. mediocrc, l-}-plo longius

quam latum, profunde constrictum, sinu angusto-lineari extremo suhampliato ; semi-

cellulse subsemicirculares apicibus levissime depressis, angulis inferioribus sub-

recta ngularibus, lateribus undulato-crenatis 5-6 majoribus sursum, apicilnis verrucis

rotundo-quadratis magnis i, intra apicem serie vcrrucarum magnarum 5 (vel C),

intra angulos inferiores granulis 1-3, in centro granulis 5-8 varie ordinatis ; a

vertice visse ellipticse, polls truncatis tripapillatis, verrucis magnis 5 (vel G) utro-

bique, intra marginem lateralem utrumque serie verrucarum magnarum (circ.) 8, in

medio de polo ad polum papillis binis 5 ordinata^ ; a latere visa? subcyathiformcs*

marginibus superioribus verrucis magnis duabus, marginibus inferioribus verrucis

minoribus duabus instructis, serie verrucarum magnarum intra marginem verticale

lateralem utrumque et in medio serie singula vertical! granulorura ; membraui\

delicatissime punctata.

Long. 53-54 fx ; lat. 10-5-42 ^u; lat. isthm. 15o-l7 /u ; crass. 28 ^,

No.O.

110. CosMARiUM suBSPECiosuM, Nordst. Desm. Arct. p. 22, tab. vi. fig. 13.

Var. TRTJNCATUM, nov. var. (PL VII. fig. 22.) Var. semicellulis apicibus magis truncatis

crenis 5, crenis laterahbus 6, crenis granulatis ut in forma typic^, supra isthmum

tumore granulate, granulis in seriebus verticalibus 6 ; a vertice visis tumore majore

;

a latere visis tumore basali prominentiore, apicibus truncatis.

Long. 42-5 jn ; lat. 34 fi ; lat. isthm. 15 /n ; crass. 20 /«.

No. 0.

Yar. EFFiGiATUM, nov. var. (PL VII. fig. 16.) Var. major, semicellulis crenis later-

alibus 8, subemarginatis (non granulatis), supra isthmum tumore granulato,

granulis in seriebus verticalibus confertis 7, a vertice et a latere visis tumore

majore.

Long. 74 /n ; lat. 51 /u ; lat. isthm. 17*5 ^ ; crass. 34 /x,

111. CosMARiUM GLYPTODERMTJM, nov. sp. * (PL VII. fig. 23.) C. submaguum, circitcr

IJ-plo longius quam latum, subraodice constrictum, sinu rotundo-excavato ;
sonii-

cellula? subsphairico-depressse, apicibus levitcr subtruncatis ; a vertice visa? circu-

lares; membrana depressionibus magnitudinum duarum quincuncialiter ordinatis

ornata, inter 2 depressiones majores binis depressionibus minoribus, circa unara-

* This was described in the MSS. and referred to in letters as C. sculptum ; but this name has since been occupied

by Eichler and Gutwinski, De nonn. Alg. nov., Krakow, 1894, p. 1G9, tab. iv. fig. 22.
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quamque depressioDem majorem 6 depressionibus minoribus ; semicellulse apicibus

depressionibus minoribus obsessse ; massa chlorophyllacea semicellularum laminis

lateralibus 5.

Long. 74-78 ^t ; lat. 49-51 ^ ; lat. istlim. 35-37 ^n.

Nos. and 1.

This Cosmarium differs from all allied ones in the fact that the granulate appearance is

produced by depressions of the membrane, and not by elevations. These depressions are

of two sizes, and they are quincuncially arranged in such a manner that between each

of the larger depressions, in either a vertical or diagonal line, there are tivo smaller

ones ; thus the smaller ones are arranged in hexagons around the larger. The hexagons

formed by the larger depressions always have two of their opposite sides horizontal.

112. Cosmarium, sp. (PL YIII. fig. 15.) C. parvum If-plo longius quam latum, pro-

funde constrictum, sinu aperto et obtuso ; semicellulse subhemisphsericae, angulis

inferioribus rotundatis ; a vertice visse late subellipticse et zygomorphicse ; a latere

visas obovatae et lateribus divergentibus rectis inaequalibus, apicibus obliquis.

Long. 28 ^t ; lat. 17 ^u ; lat. isthm. 7 n ; crass. 14 /u.

No. 8.

Only one example of this species was seen.

113. Cosmarium moniliforme, Ralfs, Brit. Desmid. p. 107, tab. xvii. fig. 6.

Long. 25 /i ; lat. 14'5 fx ; lat. isthm. 4 ^u. (PI. IX. fig. 30.)

Ko. 1.

Var. PUNCTATUM, Lagerh. Ueber ein. Alg. aus Cuba, Jamaica und Puerto-Itico, j). 197.

Long. 24 n ; lat. 14 ^ ; lat. isthm. 3-5 ^. (PL IX. fig. 31.)

No. 0.

114. Cosmarium goniodes, nov. sp. (PL VIII. fig. 8.) C. parvum, duplo longius quam
latum, paullo constrictum, sinu aperto ; semicellulse subcuneato-quadratse, lateribus

rectis, angulis superioribus truncatis, apicibus levissime concavis ; a vertice visa^

circulares ; membrana glabra.

Long. 16-20 ^t ; lat. 8-95 ft; lat. isthm. 6 /u.

No. 3.

The nearest allies to this species are C. exiguum, Archer, C. j^setidexigimm, Racib.,

and C. moniliforme, Ralfs.

115. Cosmarium contractum, Kirchn. Alg. Schles. p. 147.

Long. 31 iu ; lat. 23 ^ ; lat. isthm. 57 fi ; crass. 14-5. (PL VIII. fig. 5.)

No. 0.

116. Cosmarium ayersum, nov. sp. (PL VIII. figs. 6-7.) C. parvum, IJ-plo longius

quam latum, profunde constrictum, sinu apertissimo ; semicellulse obsemicirculares
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angulis superioribas rotimdatis, apicibus truiicatis; a vertice visjc subcirculares

;

membrana irregulariter punctata
;
pyrenoidibus singulis.

Long. 29-31 fi ; lat. 20-21 ^ ; lat. isthni. G-7 /i.

No. 1.

The nearest species to this is Cosmarium contractum, Kirchn., from wliich it differs

in the form of its semicells with truncate apices ; the sinus is also more open, and the

vertical view is very different.

117. Cosmarium zonaiuum, nov. sp. (PL VIII. fig. 13.) C. mediocre, circiier IJ-plo

longius qviam latum, leviter constrictum ; semicellula? semiellipticrc, in hasi angusti-

ores, apicibus levissime retusis ; a vertice visae circulares ; membranA, scrobiculatA,

sed zona glabra trans isthmum.

Long. 72-76 ^ ; lat. 46-49 ^ ; lat. isthm. 44 ^.

No. 0.

The scrobiculations appear to have zones round them which refract the liglit differently

to the rest of the membrane (fig. 13, e). This species is nearest to Penmm australe, Racib.

(Desmid. w pod. naokol. ziem. p. 7, tab. i. fig. 11), but it is more constricted and is of

a different form, with more truncate apices, which are slightly refuse ; the membrane is

also sparsely scrobiculate and not irregularly punctate.

118. Cosmarium pseudoconnatum, Nordst. Desm. Brasil. tab. iii. lig. 17.

Long. 50 n ; lat. 38 /u.

No. 0.

119. Cosmaeium viride, Josh, in Journ. Bot., Feb. 1885, tab. 254. fig. 3. (ColpopeUa

viridis, Corda, Almanach de Carlsbad, 1835, p. 206, tab. 2. fig. 28. Cosmarium

Cordanum, Breb. ex Rabenh Fl. Europ. Alg. iii. p. 177 ; C. Colpopelta, Breb. in

Pritch. Infus. ed. 1861, p. 734.

Long. 47-48 ^ ; lat. 25-5-27 i« ; lat. isthm. 22-23 n. (PL IX. fig. 27.)

No. 1.

120. Cosmarium coxicuM, nov. sp. (PL VIII. fig. 12.) C. parvum, circiter duplo longius

quam latum, leviter constrictum ; semicellulae truncato-conicae, apicibus rotundatis,

lateribus snbrectis, angulis basalibus rotundatis ; a vertice visae circulares
;
membrana

punctata, seriebus transversis 2 vel 3 prope basin, ceteris irregulariter ordinatis;

pyrenoidibus singulis.

Long. 37-42-5 ^i ; lat. 19-23 ^ ; lat. isthm. 18-21 a*-

No. 0.

This comes nearest to C. CucurUta, Breb., and C. PulangnUi, Breb., but differs from

them both in the form of its semicells, in its constriction and in its differently punctate

membrane.
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Geniis Arthb-Odesmtts, Ehrenb. ; Arcli.

121. Artheodesmus subtjlatus, Kiitz. Species Algar. p. 176. Porma spinis leviter

divergentibus et membrana, delicate punctata.

Long. 29 ju ; lat. sine spin. 27 ^i, cum spin. 52 /* ; lat. istlim. 7'5 ;t ; crass. 14'5 ^u.

(PI. IX. fig. 32.)

Larger form :

—

Long. 35 jit ; lat. sine spin. 36-5 yu, cum spin. 75 /n; lat. isthm. 7'5 ju. (PI. IX. fig. 32.)

ISTos. and 1.

In all the specimens observed the spines were slightly diverging and the membrane

finely punctate.

122. AuTHRODESMUS ARCUATUS, Josli. Burmese Desmid. in Journ. Linn. Soc. Bot.

vol. xxi. 1886, p. 654, t. xxiv. fig. 14. Porma paullo minor, spinis divergentior-

ibus et longioribus.

Long, sine spin. 31 ^, cum spin. 58 /n; lat. sine spin. 29 /n, cum spin. 56 fi ; lat.

sthm. 9 At ; crass. 15-5 fx. (PL VIII. fig. 18.)

No. 1.

123. ARTHRODESMrs MrcRONTJLATiis, Nordst. Desm. Brasil. tab. iv. fig. 58. Forma
angulis superioribus semicellularum cum spina brevi (non mucrone).

Long. 28 ^i ; lat. cum spin. 10 ju, sine spin. 325 fi; lat. isthm. 9 /t. (PI. VIII. fig. 16.)

Xo. 1.

Yar. ROBUSTTJM, nov. var. (PL VIII. fig. 17.) Var. major, semicellulis ellipticioribus,

spinis brevibus (non mucronibus) dorso ; a vertice visis angustius ellipticis

;

membana levi.

Long. 35 ju; lat. cum spin. 57 yu, sine spin. 46 jit; lat. isthm. 135 /n; crass. 19 jn.

No. 1.

Genu^s Statjrastrum, Meyen ; Kalfs.

12 L StxVurastrum Dickiei, Ralfs, Brit. Desmid. p. 123. tab. 21, fig. 3.

Var. MAXIMUM, nov. var. (PL VIII. fig. 19.) Var. duplo-major, a fronte visa spinis

recurvatis ; membrana minute punctata.

Long. 46 ^t ; lat. sine spin. 49 n ; cum spin. 65'5iu; lat. isthm. 11^.

No. 3.

125. Statjeastrtjm acanthophorum, nov. sp. (PL VIII. fig. 20.) S. parvum, paullo
latius quam longum (sine spinis), modice constrictum, sinu acuto et aperto

;

semicellulye ellipticae, utroque fine aculeo longo recto sed convero-ente instructa?

irregulariter et sparsim granulatie, circiter 12 in ambitu ; a vertice vis£e trian«'u-

lares, granulatse, lateribus concavis granidis circiter 6 latere unoquoque, an^-ulo

unoquoque rotundato, spina singula longa recta instructaj.

Long. 17'5 in; lat. sine spin. 19 ^u; lat. cum spin. 32 ft; lat. isthm. 7 ^.

No. 3.
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It differs from S. mcMei, Halfs, var. gramilatum, Hoy et Biss. (Jap. Dcsniid in
Journ. Bot., July 1886, p. 238), in being much smaller, in its more narrowly
elliptical semicells, its longer and straigliter spines, and m the coarser and more
distant granules.

126. Staurastrum PSEIJDOCIJSPIDATUM, Koy et Biss. Jap. Desm. in Journ. Bot. 1880
p. 237, tab. 268. fig. 3.

Long. 21-22 fx ; lat. sine spin. 15-17 /i, cum spin. 27-28 /u ; lat. isthm. 5-5-r) «

(PL VIII. fig. 44)
Nos. 1 and 3.

127. Staitrastrum MONTicuLOSUM, Breb. in Menegh. Syn. Desm. p. 220 ; Ralfs, Brit.

Desmid. p. 130, t. xxxiv. lig. 9.

Var. BiFARiuM, Nordst. Bidrag till kiinn. sydlig. Xorges Desm. p. 31, fig. 14. Forma
minor. (PL VIII. fig. 21.)

Long, sine proc. 19 n, cum proc. 27 /t ; lat. c. acul. 23 /x ; lat. isthm. 7*5 ^.

No. 1.

128. Staurastrum fissijm, W. B. Turn. Preshw. Alg. of E. India, p. 110, tab. xiv. fig. 24.

Var. PERTissuM, nov. var. (PL VIII. figs. 22, 23.) Var. paullo raajus, processibus longi-

oribus apicibus bidenticulatis ; a vertice V]sa3 lateribus concavis.

Long. 19-23 /x ; lat. c. proc. 28-32"5 fi ; lat. isthm. 6-7 "6 a*. ,

'

No. 3.

129. STArRASTRUM ORNiTHOCEPHALiJM, nov. sp. (PL VIII. fig. 24.) S. parvum, paullo

latins quam longum (cum processibus), modice constrictum ; semicellulx' late

campanulatae, apicibus convexis cum verrucis duabus emarginatis intra marginera,

angulis in processus breves productis, cum crena singula utrobique infra apices,

capitatis apiculatis ; a vertice visas triangulares lateribus subconvexis, angulis pro-

ductis capitatis apiculatis cum crena utrobique in l)asi, cum verrucis duabus

emarginatis intra latus utrumque ;
membrana glabra.

Long. 23 fx ; lat. 26 ^u ; lat. isthm. 5-7 /«.

No. 0.

This Staurastrum seems to be unique ; the two emarginate warts just witliin tlie

margins of the vertical view can only be seen projecting when it is in an inclined

position.

130. Staurastrum orbiculare, Ealfs, Brit. Desm. p. 125, tab. xxi. fig. 5.

Var. DEPRESSUM, Boy et Biss. Jap. Desm. in Journ. Bot. 1886, p. 237, tab. 208. fig. 14.

Long. 19 fx ; lat. 19 /n ; lat. isthm. 7 n-

No. 0.

SECOND SERIES.—BOTANY, VOL. V.
^
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Yar. DENTicuLATTJM, Norclst. Desm. Brasil. in Kjob, Vidensk. Meddel. 1869 (1870), p. 224.

Torma minor. (PL VIII. figs. 40, 41.)

Long. 30-31 ix ; lat. 28-29 /n; lat. isthm. 95 /u.

Nos. 3 and 36.

131. Statjrastrum Bieneanum, Babenh. Alg. no.l 410. (S. orbictilare, Ralfs, var.

Bienemium, Babenh., PI. Europ. Alg. iii. p. 200.)

Long. 21 fx ; lat. 23-28 ^ ; lat. isthm. 8*5 /z.

No. 3.

132. Statjrastiitim hypocephalophorum, nov. sp. (PL VIIL fig. 25.) S. parvum, pauUo

latins qnam longum, profunde constrictum, sinu aperto ; semicellulse obtriangulares,

lateribns et apicibus leve convexis, angnlis subcapitatis, capitibus magnis conico-

obtnsis ; a vertice visas triangulares, lateribus levissime convexis, angulis subcapitatis,

capitibus magnis conico-obtusis ; membraua delicatissime punctata.

Long. 23 ^ ; lat. 25 ^ ; lat. istbm. 7'7 fx.

No.l.

133. Statjrastrum pygm^tjm, Breb. in Balfs, Brit. Desmid. p. 213, tab. xxxv. fig. 26

;

Babenb. PL Europ. Algar. iii. p. 220.

Var. APiCTJLATrM, nov. var. (PL VIII . fig. 26.) Var. minor, semicellulis angulis

apiculatis ; a vertice visis lateribus retusis, angulis apiculatis.

Long. 21 p. ; lat. 25 n ; lat. istbm. 7 /*.

No. 0.

134. Statjrastrum rugulosum, Breb. in Balfs, Brit. Desm. p. 214, t. xxv. fig. 19. Porma
semicellulis apicibus truncatis, a vertice visis lateribus plus concavis.

Long. 30 ju ; lat. 37 /u ; lat. istlim. 12 /x.

No. 0.

135. Staurastrum glaphyrum, nov. sp. (PL VIIL fig. 27.) >S. parvum, paullo longius

quam latum (sine processibus), profunde constrictum ; semicellulse obsemicirculares,

apicibus subrectis, angulis in processus glabros leviter divergentes productis,

apicibus tridentatis dentibus late divergentibus ; a vertice visse triangulares, lateribus

subrectis, angulis in processus glabros tridentatos productis ; membrana glabra.

Long. 14 ju ; lat. cum proc. 29 n, sine proc. circ. 11 /u ; lat. isthm. 4-4 p.

No. 1.

13G. Staurastrum bibrachiatum, Beinsch, Contrib. iVlg. et Pung. t. xvi. fig. 2.

Var. cymatium, nov. var. (PL VIIL fig. 28.) Var. cum processibus longioribus bidentatis

clare 6-undulatis (utrobique).

Long, sine proc. 12 ^u, cum proc. 46 /» ; lat. cum proc. 44-46 fx ; lat. isthm. 4-8-5'5 ^.

No. 3.

The body of this variety is rather smaller in proportion to the length of the arms than
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that of the typical form. One abnormal example (fig. 28, a') was noticed whicli had
the upper process on one side undeveloped.

Forma beevior. (PL VIII. fig. 29.) Forma processibus brcviorihus et triundulatis
(utrobique).

Long, sine proc. 11-5 i.l, cum joroc. 31 /x; lat. cum proc. 29 /.; lat. IsHith. 5-5 ^.

137. Staurasthum forcipatum, nov. sp. (PI. VIII. fig. 30.) S. parvum, paullo

longius quam latum (sine processibus), modice constrictum ; semicellula? hite cuneataj,

lateribus apicibusque leve subconvexis, angulis superioribus in processus longos

tenues glabros subcurvatos (leviter sigmatoideos) patentcs productis, apicibus uiii-

dentatis (ut visis) ; a vertice visa^ triangulares, lateribus subrectis, angulis in pro-

cessus longos tenues glabros curvatos (ut in *S'. cyrfoccro) productis, apicibus

forfi-culatis, dentibus magnis unguiculatis nodulo interjecto.

Long. 135 /u ; lat. sine proc. 115 /u; cum proc. 385/*; lat. isthm. 4/i.

No. 1.

This unique little Staurastrum is well characterized by its smooth arms with pincer-

like apices.

138. Staurastrum gracillimum, nov. sp. (PI. VIII. fig. 31.) S. parvum, paullo longius

quam latum (sine processibus), profunde constrictum ; semiccUula) obsemicircularcs

apicibus subconvexis, angulis superioribus in processus divergentes gracillimos

undulates attenuates longos productis, apicibus profunde bifurcatis ; a vertice visae

triangulares, lateribus subconvexis, angulis in processus gracillimos undulatos

productis ; membrana glabra.

Long, sine proc. 13*5 /u, cum proc. 42 fi ; lat. sine proc. 11*5 n, cum proc. 46 ^ ; lat. isthm.

4 /i.

No. 36.

This is much smaller and more delicate than ^S'. paradoxiwi, Meyen, var. longipes,

Nordst. (Bidrag till kiinn. sydlig. Norges Desm. p. 35, t. i. f. 17) ; its processes also

have only bifurcate apices.

Var. BiRADiATUM, n. var. (PI. VIII. fig. 32.) Var. semicellulis latioribus; a vertice

visis anguste fusiformibus, processibus rectis.

Long, sine proc. 10 yu, cum proc. 38 ^ ; lat. sine proc. 11'5 ^, cum proc. 50 w ; lat. isthm.

5/t ; crass. 3*8 /u.

No. 36.

139. Staurastrum hexacerum, Wittr. Om Gotl. och Oland Sottvat. Alg. p. 51.

{S. tricorne, Menegh. in Linnaea, 1840, p. 225.)

Forma trigona.

Long. 175 )u; lat. 23 /u; lat. isthm. 5'5/i.

No. 0.

l2
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Forma tetragona.

Long. 19 fx ; lat. 20 ^i ; lat. istlim. 6 jx.

No. 1.

140. Statirastrum incurvatum, nov. sp. (PL YIII. fig. 33.) S. parvum, IJ-plo latius

quam longum (cum processibus), profunde constrictum. ; semicellulse urniformes,

in basi inflatoe cum annulo granulorum acutorum, apicibus valde convexis

granulatis, angulis superioribus in processus incurvatos undulatos et punctato-

granulatos productis, apicibus tridenticulatis ; a yertice yisse triangulares, lateribus

concavis, in medio lateris uniuscujusque retusae et intra marginem (in medio

retusum) serie singula granulorum 6, angulis in processus undulatos et transverse

punctato-granulatos productis ; membrana punctata.

Long. 23 jit ; lat. cum proc. 36 |t ; lat. isthm. 5'5 ^u.

No. 3.

141. Staurastrum basidentatum, Borge, Chlorophyllopb. fran Norska Finmarken,

p. 8, fig. 5.

Var. SIMPLEX, Borge, 1. c. fig. 6. (PL YIII. fig. 45.)

Long. 21 ju ; lat. cum proc. 31 jtt ; lat. isthm. 9 ju.

No. 0.

142. Staurastrijm subgemmulatum, nov. sp. (PL YIII. fig. 34.) S. parvum, pauUo

latius quam longum (cum processibus), modice constrictum ; semicellulse late

cuneatse, apicibus convexis glabris, angulis superioribus in processus breves validos

granulates liorizontales productis, apicibus truncatis; a vertice visas sexradiatse,

processibus conicis granulatis truncatis, angulis inter processus subrectangu-

laribus, in centre glabrae.

Long. 33 |u ; lat. cum proc. 38 ju ; lat. isthm. 10 fx.

No. 0.

This is nearest to >S'. gemmulatum, W. B. Turn. (Ereshw. Alg. of E. India, p. 114,

tab. xiii. fig. 26), but differs in the absence of the apical gemmules, in its smaller size,

and in having the processes in front view horizontal and sparsely granulate (not striolate).

Compare also with S. polymorphum, Breb.

Yar. GRACiLius, nov. var. (PL YIII. fig. 35.) Yar. semicellulis granulis paucioribus,

processibus minus validis apicibus minute tridenticulatis.

Long. 27 fi ; lat. cum proc. 38 ^ ; lat. istlim. lOjit.

No. 0.

143. Stalrastrum Baronii, nov. sp. (PL YIII. fig. 36.) S. parvum, paullo latius

quam longum (cum processibus), profunde constrictum ; semiceUulse late campanu-



THE FEESHWATEK ALG^ OF MADAGASCAR. 77

latce, apicibus rectis (prope medium) crenis biuis l)i(lenticulatis, angulis superioril)us

in processus bicrenatos productis, creuis acute apiculatis, apicibus tridenticulatis

;

avertice vissc triangulares, lateribus concavis G-crenatis, crenis acute apiculatis;

a fronte et a vertice visae denticulis parvis paucissimis praiditai.

Long. 27 itt : lat. cum proc. 31 ^ ; lat. isthm. 8-5 ^.

No. 0.

144. Statjrastrum gracile, Ralfs, Brit. Desm. p. 136, tab. xxii. fig. 12.

Var. VERUUCOSUM, noy, var. (PI. IX. fig. 1.) Var. semicellulis apicibus verrucis emar-

ginatis ornatis ; a vertice visis serie verrucarum emarginatarum intra margiii(»in

unumquemque lateralem.

Long. 35 /i ; lat. cum proc. 69 fi ; lat. isthm. 135 ^.

JSTo. 3.

Var. CYATHIFORME, nov. var. (PL IX. fig. 2.) Var. semicellulis cyatiiiformibus sub-

ventricosis prope basin, lateribus denticulato-undulatis, apicibus convexis verrucis

emarginatis ornatis, apicibus processuum dentibus minoribus ; a vertice visis serie

verrucarum emarginatarum intra marginem unumquemque lateralem ; membranA

punctata.

Long. 56 n ; lat. cum proc. 88 /t ; lat. isthm. 9*5 /*.

Nos. 18 and 36.

Compare witb S. p^acile, Ralfs, var. curium, Nordst. (Desm. Brasil. tab. iv. fig. 53),

and var. suhventricosum, Bcerg. (Desm. Brasil. p, 952, tab. v. fig. 50).

Var. UNISEMATUM, nov. var. (PI. IX. fig. 3.) Var. semicellularum apicibus cum

granulis acutis ; semicellulse a vertice visis lateribus plus concavis, intra marginem

unumquemque lateralem serie granulorum priedit^e.

Long. 27 A* ; lat. cum proc. 49 fx ; lat. isthm. 8 fx.

No. 0.

Var. PUSILLUM, nov. var. (PL IX. fig. 4.) Var. minor, semicellulis a fronte et a vertice

visis lateribus et processibus profunde undulatis (con denticulatis).

Long. 21 fx ; lat. cum proc. 41 n ; lat. isthm. 5 /i.

No. 3.

Compare with S. gracile^ Ealfs, var. tenuissimum, Boldt. (Siber. Chlorophyll, Lif. v.

fig. 29.)

Var. CONVERGENS, nov. var. (PL IX. fig. 5.) Var. semicellulis subinflatis et in l)asi

denticulatis, apicibus convexis et subglabris, processibus curvatis et convergentibus.

Long. 29 /u ; lat. cum proc. 53 /u ; lat. isthm. 7'5 /t.

No. 3.
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145. Staurastbum tjndtjlatum, nov. sp. (PL VIII. fig. 37.) 'S'. parvum, circiter IJ-plo

longius qiiam latum (cum processibus), profunde constrictum ; semicellulse sub-

campanulatse, in basi ventricosse, apicibus truncatis et subundulatis, angulis

superioribus in processus profunde undulatos productis, apicibus bidenticulatis ;

vertice visse triangulares, lateribus concavis et subundulatis, angulis processibus

undulatis productis apicibus unidentatis.

Long. 17 /It ; lat. cum proc. 38 in ; lat. isthm. 5-5 ju.

No. 18.

146. Statjrastrum excavatum, nov. sp. (PL VIII. fig. 42.) S. parvum, 3-plo latius

quam longuni (cum processibus), profunde constrictum, sinu aperto et obtuso
;

semicellulse late campanulatse, apicibus profunde concavis, angulis superioribus in

processus longos subpatentes rectos undulatos attenuates productis, apicibus

tridenticulatis ; a vertice visse fusiformes, polls in processus leviter curvatos

productis ; membrana glabr^.

Long. Id /n ; lat. cum proc. 46/* ; lat. sine proc. circ. 12 /t ; lat. isthm. 4*5 /w ; crass. 6 /n.

No. 3.

This species differs from allied forms in its subpatent processes, its large apical

excavation, and fusiform vertical view. It is somewhat similar to S, paradosum, Meyen,

var. longipes^ W. B. Turn. (Preshw. Alg. of E. India, p. 125, tab. xv. fig. 4 c, non a-b, d-e),

non Nordst. (Sydlig. Norges Desm. p. 35, fig. 17).

147. Staurasteum exile, nov. sp, (PL VIII. fig. 38.) S. parvum, psene duplo longius

quam latum (sine processibus), profunde constrictum; semicellulse campanulatae,

apicibus minute biundulatis, angulis superioribus in processus parallelos 3-undulatos

(non-granulatos) productis, apicibus subemarginatis ; a vertice visae triangulares,

lateribus leve biundulatis, angulis in processus 3-undulatos productis ; membrana
glabra.

Long. 13*5 IX ; lat. cum proc. 23 n ; lat. isthm. 3 /u.

No. 3.

Compare with S. paradoxum, Meyen, var. depressum, W. B. Turn. (Preshw. Alg.

of E. India, p. 125, tab. xv. fig. 5).

148. Staurastrltm texuissimum, nov. sp. (PL VIII. fig. 43.) *S'. parvum, circiter tarn

longum quam latum (sine processibus), profunde constrictum ; semicellulee obsemi-
circulares, apicibus subconcavis, angulis superioribus in processus longos tenuissimos

curvatos divergentes et levissime undulatos productis, apicibus minute triden-

ticulatis ; a vertice visae triangulares, lateribus subrectis, angulis in processus^

tenuissimos productis, apicibus tridenticulatis ; membrana glabra.

Long, sine proc. 10 /t ; lat. sine proc. 95 ju, cum proc. 32 /u ; lat. isthm. 3 /i.

No. 0.
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149. Statjeastrum pseudotetracerum, nob. (PL VIII. fig. 39.) {S. contorttim, Dclp.,
var. pseudotetracerum, Nordst. Freshw. Alg. of New Zeal. & Austr p 37. tab iv'

%. 9.)

Long, sine proc. 19-21^; long, cum proc. 23-2G^t; lat. cum proc. 24-26^; kt.
isthm. 7*5 /u.

No. 18.

150. Staurastrum volans, nov. sp. (PI. IX. jBgs. 10-11.) S. parvum, duplo longius
quam latum (sine processibus), modice constrictum, sinu aperto et obtuso ; scmi-

cellulae cyatbiformes, apicibus valdc convexis, angulis supcrioribus in i)rocessus

divergentes curvatos (sursum) profundc 5-undulatos attenuates productis, apieibus

bifurcatis; a vertice visse globosae, processibus binis rectis undulatis attenuatis

instructae ; membrana glabra.

Long. 18-19^; lat. sine proc. 9-5-10-5/I, cum proc. ti-18/x; lat. isthm. 3-8-4 fi

;

-crass. 8-95 yu.

Nos. 1 and 3.

151. Staurastrum leptocladum, Nordst. Desm. Brasil. p. 218, tab. iv. fig. 57.

Yar. CORNUTUM, Wille, Bidrag till Sydam. Algfl. p. 19, tab. i. fig. 39.

Long. 31-83 /u; lat. cum proc. 59-82 /i ; lat. isthm. 4'5-7"5
^< ; crass. 13-5 /x. (PL IX.

figs. 12-13.)

Nos. 0, 1, 3, and 36.

It is a curious fact that out of a large number of examples examined this variety only

occurred, not a single specimen of the type being seen. In examining a large number

of examples from the United States of America also, not one type specimen was met

with; W. B. Turner remarks the same thing with regard to the Indian specimens

{Freshw. Alg. of E. India, p. 123).

152. Staurastrum aj^nulatum, nov. sp. (PL IX. fig. 7.) S. parvum, paullo latius

quam longum (cum processibus), modice constrictum ; semicellulse forma incudis

apice convexge spinis brevibus omatse, apicibus processuum triaculeolatis, in basi

inflatse seriebus horizontalibus duabus granulorum (granulis supcrioribus majoril)us)

praeditae ; a vertice visae triangulares, lateribus concavis a spinis circiter 11 ornatis,

intra marginem unumquemque serie spinorum, angulis in processus breves apicibus

triaculeolatos productis.

Long, cum spin. 32o/u; lat. cum proc. 36/*; lat. isthm. 10'5 /*.

No. 0.

This differs from *S'. aculeatum, Menegh., var. ornatum, Nordst. (Desmid. Spetsb. p. 40,

tab. vii. fig. 27), in its smaller size, its longer processes, its fewer, shorter, and simple

spines, and in its basal inflation having two rings of granules ; the vertical view also has

a series of spines within each lateral margin.
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Tlie numerous specimens of Stcmrastrum aculeatmn, Menegh., examined from

N, America and Britain agree so ^ell with the figure given by Italfs (Brit. Desm. tab.

xxiii. fig. 2) that it is probable that the above variety of Nordstedt is another species.

153. Staurastrum tohopekaligense, Wolle, Ereshw. Alg. of U.S. of Amer. p. 45,

pi. 59. figs. 4, 5. . .

Yar. TRiFURCATUM, nov. var. (Pi. IX. fig. 8.) Var. processibus paullo brevioribus,

apicibus trifurcatis, dentibus validis divergentibus ; processibus tribus ad angulos a

fronte visis minus patentibus.

Long, sine proc. 39 ^, cum proc. circ. 70 /i ; lat. sine proc. circ. 30 fx, cum proc. 70 /t;

lat. isthm. 13 jit.

No. 3.

S. nonanum, W. B. Turn. (Ereshw. Alg. of E. India, p. 119, t. xv. figs. 14-15), seems

to be a form of this species with more globose semicells, which cause the three processes

at the angles to be more distant from the base of the semicells.

Yar. QUADBANGrLARE, uov. var. (PL IX. fig. 9.) Yar. processibus apicibus trifurcatis,

dentibus minoribus; semiccUulse a vertice visae quadrangularcs, lateribus rectis

subconcavisve.

Lat. cum proc. 52-67 ^.

No. 3.

This differs from the previous variety in its quadrangular vertical view and in the

processes being more slender and not having the large trifurcate apices. S. nonanum,

W. B. Turn., forma quadi^angulare, W. B. Turn. [l. c), is similar to this, but has shorter

processes bifurcate at the apices, and the sides of the vertical view are convex.

154. Staurastrum tetraceri'M, Ealfs, Brit. Desm. p. 137, tab. xxiii. fig. 7.

Long, cum proc. 18-23 ju ; lat. cum proc. 18-19 /t ; lat. isthm. 2-5-3-5 yu ; crass. 5 /u.

Nos. 1 and 3.

Yar. UNDTJLATUM, nov. var. (PI. IX. fig. 6.) Yar. processibus distincte undulatis et

apicibus processuum emarginatis.

Long, sine proc. 11 ^u, cum proc. 27 n ; lat. cum proc. 27 /n ; lat. isthm. 5 ^u ; crass. 6iu.

No. 3.

Class CCENOBIE^,

Order PEBIASTBE^.

Genus PEDiASTRrM, Meyen.

155. Pediastrtjm coxstrictum, Hass. Brit. Ereshw. Alg. p. 391, t. 86. figs. 15, 16

;

Rabenh. El. Europ. Alg. iii. p. 77 ; Cooke, Brit. Ereshw. Alg. p. 42, pi. 17. fig. 2.

Diam. coenob. 48-54 /u ; diam. cell, periph. 9-5-125 n.

Nos. and 3.
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156. Pediastrum duplex, Meyen, Beob. iiber Algenfl. p. 772. tab. 13, figs. 6-10, (^t

figs. 16-19. {Pediastrum pertusum, Kiitz. Pbycolog. Germ. p. 113; llabenh. PI.

Europ. Alg. iii. p. 75.)

Var. CLATHRATrM, A. Br. Alg. Unicell. p. 93; Beinsch, Algcnfl. von Prank, pp. 93-94,
tab. X. fig. V. (PL IX. figs. 41, 42.)

Diam. coenob. 73-79 p. ; diam. cell, periph. 115-17 /jl.

Nos. 1, 3, and 18.

Var. ASPERUM, A. Br. Alg. Unicell. p. 93.

No. 0.

157. Pediastrum tetras, Ralfs, in Ann. Nat. Hist. vol. xiv. p. 409, tal). xii. fig. i;

Brit. Desmid. p. 182, t. xxxi. fig. 1. (Micrasterias tetras, Elircnb. Infusoria, p. 155,

n. 182, tab. xi. fig. 1.)

Porma a. Dispositio cellulariim 4. (PL IX. fig. 40.)

Nos. 1 and 3.

Porma h. Dispositio celhilarum 1 + 7. (PL IX. fig. 39.)

Nos. 0, 1, 18, and 22.

158. Pediastrum enoplon, nov. sp. (PL V. figs. 1, 2.) P. coenobiis orbicularibus,

e cellulis 16-64 formatis consociatis; eellulis periphericis late oblongis (2i-3J-plo

latioribus quam longis) et curvatis, in medio exteriore cellula3 uniuscujusque spina

longa valida attenuata ornatis, apice truncato-emarginatis ; cellulis centralibus

riradiatis ad fines connexis, aperturis magnis inter eas ; membrana cellularuin

glabra vel cellulis vetustis punctata.

Diam. coenob. 98-160 f.i\ diam. cell, peripli. 115-26 ^u; long. spin. 19-27 /i ; crass.

spin, ad bas. 4-6 fx ; crass, spin, ad apic. 1-1 '8 ^.

No. 36.

This characteristic species differs from all others in the form of its cells, in its long

single peripheral spines, and in the large apertures.

Order SORASTEE^.

Genus Staurogenia, Kiitz.

159. Staurogenia emarginata, nov. sp. (PL V. fig. 25, 20.) S. cellulis coenobii 2-4,

paullo longioribus quam latis, subhexagonis, angulis rotundatis, lateribus rctusis,

apicibus profunde emarginatis. Propagatio fit cellulis filialibus quatuor in ceUula

matricali ortis.

Long. cell. 11-12 /u; lat. ceU. 12-5-14'5 /u.

No. 1.

Genus Ccelastrum, Nag.

160. Ccelastrum sph^ricum, Niig. (Ccelastrum Ndgelii, Eabenh. PL Europ. Alg. iii.

p. 79, pro parte.)

No. 3. .

SECOND SERIES.—^BOTANY, VOL. V. ^
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Class PMOTOCOCCOIDE^.

Order EHEMOBI^.

Genus Ophiocytium, Nag.

161. Ophiocytium cochleaee, Nag., Eabenh. PL Europ. Alg. iii. p. 67.

Nos. and 1.

Genus Oocystis, Nag.

162. Oocystis solitaria, Wittr. in Nordst. et^Wittr. Alg. Exsic. no. 24j4.

Nos. 3 and 22.

163. Oocystis crassa, Wittr. 1. c. no. 355.

No. 3.

164. Oocystis elliptica, West, Alg. Eng. Lake District, in Journ. Roy. Micr. Soc,

Dec. 1892, p. 736, pi. x. fig. 56.

Eorma minor, West, 1. c. (? Sydrocytkmi macros'porwm^ W. B. Turn. Freshw. Alg. of

E. India, p. 154, tab. xx. fig. 32.)

Long. cell. 17-22 /x ; lat. cell. 7-8*5 ^. ; fam. 4 cell. 23x36 /u. (PL V. figs. 13, 14.)

No. 3.

Order PROTOCOCCACEiE.

Genus Glceocystis, Nag.

165. Glceocystis vesiculosa, Nag. Gatt. einzell. Alg. p. 66, tab. iv. fig. E ; Rabenb.

El. Europ. Algar. iii. p. 29.

Nos. and 1.

Genus Rhaphidium, Ktitz.

166. Rhaphidium polymorphum, Eresen. in Abhandl. der Senckenb. naturf. Gesellsch.

ii. p. 199, tab. viii. ; Rabenb. El. Europ. Alg. tab. iii. p. 44.

Yar. ACICULARE, Rabenb. 1. c. (Mo/phidium acicularCf A. Br. in Rabenb. Alg. no. 4i2.)

Nos. 1 and 18.

Var. FALCATUM, Rabenb. 1. c. {Micrasterias falcata, Corda, Almanach de Carlsbad, 1835,

p. 121, tab. ii. fig. 29.)

No. 18.

Genus Scenedesmus, Meyen.

167. Scenedesmus bijugatus, Kiitz. Syn. Diat. p. 607 ; Lagerh. Stockolm. Ped.

Protoc. och Palmell. p. 60. (PL IX. fig. 38.)

Nos. 0, 3, and 18.
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168. ScENEDESMUS DENTICULATUS, Lagerli. Bidrag till Stockli. Ped. Protoc. ocli Palmell.

p. 61, tab. 2. jfigs. 13-16.

Var. ZIG-ZAG, Lagerh. 1. c. fig. 17.

No. 18.

Var. LINEARIS, Hansg. Prodr. der Algenfl. von Bohmen, p. 268. {Scenedcsmus denticu-

latus, Lagerh. var. lineatus. West, Freshw. Alg. of W. Ireland, p. 193, pi. xviii.

fig. 7.)

Long. cell, sine dentic. 7'5-9-5 n ; lat. cell. 2-3 5 ^.

Nos. 3 and 18.

Var. LUNATUS, nov. var. (PI. V. figs. 11, 12.) Var. cellulis 2-4 in seriem rectam dis-

positis, cellulis medianis ellipticis rectis, tcrminalibus extrorsum lunatis; apicibus

cellularuni 3-dentic ulatis.

Long. cell. 95-11 ju ; lat. cell. 35-4 /t.

No. 3.

169. SCENEDESMUS QUADRiCArDA, Brcb., Ealfs, Brit. Desmid. p. 190, tab. xxxi. fig. 12 a-f.

(PI. V. figs. 4, 5.)

Nos. 0, 1, 3, 18, and 22. "
'

Var. ABTJNDANS, Kirclm. Alg. Schles. p. 98.

No. 3.

Var. MAXIMUM, nov. var. (PI. V. figs. 9, 10.) Var. duplo-major, cellulis crassis, spinis

longis validis extrorsum curvatis.

Long. cell. 27-36 ^ ; lat. ceU. 9-11-5 fx.

Nos. 3 and 36.

Var. iNSiGNis, nov. var. (PL V. figs. 7, 8.) Var. cellulis 4 in seriem rectfira dispositis,

unaquseque cellula cum spira brevi singula, 2 simul ad dextcram, 2 simulad sinistram,

cellulis tcrminalibus spina singula longa sigmoidea alternatim dispositA,; membran^

punctato-granulata.

Long. cell. 10-5-12'5 /u ; lat. cell. 4-5 /n.

No. 3.

Var. ELLiPTicuM, nov. var. (PI. V. fig. 6.) Var. cellulis perfecte ellipticis, 4 in seriem

rectam dispositis, cellulis terminaUbus spinis binis validis curvatis extrorsum. cellulis

medianis spina singula curvat^ extrorsum alternatim disposita ornatis.

Long. cell. 14*5-15 /.i ; lat. cell. 7'5 ]u.

No. 1.

170. SCENEDESMUS OBLiQUUs, Kiitz. Sju. Diat. p. 609 ; Lagerh. Pediast. Protoc. och

PalmeU. p. 64. {Achriauthes obliqua, Tui'p. Scenedesmus acutus, Mcycn, Ualfs, Brit.

T»^^cT^-. +r.V> trv^vk ifin. 1/1,. INJoo. rioff o^r^'7(^^^ Alo" tab V. A. fiiT. 3.)

j/aimeu. p. o^. {jicnnamnes ooLiqua, xtup. ovt^nvuvcmtito n^i^^^^^,

Lesm. tab. xxxi. fig. 14 ; Nag. Gatt. einzell. Alg. tab. v. A. fig. 3 )

m2
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Var. DiMOEPHTJS, Eabenh. F\. Europ. Alg. iii. p. 64^. {Aclmanthes dimorpha, Turp,)

Nos. and 1.

Genus Tetraedron, Kiitz.

171. Teteaedron minimum, Hansg. in Hedwigia, 1888, p. 131. {Fohjedriimi minimum,

A. Er. Alg. UnicelL p. 91.)

Diam. cell. 75-11-5 ^ ; crass, cell, 6'5 ^.

Forma 3-goiia.

Forma 4-gona.

Forma 5-gona. (PI. V. fig. 18.)

No. 3.

Forma apiculatum, Eeinsch, Familise Polyedriarum Monographia, in Notarisia, 1888,

no. 11, p. 499, tab. iv. fig. 2 c.

Diam. cell. QS-lSo fi ; crass, cell. 5-5 /«. (PI, Y. fig. 19.)

Nos. 3 and 36.

172. Tetraedeon tumidulum, Hansg. in Hedwigia, 1889, p. 18. (Folyedrlum tum,i-

dtdtim, Heinsch, 1. c. p. 506, tab. vi. fig. 3 b.)

Forma. Diam. 17-23 /i. (PI. V. fig. 20.)

No. 36.

173. Tetraedron regtjlare, Kiitz. Phycolog. Germ. p. 129. [Polyedrium tetra'edricumt

Niig. Gatt. einzell. Alg. p. 81, tab. iv. B. fig. 3.)

Diam. cell, cum spin. 21-23 n, sine spin. 19-20 ju.

No. 0.

174. Tetraedron pentaedricum, nov. sp. (PL Y. figs. 15-16.) T. cellulis parvis

pentaedricis, lateribus concavis, angulis subrotundatis, a spinis singulis curvatis

instructis.

Diam. sine acul. 10-15 ^ ; diam. cum acul. 17-25 n ; long. acul. 4*5-5*5 ^.

No. 3.

Forma minima. (PI. Y. fig. 17.)

Diam. sine acul. 6 ^ ; diam. cum acul. 10 n.

No. 3.

Class FSYCOCEMOMACE^.

Order RIYULARIACE^.

Genus Glceotrichia, J. Ag.

175. Glceotrichia Pisum, Thuret,Essai de classif. des Nostoc. in Ann. des Sc. Nat. Bot.

ser. vi. i. p. 382 ; Bornet et Flahault, Bevis. des Nostoc. Heterocycl. p. 366.

Crass til. 10 5-12^ ; crass, trich. (j--7 n.

No. 3.
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Order SCYTOJ^EMACE.E.

Genus Toltpothrix, Kiitz.

176. Toltpothrix tenuis, Kiitz. Phycolog. general, p. 228 ; Tabulce Pbycolog. ii. p. 9,

tab. 31. fig. 11. {Tolypothrix 2:)ygincea, Kiitz.)

No. 3.

Order SIROSIPHONIACEiE.

Genus Hapalosiphon, Nag.

177. Hapalosiphon Baeonii, nov. sp. (PL V. figs. 21-24.) B. thallo ca^spitoso,

aquatico, circiter 1 mm. lato ; fills primariis dense intricatis, ramosis (interdum dense

ramosis), ramis unllateralibus, e cellulis singulis passim binis rotundo-quadratis

vel subglobosis, vagina ampla, hyalina et acbroa, formatis ; fills secundariis

brevibus, numerosis, passim adpressis, c cellulis singulis ut in ramulis primariis

formatis ; beterocystis subquadratis intercalaribus.

Crass, fil. 75-10 fx ; diam. cell. 38-5 ^.

No. 3.

This species is nearest to jff. j9/fm^7M5, Kirchn. (Alg. Scbles, p. 2ZV)\_=.IIapalosip1wn

Braunii, Nag. in Kiitz. Species Algar. p. 313], but differs in its much smaller size, in the

primary filaments and the branches being of equal thickness, as well as in its shorter

subglobose cells.

Order OSCILLAEIACE.E *.

Genus Spirulina, Turp.

178. Spirulina major, Kiitz. Phycolog. general, p. 183; Gomont, Monographic des

Oscillari^es, p. 271, pi. vii. fig. 29. {S. oscillarioides, Kutz. Tabula3 Phycolog. i.

p. 26, tab. 37, fig. 8.)

Crass, fil. 1*5 u ; anfractibus inter se 8*5 fx distantibus.

No. 3.

Order CHROOCOCCACE^.

Genus Merismopedia, Meyen.

179. Merismopedia violacea, Kiitz. Species Algar. p. 472.

No. 3.

Genus Tetrapedia, Reinsch.

180. Teirapedia morsa, nov. sp. (PL V. fig. 3.) T. minutissima, circiter tarn

longa quam lata, modice constricta, sinu semieliiptico ;
semicelhiUc subrect-

* " Gomont has shown that the priority of name belongs to Oscillatoria, Vauch., rather cnan to OsciliarLt, Bosc,

and the correct name of the order is therefore Oscillatoriacoje."—A. W. BEKXErr, in hit.
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angYilares, lateribus rectis leviter divergentibus, apicibus in medio retusis ; a vertice

visge ellipticse, polis acutis ; a latere visas ellipticse, polls acutis, sed in medio utrobique

leviter constrictis.

Long. 6 At ; lat. 7*2 /* ; crass. 3 in.

No. 3.

181. Tetrapedia glaucescens, Boldt. (? Arthrodesmus glaucescens, "Wittr. Gotl. och

Olands Sotvatt. Alg. p. 55, tab. iv. fig. 14.)

Long. 11 ^ ; lat. 11-5 /u ; crass. 6 ^l. (PL IX. fig. 37.)

No. 18.

EXPLANATION OF THE PLATES.

a, a , a" = cel]ula vel semicellula a fronte visa,

h,b' = „ „ vertice „

c, c' — J, ^j latere ,,

d = „ „ basi

Plate V.

Fig. 1^ 2. Pediastrum enoplon, n. sp. 520/1.

3. Tetrapedia morsa, n. sp. 830/1.

4j 5. Scenedesmus quadricauda, Breb. 520/1.

6. „ „ var. elMpiicum, n. var. 520/1.

7, 8. „ „ var. insiynis, n. var. 520/1.

9, 10. „ „ var. maximum, n. var, 520/1.

llj, 12. „ denticulatus, Lagerh., var. lunatus, n. var. Fig. 11, 830/1; fig. 12, 520/1.

13, 14. Oocystis eUiptica, West, forma minor, West. 520/1.

15,16. Tetraedron pentraedricum, n. ST^. 520/1.

17. „ „ forma minima. 830/1.

18. „ minimum, Hansg. 520/1.

19. ,, „ forma apiculatum, Reinsch. 520/1.

20. „ tumidulum, Hansg., forma. 520/1.

21-24. Hapalosiphon Baronii, n. sp. 520/1.

25, 26. Staurogenia emarginata., n. sp. 520/1.

27. Cylindrocijstis crassa, De Bary, var. elliptica, n. var. 520/1.

28. Penium, sp. 520/1.

29. „ sp. 520/1.

30. Docidium Baculum, Breb. 520/1.

31. „ Manubrium, n. sp. 520/1.

32. Pleurotcenium monilifermn, n. sp, a, 220/1 ; a', 595/1.

33. „ subcoronulatum (Turn.). 520/1.

34. „ parallelum, n. SI}, a, 120/1 ; a' et a", 520/1.

35. „ basiundatum, n. sp. 520/1.

36. Penium delicatulum, Josh., var. minor, n. var. 520/1.



THE FRESHWATER ALG.^ OF MADAGASCAR. 87

Fig, 37. Closterium pachydermum, n. sp. a, 120/1 ; a , 520/J.

38. „ Leibleinii, Kutz., iorma. 520/1.

39. ,f Pseudodiana, Roy, forma. 520/1.

40. Pleurotcenium Ehrenbergii, De Bary, forma. 520/1.

41. „ firmum, u. sp. 520/1.

42. „ ligatum, n. sp. 520/1.

Plate VI.

Fig. 1. Micrasterias Crux-MelitensiSj Ralfs, var. evoluta, Turn. 520/1.

2-4.
J, mahabuleshwarensis, Hobson, var. tetracerum, u. var. 520/1.

5. „ pinnatifida, Ralfs, var. incudiformis, ii. var. 520/1.

6. Euastrum subrostratum, n. s]). 520/1.

7. „ bellum, Nordst., var, madagascariense, n. var, 520/1.

8. „ hypochondroides, n. sp. 520/1,

9. „ „ var. irregularis, n. var. 520/1,

10. „ 11, sp. 520/1.

11. „ sympageum, n. sp, 520/1.

12. „ spinulosum, Delp, ^africanum, Nordst., var, duplo-minor, n. var. forma, 520/1.

13. ,, „ „ var. duplo-minor, n. var. 520/1.

14. „ monocyclum, Racib., var, (squilobum, n. var. 520/1.

15. „ obesurriy Josh., var, subangulare, n, var. 520/1.

16. „ rostratum, Ralfs, * umbonatum, n, subsp. 520/1.

17. „ „ „ var, ornatum, n. var. 520/1.

18. „ elegans, Kiitz,, var, madagascariense, n. var. 520/1.

19. „ personatum, n. sp, 520/1.

20. „ pyramidatum, West, var. incrassatum, n, var. 520/1.

21. „ denticulatum. Gay, var, rectangulare, n. var. 520/1.

22. „ trigibberum, n, sp, 520/1,

23. „ cosmarioides, n. sp. 520/1.

24. Cosmarium pulvinatum, n. SY>. 520/1.

25. „ Pseudobroomei, Wolle, var. elegans, n. var. 520/1.

26. „ trachydermum, n. sp, 521/1.

27. J, scabratulum, n. sp. 521/1.

28,29. „ incequalipeUicum,n. s]^. 520/1.

30. „ „ forma minor. 520/1.

31. „ subauriculatum,, n. sp. 520/1.

32. „ geometricum, n. sp. 520/1.

33. „ Sinostegos, Schar., var, ohtusis, Gutw., forma, a, b, etc., 830/1 ; a', 520/1.

34. „ submamillatum, n. sp, 520/1.

35. „ mamilliferum, Nordst,, var. madagascariense, n. var. 520/1.

36. „ bireme, Nordst,, var, crassum, n. var, 520/1.

37. „ ,, var. rotundatum, n. var. 520/1.

38. „ quadrogranulatum, n. sp. 520/1.

39. „ Regnellii, Wiile, madagascariense, n. var. 520/1.

40. „ subprotuberans, n. sjp. 520/1.

41. ,,
Meneghinii, Breb. 520/1.

42,43. ,, Pseudoregnesii,j\,%ij^. 520/1.

44. „ Regnesii, Reinsch, 520/1

.



88 MESSKS. W. WEST AND G. S. WEST ON

Plate VII.

Eig. 1. Cosmarium notochondrum, n. sp. 520/1.

2. „ taxichondmm, Lund. 520/1.

3. „ jj var. emarginatum, n. var. 520/1.

4. „ „ var. subundulatum, Boldt, forma subdenticulatum. 520/1.

5. „ „ var. dentatum, n. var. 520/1.

6. „ „ var. compressum, n. var. 520/1.

7. „ Anax, n. sp. a et b, 520/1 ; e, portion of membrane, 830/1.

8. „ beatum, n. sp. 520/1.

9. „ helium, n, sp. 520/1.

10. „ eximium, n. sp. 520, 1.

11. „ creperum, n. sp. 520/1.

12. „ dichondrum, n. sp. 520/1.

13. „ haaboliense, Wille^ var. protractum, n. var. 520/1.

14. „ isthmochondrum, Nordst., var. biseriatum, u. var. 530/1.

15. „ elahoratum, n. sp. 520/1.

16. „ subspeciosum, Nordst., var. effigiatum, n. var. 520/1.

17. „ trachypleurum, Lund., var. spinosumf n. var. 520/1.

18. „ Kirchneri, Boerg.^ var. uniforme, n. var. 520/1.

19. „ rostellum, n. sp. 520/1.

30. „ „ forma minor. 520/1.

21. „ decoratum, n. sp, 520/1.

22. „ mhspeciosum,. '^ordi&i. , yzx. truncatum,Ti. \2i.Y. 520/1.

23. „ glyptodermum, n. sp. 520/1.

24. „ tripapillatum, n. sp. 520/1.

25. „ „ var. alastrense, n. var. 520/1.

26. „ spyridion, n. sp. a, a', b, et c, 520/1 ; a" , 830/1,

27. „ triordinatu7n, n. ^^. 520/1.

28. „ punctulatumj Breb., var. ornatum, Istv. 520/1.

29. „ sciium, n. sp. 520/1,

30. „ Baronii, n. sp. 520/1. . .

31. „ subalatum, n. sp. 520/1.

32. „ abruptum, Lund., var. granulatum, n. var, 520/1.

33. „ creperum, n, sp., var, compressum, n. var. (cum zygosp.). 520/1,

34. „ Pseudobroomei, WoUe, var. madagascariense, n. var. 520/1.

Plate YIII.

Fig. 1. Cosmarium sublatet'e-undatum, n. sip. 520/1.

2. „ LundeUii, Delp., var. madagascariense, n. var. 520/1.

3. „ „ var. subangulare, n. var. 520/1.

4. „ gramtum, Breb., var, angulare, n. var. 520/1.

5. „ contractum, Kirchn. 520/1.

Qj7. „ aversum, n. sp. 520/1.

8. „ goniodes, n. sp. a, 830/1 ; a', a", et b, 520/1.
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Fig. 9. Cosmarium planum, n. ^xi. 520/1.

10- „ minimum, r\. »\). 830/1.

11'
}, „ Ya.r. subrotundalum, n. \a.r. 520/1.

12. „ conicum, n. sp, 520/1.

13. „ zonarium., n. sp. a, a', et b, 520/1 ; e, portion of membrane, 830/1.

14. „ emarginatum, n. sp. a, b, et c, 830/1 ; c' ct a", 520/1.

15. „ sp. 520/1.

16. Arthrodesmus mucronulatus,lSioTAst., forma.. 520/1.

17. „ „ var. rohustum, n. var. 520/1.

18. „ arcuatus, Josh.^ forma. 520/1

.

19. Staurastrum Dickiei, Ralfs, var. maxitnum, n. var, 520/1.

20. ,, acanthophorum, n. sp. 520/1.

21. ,, monticulosum,Breh., var. ii/lanwrn, Nordst., forma minor. 520/1.

22, 23. „ fissum, W. B. Turn., var. perfissum, n. var. 520/1.

24. „ omithocephalum, n. sp. 520/1.

25. ,, hypocej)halophorum, n. sp. 520/1.

26. „ pygmaum, Breb., var. apiculatum, n. var. 520/1.

27. „ glaphyrum, n. sp. 520/1.

28. „ bibrachiatum, Reinsch, var. cymatiuni, n. var. 520/1.

29. „ „ „ „ forma brevior. 520/1.

30. „ forcipatum, n. sp. 520/1.

31. „ gracillimum,n. sp. 520/1.

32. „ „ var. biradiatum, n. var. 520/1.

83. ,, incurvatum, n. sp. 520/1.

.34. „ subgemmulatum, n. sp. 520/1.

35. „ „ var. ^raa'/iw*, n. var. 520/1.

36. „ Baronii, n. sp. 520/1.

37. „ undulafum, n. sp. 520/1.

38. „ exile, n. sp. 520/1.

39. „ pseudotetracerum, nob. 520/1.

40, 41. „ orbiculare, Ralfs, var. denticulatum, Nordst., forma minor. 520/1.

42. „ excavatum, n. sp. 520/1.

43. „ tenuissimum, n. sp. 520/1.

44. „ pseudocuspidatum, Roy et Biss, 520/1.

45. „ basidentatum, Borge, var. simplex, Borge. 520/1.

Plate IX.

Fig. 1. Staurastrum gracile, Ralfs, var. verrucosum, n. var. 520/1.

2. „ „ var. cyathiforme, n. var. 520/1.

3. „ „ var. uniseriatum, r\.\SLT. 520/1.

4. „ „ var. pusillum, n. var. 520/1.

5. „ „ var. convergens, n. var. 520/1.

6. „ tetracerum, Ralfs, var. undulatum, n. var. 520/1.

7. „ annulatum, n. sp. 520/1.

8. „ tohopekaligense, WoUe, var. trifurcatum, n. var. 520/1

,

9. „ „ var. quadrangulare, n. var. 520/1.

Second series.—botany, vol. v. n
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Fig. 10, 11. Staurastrum volans, n. sp. 520/1.

13,13. „ leptocladum, '^ordst., xar. cornutum,W\\\e. 520/1.

14). Euastrum hinale, Ralfs. 520/1.

15, 16. ,, deniiculatum, F. Gay, forms. 520/1.

17. J, amatum, Ilalfs. 520/1.

18. „ „ var. /iy,rifi?G/Mm, Delp., forma. 520/1.

19. Spondylosium papillosum, n. ST^. 520/1.

20. Closterium lagoense, Nordst., var. IcEve, n. var. 520/1.

21. „ lanceolatum, Kiitz. 120/1.

22. Cosmarium pseudoprotuherans, Kirchn., var. angustius, Nordst, 520/1,

23. „ concinnum, Reinsch. 520/1.

34. ,, Regnesii, Reinsch, var. tritum, West. 830/1.

25. „ c/^ip.9oirfewm, Elfv., forma wmor, Anders. 520/1.

26. „ //MojoAorMm, Nordst., forma. 520/1.

27. „ viride, Josh. 520/1.

28,29. „ sulcatum, 'Nordst. 520/1.

30. ., monilifot^me, Ralfs. 520/1.

31. „ „ var. punctatum, h&gerh. 520/1,

32, 33. Arthrodesmus subulatus, Kiitz,, forma, 520/1,

34. Desmidium Swartzii, Ag,, var. quadrangulatum,, Roy. 520/1,

35. „ „ var. amblyodon, Rabenh. 520/1,

36. „ Baileyi, De Bary, a. genuina, Nordst. 520/1.

37. Tetrapedia glaucescens , Boldt. 520/1.

38. Scenedesmns bijugaius, Kiitz. 520/1.

39, 40. Pediastrum tetras, Ralfs. 520/1.

41, 42. „ duplex, Meyen, var. clathratum, A. Br. 520/1

.

Note to p. 41.—Since this paper was presented to the Society, we have received information from

the Rev. R. Baron as to the localities. No. was from the neighbourhood of Antananarivo • the

remainder, with the exception of No. 36, mentioned on p. 41, were collected in the immediate vicinity of

Lake Alastra.

Notes ^opp. 59, 60.—Since the description of Cosmarium Pseudoregnesii (n. 80) was drawn up, a paper

by Eichler and Gutwinski has appeared—' De nonnullis spec. Algar. nov.,'' Krakow, 1894 j in this is

figured and described (p. 170, t. 5. f. 27) a new variety {va.r. polonicum) of C. Nova-Semlia, This is

evidently the same as that we have described, and in our opinion not closely related to C. Novee-Semlice.

As there is already a C. polonicum, Racib., our name must stand.

Cosmarium latere-undatum, Roy, MSS. sub n. 81. Recently Messrs. Roy and Bissett's 'Scottish

Desmids' has appeared, but latere-undatum has been changed to garrolense, Roy & Bissett (Scottish

Desm. p. 34, t. 2. f, 4),
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III. Observations on the Loranthacese of Ceylon. By F. W. KeeblIt'^^., Frank
Smart Student, Gonville and Caius College, Cambridge. (Communicated by

Francis Darwin, F.B.S., F.L.S.)

(Plates X. & XT.)

Read 18th April, 1895. -^
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The following paper places on record a number of observations made during a short

stay in Ceylon in 1894. It is my hope to supplement this by another contribution

dealing more particularly with the anatomical problems presented by some members

of the Loranthaceae liere treated of.

Mv visit to Ceylon was rendered possible by a grant of money made to me by the

University of Cambridge from the Wortz fund.

I beg to express my warmest thanks to Mr. Henry Trimen, the Director of the Royal

Botanical Garden of Peradeniya, wliose advice and assistance were invaluable ; also to

Mr. Prancis Darwin, who has, by his criticism, helped me considerably in the writing oi

this paper.

I.

—

The Fertilization of the Flower.

Many Cingalese members of the genus Loranthiis have large and conspicuous flowers
;

in such the corolla is brightly coloured, more or less tubular, and generally o-lobed

(figs. 1 c, 6, PI. X. ; 11, PI. X. • 3, 10, PI. XI.).

Since certain deviations from the typical regularity of the corolla-tube occur, and

since these deviations have relations with the mode of fertilization of the flower, the

chief will now be enumerated :

—

L. loniccroides, Linn. : pink fleshy corolla, tube split less than in other species (thus

Hooker gives corolla split one third way down*) ; stamens form a ring roimd the pistil,

which in the open flower projects beyond them.

L. capitellatus, Wight & Am. : the nearest ally to above species ; the lobes of the

corolla are carried further down the tube, which is consequently less marked. The ' Flora

of British India' gives corolla J-| in., funnel-shaped, cleft to or below the middle into

5-6 lobest ; here, too, the stamens form a ring round the pistil (fig. 10, PL XL). The

• Hooker, Fl. Brit. India, vol. v. p. 221. t Loc. cit.

SECOND SERIES.—BOTANY, VOL. V. O
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flowers of these two species are more regular than those of most other Cingalese

Loranths.

Lorantlms Qardneri, Thw. : flower when open is regular, the stamens form a ring, the

corolla splits to 5 lobes, recurved about middle (fig. 6, PI. X.).

L. neelgherrensiSi Wight & Arn. (fig. 1 1?, PL X.) : the corolla-lobes are very long,

" lobes much longer than tube, reflexed above the middle," and " one or two of the lobes

at times combined for half their length " *. By this fusion of several lobes, tbe flower, on

opening, has a slightly zygomorphic appearance, inasmuch as, in the reflexion of the

lobes, the space between the two which are not fused forms a sort of throat (fig. 1, PI. X.),

all the lobes being bent back, away from this throat. A further result of this mode of

opening out of the flower is that the stamens, from forming a ring round the style,

come to form a row^ behind it.

In many of the Cingalese species a slit, similar in origin to that in the flower of the

last species, occius in the corolla-tube, w^hereby, at the time of opening, the upper part

of the tube by growth of its inner surface opens out laterally, so that all the five lobes,

whose inner surfaces also at the same time grow more rapidly than their outer, come to

stand in a row, and the stamens also w hich arise from the bases of tlie lobes similarly

stand side by side.

The slit is well marked in Lorantlms Sciirrula^ Linn., L. biiddleoides, Thw., L. tomen-

tosus, Ileyne (fig. 1, PI. XI.), L. cuneatus, Heyne (fig. 3, PI. XI.), X. suborblcidaris, Thw.,

L. longiflorus., Desr. (fig. 11, PL X.), L. lonchiphjllus, Thw^, L. sclerophyllus, Thw.

The effect of the slit is, as is illustrated in the figures [cf. fig. 1 5, PL XI.), to turn the

regular flower into what might perhaps be called a physiologically zygomorphic one, by

enabling the upper intact part of the tube to flatten itself out in the way just

described.

A similar opening out of an originally tubular corolla occurs, as is well know^n, in

some species of AnigosantJios, LabilL, a genus of Rgemodoraceae.

In enquiring into the significance of these slits it must be remembered that, as other

observers have already shown, these tube-flowered Loranths are bird-fertilized f. My
own observations confirm this, for in Ceylon the common honey-sucker, a species of

Nectarinia, is always to be found, especially in the early morning, visiting these

fl.owers.

I shot some of these birds which were busy in a Lorantlms bush and found their beaks

covered with pollen. Whether other birds also act as carriers of Lorantlms pollen I

could not determine. Now birds are less precise in their methods than butterflies, and

the pollen-carriers—their beaks—are much larger and by no means symmetrical. By
the spreading slit or throat a bird's beak has ample space to reach the nectar w^hich fills

the bottom of the tube. Thus the natural slit saves the flower to some extent, but not

wholly, from being torn. Further, the arrangement of the stamens side by side, rendered

possible by the opening out of the part of the corolla-tube above the slit, has the

* Hooker, Fl. lirit. India, vol. v. p. 216.

t Cf' Wallace, 'Darwinism:' '* In Australia and New Zealand . . . Loranthus {&c.) . . . are cross-fertilized by

birds "
(p. 320).
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important effect of exposing tlie dehiscent surfaces of all five stamens to one side (the

upper) of the bird's beak, so that the pollen is rubbed on the wliole of that surface.

Since the stigma, projecting beyond the stamens, is so placed that it too will touch this

upper surface, it is clear that the confinement of the pollen to this surface, effected in

the manner just described, tends to render pollination more certain. A further move-

ment in Some species adds to the apparently irregular form of the flower. In such

species as Loranthns cuneatiis^ L. tomentosus, and L. snhorhicuhiris (figs. \hyZc^ PI. XI.)

the filaments bend down almost at right angles to tlieir points of insertion, so that the

anthers stand over the "throat." The style bends similarly down and j^i'ojects beyond

the stamens, so that self-fertilization is largely insured against.

In the bud tlie style is sinuous, owing to its length being greater than that of the

corolla ; on the opening of the latter the style straightens out {cf. woodcut 1 a with fig. 11,

PI. X.). In the species L. longiflorus, to which these figures refer, the style, whilst in

Fig. 1.

\a

the bud, is included in the stamina! ring and is surrounded by downwardly-pointing

hairs Avhich arise from the bases of the anthers (see woodcut 1 b). That the style does

straighten out in the bud, thereby tending to open the flower, seems to indicate that, in

this species, the order of events is the opening of the flower, separation and reflexion of

the lobes, whereby the stamens are separated one from another, and, in consequence,

release of the style. The significance of the style's non-assistance in the opening of the

flower will be seen later. In the Loranths of Ceylon nectar is very plentiful ; it often,

in such species as L. longiflorus^ fills the corolla-tube, from whose general surface it

seems to be secreted. In addition to this nectar, a dr()j:> is lodged in L. longiflorus

behind the base of each filament between it and the corolla-lob(\

In such species as L. longiflorus, whilst the flower is yet closed, slits appear between

the bases of the corolla-lobes (fig. 11, PI. X.). They gradually widen, making five

narrow inlets, whereby small insects can and do get to the honey ; the pollen, however,

remains protected by the closed upper parts of the corolla-lobes.

The cleft or throat already described, which occurs in the corolla-tubes of various

species, is no doubt correlated with the growth of the inner surface of the upper part of

o2
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the tube, whereby this latter flattens out. That it has a direct value in preventing the

corolla's tube from rough usage on the part of the visiting nectar-seeking bird, is

rendered probable by the fact that the base of the cleft is often prolonged by a jagged

tear, the work of the bird visitor. This tearing, it will be at once admitted, would be

much greater were no wide cleft present. In Loranthus lonicei^oides many flowers, and

even buds, show at the base of the corolla irregularly oval holes which are made by

birds' bills. The case is interesting, for, as is well known, many flowers are similarly

pierced by bees, e.g. Erica Tetralix, Linn., Trifolium pratense, Linn., &c.*

In those species of Loranthus which have a deep throat-like cleft in the corolla-tube,

such robberies, whereby the pollen-carrying is evaded, do not occur.

Having thus described the peculiarities of the flower, its regularity in the bud (with

the exception often of a gibbous inflation of the tube in such species as L. tomentosus,

&c.), and especially the curious basifugal way of opening in L. longiflorus, L. neelgher-

rensis, &c., it now remains to mention what is the most interesting feature, and one

which gives significance to the basal separation of the lobes of the corolla.

The most noticeable appearance in a bush of Z/. loniceroides is the large number of

fully mature flower-buds contrasted with the number of open flowers. The explanation

is simple. The flower-bud of L. loniceroides, though fully developed in all respects,

remains closed. If the apex of the corolla of such a flower-bud be gently struck, the

lobes fly apart, exposing stigma and ripe pollen-bearing stamens. These lobes, once

released, continue, by growth of their inner surfaces, to bend backward till they

are reflexed on themselves (fig. 11, PI. X., and fig. 8, PL XL, &c.) ; and there is no doubt

that fully developed flower-buds remain closed, when all that is required for the release

of the adherent apices of the lobes is a gentle tap. Such a tap is provided by the

fertilizing agent, a bird (a species of Nectarinia) ; and I would suggest that this remaining

closed of the ripe flowers is an instance of close relationship, beneficial to both "parties,"

between flower and fertilizer ; the bird knows it is worth its while to " tap a new barrel"

as it were ; moreover, the parts of the flower are protected from the damaging eff'ects of

exposure to wet.

Such exploding flowers are by no means confined to this species {L. loniceroides), but

in a more or less degree characterize the Cingalese large-flowered Loranths, e. g. :

—

L^ longiflorus : corolla less fleshy and less rigid than L. loniceroides^ so explosions less

vigorous (fig. 11, PI. X.).

L. neelghe7^rensis and L. cuneattis : smaller flowers than above ; basifugal slits occur

between lobes ; explosions small, but none the less efficient (fig. 1 c, PL X., & fig. 3 a-e,

PL XL).

L. suborbicularis, L. tomentosus : explosions well marked, especially in the variety

lanuginosus of the latter, in whose flowers the noise of the separating lobes (on being

struck at the apex with a pencil for example) can be heard several yards away (tig. 1,

PL XL).

This explosive action of the corolla-lobes throws light on the meaning of the slits

(fig. 11, PL X., &c.) which in various species appear at the lobes' bases. These are

* Darwin, ' Cross- and Self-fertilization,' p. 429.
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probably merely an expression of the growth of the inner surface of the corolla-lobes.

Of course it is equally open to suggest that they serve as an indication of tlie ripeness of

the flower-bud ; and, doubtless, the opening of the flower in such cases as Loratiihus neeU
gherrensis, where the slits between the lobes are very marked, is often, if not generally,

effected by the withdrawal of a beak which has been thrust througli one of these wide
slits for the purpose of obtaining nectar, and which beak, in withdraAval, strikes the

upper parts of the lobes as yet united but ready to separate (fig. 1 c, PL X.). The growth

of the inner surface of the lobes, after their apices are freed, is coterminous witli the

growth of the inner surface of the upper part of the tube, which, consequently, opens

out—this opening out being possible owing to the existence of the slit in the upper part

of the tube.

Whether opening of ripe flower-buds without a tapping on the apex occurs, I cannot

assert ; although various observations seem to show that, at all events, many buds, unless

tapped, remain closed.

Thus, unopened corollas which have become detached at the base of the tube, and

slipped down the style, are commonly to be seen hanging on this persistent style. In

such cases there is some chance of self-fertilization, as has been suggested for other

genera. The inaccessibility of the flowers rendered experiment difiicult ; but the

following was tried, with a view to determining the question of the opening or non-

opening of the untouched flower-bud. Twelve apparently fully-developed flower-buds of

L. loniceroides (on a Peach-tree) were covered by fine muslin. At the end of three

weeks the results were :

—

Unopened and Opened and

Unopened. Opened, dropped. dropped.

4 2 4 2

so that, though the numbers are too small to admit of generalizing, it may be pointed

out that two-thirds of the flower-buds did not open—and that the sources of error, such

as rubbing against the netting, all favour the opening of the buds.

The first day on which explosions were observed by me was bright and sunny, and it

was subsequently noted that the explosions occurred with greater readiness on such

occasions than on days when rain was falling. When a host-branch was cut down, the

flower-buds on the Loranthus bush borne by it soon—in the course of less than one

hour—lost their power of opening, even in response to a smart tap.

This prolonged bud state and subsequent explosion of the flowers of Loranths recalls

the very similar condition of affairs which exists in species of Crucianella, Linn.

In addition to the " use " suggested above for this prolonged flower-bud state—viz., in

procuring a closer relation between flower and fertilizer—another advantage, the pro-

tection of the pollen from rain, may be urged.

It might be supposed that in tropical flowers there is no need for protection against

damp or rain effects, but the Loranthaceae of Ceylon, probably for a reason to be referred

to immediately, flower very largely in the wet season, and of the 15 Cingalese species 5

are, according to Trimen, confined to the moist low country (L. nodijlorus, L. ensifolius,

L. lonchiphyllus, L. Gardneri, and L. capitellatus).
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Many of the Cingalese species flower all the year round, and when I mention that 8

species which do so grow in the hills, and that of these hills Blanford states " the only

season that can be called fine is restricted to the first 4 or 4J months of the year, and

even in these it rains on one day in 3 or 4"*, it will, I think, he conceded that a

protection of pollen against rain is by no means unnecessary.

Eoxburgh, in his 'Flora Indica,' and Kurz, in 'Forest Flora of British Burmah,' both

distinctly mention, in describing various species, that some, e. g. Loranthus Scurrula,

flower during the wet season, and that others flower all the year round.

Hence I conclude that this " exploding mechanism " has the highly important function

of protecting the pollen from rain, and that an additional advantage is gained in that a

more specialized relation between bird and flower is enforced.

The "reason " why flowering occurs during the wet months lies probably in the fact

that the seeds will only germinate in moist air; at all events I have found that in moist

air the hypocotyls reach their host-branch in a few days, whereas in dry air two weeks

are often insufiicient. Hence it may be that many Loranthus species have acquired the

habit of flowering in the wet season in order that their seeds may germinate rapidly, and

on this view the special pollen protection is of no little interest.

Note.—After the foregoing account of the fertilization of the flower was written, a

paper by Mr. Maurice S. Evans appeared in * Nature ' (Jan. 3, 1895) dealing with the fer-

tilization of the flowers of L. Kraussimius, Meissn., and L. Dregei, Eckl. & Zeyh., parasitic

Loranths of S. Africa (Natal). My results, on the whole, confirm those of Mr. Evans.

He describes the " explosive mechanism " and its absolute dependence on the blows of

bird visitors (in Natal the visitor is a sun-bird, Cinnyris olivaceus). In one important

point do our accounts differ. Mr. Evans finds that the anthers are emptied of pollen by

the explosion, whereas my conclusion, as above stated, is that though pollen is jerked

out, some is left " for future use." Mr. Evans's observation on L. Dregei tends to

confirm his view, for in that species the anthers are (by the explosion) " broken sharp

off and fly off into space with great violence, parting with their pollen as they go
"

(' Nature,' vol. li. no. 1314, p. 236).

II.

—

Mode or Disteibltion of the Seeds.

I propose in this section to give a short account of the way in which the seeds of some

members of the Loranthacese are dispersed. Engler and Prantl thus summarize what is

known of the distribution :
—" The stickiness (of the viscin) enables some seeds, falling

from branch to branch, to become attached ; on the other hand, birds bite up the fruits

and throw away the seed which is surrounded by the viscid layer" f. The same authorities

further state that seeds often pass unharmed through the gut of birds and may then

germinate.

It may at once be stated that my investigations confirm much of what has just been

* Blanford, The Climate and Weather of India, Ceylon, and Burmah.'

t Engler and Prantl, ' Die natiirlicheu Pflanzenfamilien,' Teil iii.
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quoted, and show that the excellent account given by Pitra * of the distribution of seeds

of Viscum album, Linn., might also do duty for the Loranths; but as it is doubtful whether

there is on record an account of observations on the seed-distribution of tropical Loran-

thaceae, I venture to describe those made by myself. I feel further justification for so

doing, inasmuch as the following passage finds a place in the English edition of Kerner's

' Pflanzenleben ' :

—

" The dissemination of the European Mistletoe is effected, as in all the other Loran-

thacese, through the agency of birds—thrushes in particular—which feed upon the

berries and deposit the undigested seeds with their excrement upon the branches of

trees ... it is, however, true that the mature mistletoe-seeds are dispersed exclusively

by birds in the manner above mentioned ." f
The berry-like fruits of these Loranths are, technically speaking, indehiscent; yet, owning

partly to grow th of the embryo, partly to the weakening of tlie fruit-wall, in some species,

this latter becomes ruptured on the ripening of the fruits, e. g. Loranthus neelgherrensis,

L. cuneatus ; in others a very slight pressure is sufficient to cause the complete extrusion

of the seed, sometimes basally, sometimes apically. In almost all cases the seed slips

out, but in Viscum orientale, Willd., a gentle pressure causes the fruit-wall to crack and

the seed to be jerked out. A glance at the figures {e.g. fig. 1. PI. X., tig. 12, PI. X.,

fig. 6, PI. XI.) in the accompanying Plates shows that the fruits of Cingalese

Loranthaceae are comparatively large—often 2 cm. in length.

On the other hand, the two birds which in Ceylon chiefly feed on the Loranthus

fruits are very small: one, Dicaum mimmnm=^Diccciim erythrorhynchum (Leggc), is the

smallest bird in Ceylon; the other is Pachyglossa vinceus (Jjegge)= Prio}iochilu8 vincens

(Murray), a flower-pecker peculiar to Ceylon. Of these, the former has, on account of

its assiduity in visiting Loranthus fruits, earned for itself in Ceylon the name of the

' Parasite-bird.'

The smallness of the bird and the largeness of tlie fruit may together constitute the

main reason why the bird has adopted—as w ill be shown—the habit of squeezing the

seed out of the fruit and rejecting the fruit-coat. The large quantity of tannin which

this fruit-coat contains may also have operated to produce this result. That the above-

mentioned birds have acquired the habit of extracting the seeds is shown by the following

observations. Under a tree, bearing a Loranthus bush in fruit, many empty husks are

to be found, and such husks bear V-shaped marks of birds' beaks. I have also seen a

bird, Dica3um minimum, perched on a Loranthus bush sucking a seed, having rejected

the husk. This proceeding is doubtless a very general one with birds. The ' Paddy-

bird ' in Ceylon extracts the rice-grain and leaves the husk ; and I have seen a Parrot

" shuck " a pea-pod, extract the peas, and reject the pod.

Further, in none of the many birds I shot and dissected did the gut contain a fruit-

coat, though it was generally quite distended with the pulpy matter which had been

* Adolph Pitra, " Ueber die Anheftuugsweise einiger phanerogamen Parasiten an ihre Nahrpflanzen," Bot. Zeit.

1861,110.91.

t ' The Natural Histon- of Plant?,' Kerner, ed. F. W. Oliver, part 2, p. 205.
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extracted from the fruit. That this habit of squeezing out the seed betokens a special

love, on the part of the birds, for Loranthus berries seems shown by the fact that other

birds, which only visit the fruit when their more usual food is scarce, have not acquired

the habit. Thus I shot a common Bulbul {Chloj^opsis Jerdoni) in whose crop were

several wholefruits of L. loniceroides. About a dozen ' Parasite-birds ' were dissected ;

in some pulp only was found (pulp of X. loniceroides), in others pulp with one seed, in

others pulp with as many as three seeds.

Of the seeds so obtained, some {L. neelgherrensis) germinated successfully ; others,

however, were soft and rotten, having been quite killed hy the digestive juices.

Now, in the course of a morning a bird visits far more than three fruits ; indeed, the

assiduity of the bird in gorging berries is remarkable ; yet three was the greatest number

found. Moreover, of seeds swallowed, some are so attacked by digestive juices as to be

killed ; thus when, as not infrequently happens, groups of seeds of Loranthus and Viscum

species are found mixed with birds' excrement, most are completely rotten.

Hence probably the birds seek the large fruits of such Loranthus species as L. longi-

florus, L. loniceroides, L. neelgherrensis, L. capitellatus, &c., primarily for the pulp

formed from the middle layer of the fruit-coat ; but occasionally the birds in their greed

swallow the seeds ; and of these, some are digested to an extent to render them unfit for

germination, while possibly others pass through the gut uninjured. If a reason other

than that of the large size of many of the Ceylon species of Loranthus be sought to

account for the fact that the birds generally avoid swallowing the seeds, it may perhaps

be found in this,— that the endosperm and embryo of such seeds as those of L. neelgher-

rensis, L. loniceroides, and L. longijlorus, and probably of many others, are exceedingly

rich in tannin. A curious observation confirms the view to which the above remarks

point—viz., that the birds get rid of the seeds by wiping or striking their bills against

branches or other convenient objects. At the Hill-Garden of Hakgala (5500 ft.) Loranthi

grow luxuriantly. On the single telegraph-wire there are every year hundreds of

seedlings of L. lonice^^oides, all in early stages of germination. It can hardly be supposed

that the seeds arrive at this anomalous position as a consequence of being voided, but

rather that the birds free their beaks of them by striking or rubbing against the wire.

If due weight be given to the above-enumerated considerations and observations, it

wiU, I think, be conceded that, at least in the majority of cases, the seeds of the large

species of Loranthus reach their hosts without having passed through the alimentary

canals of birds, and that their distribution is associated with an acquired habit on the

part of the birds. This acquired habit consists in the birds first extracting the seed from

the fruit-covering, and secondly, rejecting the seed and fruit-wall, both of which are rich

in tannin, the bird's object being to obtain the sweetish pulp (which contains a little,

but only a little tannin) ; and thirdly, in the wiping-off of the seeds which stick to the

bill on a convenient place, usually a branch.

The alternative mode of distribution mentioned by Engler and Prantl *, whereby

the seed, shaken out from the fruit as it falls, sticks to any opposed object, is, I believe,

* ' Natiirl. Pflanzenfam.,' Teil iii.
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of such rare occurrence as to be negligible, although the seeds are frequently dropped

hy birds, feeding on a branch, on the ground beneath. This is Avell siiown in Loranihm

Gardneri seeds which I found germinating with stamens of this species adhering to

the viscin.

Matters are more difficult with regard to, and I can speak with less certainty of, the

course of events in small seeds such as those of species of Viscum, e. g. Viscum orlentale,

and of Notothixos floccosus, Oliver. The difficulty lies in the fact that the viscid layer

surrounding the seed is less developed, and therefore even less a means of protection

from digestive juices in these cases than in the large-seeded Loranths. Moreover, I have

frequently found, as above stated, groups of seeds of such small-seeded Loranths as

L. Hooheriamis in the voided excrement of birds on leaves or twigs. Such voided seeds

are often quite hollow, proving that the intestinal juices of the birds play havoc with

these tender seeds.

It is then at least highly probable that birds distribute these smaller seeds also by

wiping them off their bills, and that they do so to avoid the tannin. Viscum orientals

presents a difficulty, in that, as already mentioned, a gentle pressure suffices to jerk the

small seed several feet into the air ; if this be of general occurrence, the risk of not

falling in " good ground," which is so successfully avoided in other .species, is in this

case run.

Ill,

—

Germination.

In this section the modes of germination of various species of Loranthus and Viscum

are described. The order in which the members of the Loranthaccai! are here taken

is determined by the degree of resemblance the germination bears to that of Viscum

album.

Viscum orientale.—The form of fruit and seed will be described in tlic Appendix,

rigs. 9 b, c, PI. X., show the hypocotyl with its free swollen head growing from the apical

end of the seed. The hypocotyl is rich in chlorophyll and reaches a length of 3 to 4 mm.

Viscin is confined to the base of the seed ; hence this latter normally lies prone on the

branch, and so the hypocotyl had but a little distance to bend before reaching the

branch. The whole seedling when the hypocotyl is fully grown is some 6 to 7 mm. in

length and resembles a minute cricket-bat—the hypocotyl representing the handle. The

seed, as is the case with all the Visciims and Loranths here described, is ready to

o-erminate as soon as the fruit is ripe.

Notothixos floccosus, Oliver.—Fig. 10 c, PI. X., shows a specimen germinating ; hypo-

cotyl bright green ; free end not sw ollen into a head, but forming a somewliat convex

whitish surface. As in Viscum album &c., and Loranthus species generally, the end of

the hypocotyl rapidly swells to a disc before any considerable entry has been made into

the host.

The growth of the hypocotyl is stopped in dry air. The species is peculiar to Ceylon

and only found in the moist low country. The slightly biconvex, lens-shaped seed

always lies flatly on the branch, so that but little curvature of the hypocotyl occurs.

L. RookeHanus, Wight & Arn.—The seed is very minute, 3-4 mm. On germinating,

SECOND SERIES.—BOTANY, VOL. V. P
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the hypocotyl does not grow out, but swells and shows no sign of curvature. Attachment

to the host nevertheless occurs, the " root-structure " growing out from the shaded side

at the point of contact with the host. I grew a number of such seedlings on bottle-cork

and preserved them in spirit, in order, subsequently, to ascertaia by sections whether any

slight curvature, imperceptible to the eye, does occur. If not, the conclusion must be

adopted that in this form the smallness of the seed and the confinement of the viscin

to the hypocotyl-end of the seed enables this hypocotyl to dispense with any negatively

heliotropic curvature.

Lorantlms loniceroides.—A ripe seed removed from its fruit-coat begins at once to

germinate. A resinous droj^ appears at the apex—being pushed out by the head of the

hypocotyl. Then the hypocotyl itself appears ; its general surface, even whilst within

the endosperm, is bright green, owing to the presence of chlorophyll; but the free distal

surface of its head is whitish, except for a central reddish point and for a green rim

(fig. 5<?, PL XI.). The whole surface of the hypocotyl is sticky.

Fia. 2.

The cotyledons are yellowish, linear, and not fused. The outgrowing hypocotyl is at

first straight, but soon curves (figs. 5a-<?, PL XL).

The seed is usually found disposed more or less vertically, apex upward, on a branch, so

that the hypocotyl, by its curvature, brings its free end or ' suctorial disc ' on to the host.

The disc, on coming into contact with a branch, swells considerably, and the cells of its

distal surface grow out and enter the host as papilla? (fig. 6/, PL XL, and woodcut 2,

which represents a vertical section through the hypocotyledonary disc of a seedling of

L. loniceroides grown on bottle-cork).

The seedling thus arrives at the position indicated in fig. 6 c/, PL XL The growth of

the hypocotyl now becomes greatest on its concave side, and, since the sucker is firmly

attached, the viscin, which holds the base of the seed to the branch, is torn away and the

seed carried upward. By this growth the axis of the hypocotyl becomes once more a

straight line, and the seed is borne in a line with this axis.
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This straij^litening of the hypocotyl occurs even wlien the seed, after its hypocotyl has

become fixed on the branch, is placed in the dark.

Just before or just after the hypocotyl has straightened itself, the cotyledons, together

with the endosperm enclosing them, are shed and the minute plumule exposed for the

first time (fig. 6 e, PI. XI.) ; at other times the cotyledons come out of the endosperm

and remain for some time enclosing the plumule.

At this stage the young plant is 2-3 cm. long, and dark green. Its sucker has

swollen to two or three times its original size (fig. Cyf, PI. XI.)—so much so as to suggest

that it acts as a tem])orary storehouse of material transferred from the endosperm, md
the cotyledons, before both these are, as just described, cut off.

At this stage the sucker, although firmly adherent to the bark, has effected but little

penetration into the tissue of its host.

Fig. 3.

r'-^ r~^^-'"^f^-T^

The first pair of leaves remain rudimentary and arc soon shed ; the plumule forms a

very short internode (1-2 mm.) from which another pair of minute deciduous leaves arise ;

later as many as four or five very short internodes may be formed (woodcut 3), each

bearino- small deciduous leaves, very rich in tannin. In most species shoot-differentia-

tion takes place very slowly, owing doubtless to the great task of penetrating the host

with which the entering " root " is confronted, a task of vital and immediate importance.

After penetration is effected, the growth becomes very rapid indeed; large leaves,

resemblin"" in shape those of the mature plant, arise, the internodes lengthen, and the

stem throws out branches.

It often happens, however, especially when the branch on which the seed is fixed is

small or poorly nourished, that, before the large leaves arise, whilst the internodes are

very short, a lateral aerial root is thrown out from the sucker, and this root grows rapidly

along the branch—soon seeking the underside. In extreme cases, quite large suckers

may arise on this aerial root before the mature leaves are formed.

I cannot but think that this early putting out of the aerial root is a phenomenon of

heredity, and throws light on the course by which the LoranthaceaB become parasites :

the seeds, originally sticky, often lodged on tree-, and, as in many species of Fiem, these

seeds, germinating, threw out roots which rapidly reached \\w i,-round or the earth which

collects in the forks of trees. To enable the plant to exist in this early non-parasitic

stage the base (free end) of the sucker came to function as a reserve food store. Prom this

stage the natural semi-parasitism was reached by the ability of certain cells of the distal

p2
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end of the liypoeotyl to penetrate the host. Be this as it may, the character of producing

aerial roots at an early stage is often of great use to seedling Lot^anthus loniceroides

developing on unpropitious branches, since the aerial roots, rapidly elongating and

sending out suckers at intervals, are guided by negative heliotropism to the older part of

the tree, and so stand a good chance of happening upon better nourished branches.

Some interesting cases in which the seed was not so normally and conveniently placed

are given in woodcut 4 a, b. It may here be mentioned that unattached hypocotyls

become irregularly curved, and the heads, instead of becoming funnel-shaped, send out

from their distal surface irregular white projections.

Loranthus capitellattis.—Thwaites suggested that this is probably only a variety of L.

loniceroides. Sir J. D. Hooker * supports this view. The fruit differs in some respects

from that of X. loniceroides (cf. fig. 11, PL XI., and fig. 4, PI. XL) ; but if the seed and

mode of germination may be used as evidence, there can be little doubt that Thwaites's

view is correct. The germinating seeds of these two species are so alike that it is almost

impossible to distinguish them {cf. fig. 12, Pi. XL, with fig. 6 d, PI. XL).

Fig. 4.

^^®- * "> •* IB March 3

A

L. Gardneri resembles L. RooJcerianus in that it does not throw out a hypocotyl.

The viscin is mainly attached to the head end (hypocotyl), and so this, and this end only,

is firmly fixed to the host—hence the need for a long hypocotyl is avoided (fig. 7,

PI. X.). Fig. 8, PL X., shows a seedling germinating on a leaf of wild Durian—interesting,

inasmuch as in this unfavourable position a very long aerial root has been thrown

out and is growing along the surface of the leaf.

L. neelgherrensis.—On germinating, the seed, which becomes firmly attached by its

viscid layer (especially towards its base), rapidly protrudes its minutely lobulated

hypocotyl, which at once curves (fig. 2, PL X.). There is in this species no distinct

terminal suctorial disc, though, in the rounded free end, the green colour is replaced by

white, marking the place whence the *' root " will issue.

As in other tropical Loranths, the seed commences to germinate directly the fruit is ripe,

and the hypocotyl often bursts through the apex of the fruit-coat, e. g. figs. 3 and 4, PI. X.

If the free end of the hypocotyl soon comes in contact with a branch, this end

* Hooker, Fl. Brit. India, vol. v. p. 221.
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gradually enlarges, and at the same time the root quickly penetrates the host. Whether

attachment be thus made or not, two small linear ovate leaves (figs. 5 and C, PI. X.),

rich in chlorophyll, arise, appearing beside tlie slit which represents a gap in the fusion

of the cotyledons, and through which the epicotyl, at a later stage, appears (fig. 4, PI. X.).

Even in seedlings whose " roots " have not penetrated a host, these green leaves show

starch-formation, and possibly this explains the fact that these seedlings are capable

of enduring for 4 or more weeks, although the root has not entered a host. Another

factor which contributes to this power of endurance is the appearance of a beautifully

transparent resin on the general surface of the endosperm (from the ultimate breaking

down of the viscin layer), and especially covering (fig. 5, PI. X.) the white, 2 mm. long

root, which grows out from the free end of the hypocotyl.

After contact with the host is made, a foot-like structure, brown in colour, arises

between the green hypocotyl and the host. This may perhaps be regarded as equivalent

to the suctorial disc or swollen head of the hypocotyl of such species as Loranthus

loniceroides. As maturity approaches, this foot increases in thickness, and so too does

the green part of the hypocotyl ; the plumule, on the other hand, remains for a long

time very short (a characteristic of almost all the Cingalese species). Thus a plant a

month old consists of a swollen foot which has grown in all directions more than the

hypocotyl, and a very short jilumule, which bears two or three or even more leaves.

Later, the plumule elongates rapidly.

L. longijlorus.—On germination, the short hypocotyl becomes rapidly and sharply

bent just below its discoidal head ; the cotyledons, as in L. neelgherren^is, L. loniceroides,

and other species, remain in the endosperm and are not usually withdrawn from it.

From the free surface of the olive-green head the ** root-structure " begins soon, whether

the disc is attached to an appropriate host or not, to grow out as a small brownish

proiectiou (figs. 15 a, 6, c, PI. X.), and often before this root has pierced the host's tissue

leaves appear issuing from the slit already referred to. It is noteworthy that tliese

leaves are acicular, very unlike the " orbicular oblong elliptic or linear obtuse" * leaves

of the mature plant, which mature leaves the same authority also notes to be " infinitely

variable in shape." The discoidal head of the hypocotyl bears at its edge cilia-like

projections, which, like the rest of the head, are of a dark colour.

In conclusion, Griffith f, in his classical papers on the Loranthaceae, mentions that in

L. Sciirrula, as the fruit ripens, the " viscin " disappears ; this is not altogether typical.

Thus, in L. neelgherrensis and L. cuneatus, the ripening of the fruit is accompanied by a

change in, not an absorption of, the viscin. In these species the very resinous viscin of

the unripe seed gives place to a more watery, but still very sticky, gum-like substance,

which has the property of " setting " on exposure to the air. In other species,

e. g. L. Hookerianus, L. Gardneri^ in the ripe fruits, the viscin persists, and is

extremely sticky in the region of the head of the hypocotyl.

* Hooker, Fl. Brit. India, vol. v. p. 215.

t Griffitli,
'• The Development of the Ovule of Loranthus and . Trans. Linn. 8oc. vol. :iviu. part i.
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IV.

—

The Curvature and Growth or the Hypocottl of various

Species of Loranths.

Since the time of Dutrochet it has been known that the hypocotjd of Viscum album is

negatively heliotropic *. De Candolle sums up the case thus :

—

" If germinating seeds of Viscum album be placed inside a room close to the window,

the hypocotyls direct themselves horizontally away from the window ; if they be placed

just outside the windoAV, the hyj)ocotyls turn to the glass as if to pierce it, in making

for the dark "
f . Duhamel % also long ago proved that '* gravity " has no directive

influence on the hypocotyl of Viscum album.

Wiesner has somewhat recently shown that the seedlings of Viscum album will

not grow in constant darkness, light being necessary for their phototonic condition §.

This fact was verified by Guerin in 1892 ||.

I may say at once that, although it was almost superfluous, the absence of gcotropism

and the existence of negative heliotropism were confirmed by me in the hypocotyls of

two species of Loranlhus,—L. loniceroides and L. neelgherrensis. In the cases of

Ij. cuneatus, Zu lonffiflorus, L. capilellatus, and Notothixos floccosus also, observations

made on the direction of curvature during germination experiments showed that

geotropism plays no part, and negative heliotropism a very great part, in eflecting the

curvature of the growing hypocotyl.

So far, the analogy with Viscum is complete ; but with respect to growth in the dark

there is a striking difference. I find that tlie members of the genus Loranthus differ

among themselves, and from Viscum, in this respect.

Bipe seeds of L. loniceroides and L. neelgherrensis were stuck on the branches of a

species of Limonia growing in a pot, which was then placed in a dark room. At the

end of two weeks the plants were examined, and gave results from which the following

conclusions are drawn :

—

Loranthus loniceroides stands midway between Viscum album and other species of

Loranthus. The hypocotyls of this species grow in the dark, but very slowly, com-

pared with similar hypocotyls exposed to the light.

In L. neelgherrensis, the growth and curvature of the hypocotyl in the dark is great

;

indeed, in one case, to be discussed in another connection later, the growth was

sufficient to bring the head of the hypocotyl in contact with the branch on which it was

stuck, and enable the " primary root " to grow from the hypocotyl into the host in the

form, as microscopic examination showed, of a wedge-shaped mass of cells.

This is not surprising, so far as the outgrow^th of the " root " from the head of the

hypocotyl is concerned, for, as I shall show, darkness seems to favour this outgrowth.

The surprising part of the affair is the ability—in the absence of light—of the hypo-

* Dutrochet, ' Recherches anatomiques,' 1 vol. in 8vo. Paris, 1824.

t De Candolle, ' Physiologie Vegetale,' vol. iii. p. 1410.

+ Duhamel, ' Physiologie des Arbres,' 1758, vol. ii. p. 137.

§ Wiesner, in Bot. Zeit. 1878, vol. i. p. 43.

II
Ch. Guerin, "L'Histoire naturelle du Gui," Bull. Soc. Linn. Nonnandie, ser. iv vol. vi. 1892.
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cotyl to reach the host, since the curvature so characteristic of the hypocotyl of Viscum

and Loranthns alike is generally described as due only to the directive influence of lii;ht

on growth *.

This ability of the hypocotyl of L. neelgherrensis to grow and curve in constant

darkness was also proved by the following observation :—Ripe seeds of this species were

frequently sent to me from the hills. They were picked in the morning, at once enclosed

in boxes, and sent off. When any delay caused a day or two to elapse hefore I opened

a box, it was invariably the case that many of the seeds had begun to germinate, the

hypocotyl projecting (coiled up, or at least much curved) througli the seed-coat, which

itself, till its rupture, cut off all light from the seed (of. figs. 3 and 4, PI. X.).

It is the same with L. cuneahis, whose fruit, seed, and curious hypocotyl most closely

resemble those of L. neelgherrensis. I can speak with less certainty of L. longijlorus

(cf. fig. 15, PI. XI.), although it is probable that here too the hypocotyl grows out from

the endosperm and curves in the dark.

But JO. loniceroides and L. neelgherrensis differ in yet another respect, in their reaction

to constant darkness. In hoth species the hypocotyls, even whilst enclosed in the

endosperm, are green, owing to the presence of chlorophyll ; during growth in the dark,

however, the hypocotyl of L. loniceroides loses its green colouring matter and becomes

yellow, that of L. neelgherrensis remains vividly green and rich in chlorophyll.

Prom the point of view of evolution it w^ould he interesting were these observations

extended, for there can he scarcely a doubt that a series might be constructed connecting

those Loranths which perhaps normally develop in the dark (non-parasites), e. g.,

L. terrestris, Hook, f., with those which have completely lost the power of germination

Fig. 5.

• Feb 8 Marcm 3 ^ARCW ?0

in what was originally their normal manner, viz., in the dark. The loss of this ancestral

character seems to be carried far in L. loniceroides, to have hardly occurred in L. neel-

gherrensis or L. cuneatus.

A more immediate interest attaches, however, to the facts just set forth. The

hypocotyl of i. loniceroides develops in total darkness but slowly, it is true ; still, in the

course of 1 or 2 weeks it reaches a length of 1 cm. or more, and showsfrequently distinct

curvature. The hypocotyl of X. neelgherrensis in the dark grows more and curves much

more.
* Cf. Guerin, loc. cit. p. 192 et seq.
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Purtlier, a seedling of Loranthus loniceroides (showing distinct curvature of its dark-

grown hypocotyl) exhibits much more curvature when, after preliminary exposure to

light, it is allowed to continue its germination in a dark room (woodcut 5 b). Leaving

aside the last statement as involving more complicated conditions, I wish to examine

this cvirvature. L, loniceroides {cf. fig. 6, PL XI.) has a most convenient hypocotyl

for purposes of measurement and observation of change in position, and was therefore

selected for experiment.

In the first place, seeds of Jj. loniceroides w^ere germinated opposite a window and

the position of their hypocotyls noted from time to time. As the hypocotyl grew^, it

curved so that its head was turned from the light, but later an S-sbaped curvature was

set up in the hypocotyl, resulting, in some cases, in tbe pointing of the head of the

hypocotyl toward the light {cf. woodcut 6). The hypocotyls of Z. loniceroides, then, do

-Fig. 6.

not curve merely in obedience to negative heliotropism ; there is another factor which

must be considered, viz. some kind of nutation. That nutation actually occurs was

shown by adopting the method devised by Darwin * thus :^The body of a seedling was

appropriately fixed, and to the head of its hypocotyl a delicate filament of glass was

fastened by means of sealing-wax. This filament bore at either end a minute triangle

of paper, the two triangles being so fixed that their surfaces were at right angles to the

glass filament. Dots made on a vertical glass plate at points where, on looking through,

the two triangles w^ere seen to coincide, indicate the change of position of the head of the

hypocotyl.

The result show^ed that the hypocotyl of X. loniceroides when growing normally is

under the directive influence of light ; but also that it is in a condition of nutation.

Eurther, this nutation has influence in determining the ultimate curvature of the

hypocotyl, and, consequently, the final position to which the head of the hypocotyl is

brouo-ht.

The curvature of the hypocotyl in the dark w^as next investigated. The method
described above was adopted. At each registration of the position of the triangles the

seedling w^as necessarily exposed, though for very short times, to the light. The
objection that the darkness was not absolutely continuous might be urged ; but since in

absolutely continuous darkness curvature of the hypocotyl has already been shown to

occur, it seems to me fair to assume that the results of this examination are not vitiated

by the temporary exposures during the making of the dots on the glass plate. Under

* ' Power of Movement in Plants,' Introduction, p. 6.
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these circumstances also, nutation curvatures, due to tlie irregular growth of the

hypocotyl, occur.

If reference be made to woodcut 6, it will be seen that the nutation which occurs in

these hypocotyls may in some degree be likened to the "undulating "nutation described

by Wiesner * and others in the case of growing •* epicotyls," whereby the whole epicotyl

assumes an S-shaped curvature. If the series of figures showing the development of

Lorantluis loniceroides under ordinary circumstances be examined (fig. 6, PI. XI.), it will

be seen that what indeed is normally present is exactly such an S-shaped curvature

;

that at first, owing to the apparently innate nutation aided by the negative heliotropism,

the hypocotyl bends down tow^ard the shaded side ; but at a considerable time after the

suctorial disc (the head of the hypocotyl) has become fixed to its support, the upper end

of the hypocotyl (that nearest to the plumule) grows more on its concave side, and thus

efl^ects the straightening out of the whole hypocotyl, so that its axis is now a straight

line. This fact has been interpreted f to indicate a " somatropic " [)0wer on the part of

the hypocotyl ; but it may be doubted whether the term facilitates the understanding of

the process.

This nutation which occurs in Loranthm independent of light and of gravity has been

dwelt on at some length, partly because of the general bearing the facts have on the

theory of nutation, but chiefly because the view generally held that the curvature of the

hvpocotyl of Lorantlms (or Viscum) is merely an expression of the directive influence of

light (negative heliotropism) must, I think, be modified thus :—the ordinary curvature

of the hypocotyls of such Loranths as L. loniceroides is not merely due to negative

heliotropism; but is the resultant of this, together with nutation. But that this

nutation is in itself highly important for the success of the parasite in any anomalous

position in which it may find itself has already been practically illustrated by the

account given of the L. necUjherrensis seedling which, though grown in the dark,

succeeded by its nutation in bringing its " suctorial disc " to the host.

It not unfrequently happens that seeds of L. loniceroides, having been placed or

dropped on a branch, topple over so that they come to lie upon the branch. The

hypocotyl of such a seed grows out and bends immediately by negative heliotropism

towards the branch (cf. woodcut 4 a), and its head, reaching this branch before it is more

than 3 or i mm. in length, fails to remain there, being carried away by the elongating

and nutating hypocotyl. A similar condition of aff'airs is brought about when the seed

of L. loniceroides is so placed that its suctorial disc must soon come in contact with the

branch [cf, woodcut 4 b).

The " force " of this nutation is sufficient to overcome the power of light combined

with any influence which contact (see later) has on its *' suctorial disc." This is

exemplified by the behaviour of a hypocotyl of a developing L. loniceroides seed, so

placed that the hypocotyl will grow downward on to the branch which is 8 or 4 mm.
below it. Under these circumstances, as in the last case, the head of the hypocotyl,

* Sitzungsber. d. k, Akad. in Wion. Ixxvii. (1878).

t Vines, ' Physiology of Plaats,' p. 47*i.
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after reaching the branch, and even pressing against it, is carried away by the nutation

of the growing hypocotyL

To briefly sum up :— Though it is perfectly true that the hypocotyls of such members

of the genus Lorantlius as L. loniceroides are, as has already been proved by others to

be the case with Viscum album, negatively heliotropic and ageotropic, yet an important

means in addition to the negative heliotropism, w^hereby the curvature of the hypocotyl

is brought about, is the nutation w^hicli occurs in these hypocotyls. By this nutation

tlie " suctorial disc " may be brought, from the position into which negative heliotropism

brings it, to point directly toward the light. If no branch or object of attachment is

available, the hypocotyl may ultimately become coiled up very like some tendril which

has not met with a support. By this nutation the " suctorial disc," if it fails to reach

the host by the direction which negative heliotropism impresses upon it, is brought into

a series of positions whereby its chances of obtaining some hold on a suitable object are

enhanced.

It may be remarked, in conclusion, that these hypocotyls are apparently possessed of

more bilaterality of structure than those of ordinary seedlings, and, indeed, it is by no

means uncommon to find the axis of the embryo obviously curved. Now Sachs has long

ago pointed out " that seedlings of Dicotyledons are remarkable illustrations of bilateral

structures which nutate in one plane " *, so that it may be that the more irregular

nutation which occurs in the Loranths, above mentioned, is associated with tbe greater

structural irregularity of their hypocotyls.

G^^oicfh of Hypocotyl.—On the germination of the embryo of L. loniceroides, the head

of its hypocotyl is pushed out from the endosperm by growth in a region just behind

this head ; later growth is greatest in the most recently emerged zone.

At a later stage, when the hypocotyl has reached a length of about 1 cm., an inter-

calary region occurs in which the rate of growth is higher than in zones on either of its

sides. A third and smallest maximum of growth connected with the increase of the

sucker occurs at the distal end of this latter organ.

The grow^th of the head (suctorial disc) is, as will be shown in the anatomical section

of the paper w4iich is to follow this, connected with the later development of the main

(penetrating) root, a development which proceeds to some extent when the head is

growing free and not in contact either with a branch or even with an inert body. This

growth is especially marked in L. neelgherrensis, and has been mentioned in the

description of the germination of this species.

To these observations on the growth of the sucker may be added some on the enlarge-

ment of the head (suctorial disc).

Under ordinary circumstances the head of the hypocotyl of L. loniceroides, on reaching

the host, swells considerably, becoming conical (fig. 6, PI. XI.), with its broad base

firmly afiixed to the branch. When, however, the seedling is so placed that the head of

the hypocotyl is free, this swelling does not take place ; but the originally flat surface

of the suctorial disc becomes first regularly convex, and then a number of irregular

projections appear on its surface.

* Sachs, ' Text-book of Botany,' p. 857 ; English translation, 2nd edition.
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Tn the dark, where, as has been mentioned, the rate of growth of the hypocotyl of

Loranthns loniceroidesh much less tlian in light, the ho^'id docs not assume aconicjil form,

hut, by the outgrowth of its originally flat distal surface, becomes almost spherical, or the

white projection may grow out beyond the general surface of the disc. In L. neelgher-

rensis a similar white projection from the free end of the hypocotyl often, even when the

latter is free and the seedling is grown in the light, reaches a length of several millimetres.

In this species such an outgrowth, about 2 mm. in length, pointed in one case vertically

upward, thus seeming not only to be agcotropic, but also to have no reactivity to light,

since after the outgrowth had commenced the seedling was removed from the dark and

so placed that it received light from one side only.

The interest of the question lies in the fact that the aerial roots which develop later

are in a high degree negatively heliotropic, turning back on themselves on reaching the

free ends of branches along which they grow, and generally seeking the under-sides of

these branches.

V.

—

Effect of Contact on the Hypocotyl and on its Suctorial Disc.

In the preceding section the relative influences of nutation and negative heliotropism

on the ultimate position of the hypocotyl were discussed.

I endeavoured further to ascertain what other irritabilities the hypocotyl possessed

—

whether contact or pressure produced any curvature-movement. I found that tlie

general surface of the hypocotyl was not irritable to contact : that when, for example,

threads bearing small weights were hung over the hypocotyl no effect or curvature was

produced. Hypocotyls of L. loniceroides growing in the dark, in which the curvature

was slight, were also tested by means of these threads, and they also showed no contact-

curvature.

I next sought to ascertain whether the suctorial disc (head of sucker) was affected by

contact after the manner of roots*. Small squares of various objects, such as paper,

sand-paper, and bark, were afExed by pressing them gently but firmly into the resin-drop

which covers the head of the sucker, so that they stuck on obliquely. In no case did

any curvature result, so that neither the edge of the hypocotyl nor its general surface

responds by curvature to contact.

Nevertheless the minute pieces of paper, etc., do produce an effect on the growth of

the free surface (root-surface) of the sucker, llepeatedly, as the result of the contact-

stimulus set up by these small objects, the " root-end *' of the hypocotyl, i. e. the free

distal surface, grew out not symmetrically, but in the region of the affixed body. In

other words, contact has an influence in bringing about the development of tluj

projections similar to those referred to in the preceding section. This was corroborated

in several ways.

Firstly, on four or live occasions small flies were observed to be caught on the viscid

drop of resin (which covers the distal surface of the suctorial disc). These flies died and

gradually turned brown, and irregular projections of the free surface grew out in their

direction.

* Cf. Daxwin, ' Power of Movement in Plants,' p. 125, etc.

q2
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Secondly, experiments were made thus :—after the hypocotyl had almost reached its

full length, the seedUng Lot^anthus lonieeroides was so placed that the free end of the

suctorial disc came in contact obliquely with tinfoil. The root-end grew out in the

direction of the foil and in that region only, as is shown in fig. 9, PI. XI. The

suctorial disc, then, possesses contact-irritability, in consequence of which the *' root-

end " grows out toward the touching body.

In yet another case this contact-irritability was demonstrated by an experiment

primarily devised to determine whether contact played a part in calling forth the rapid

swelling of the conical head of the hypocotyl which takes place when it reaches a branch.

A piece of glass cover-slip was pushed flatly on to the free surface of the suctorial

disc. The natural resin held it in its place. On looking through the glass the outline

of the disc could be seen, and marks were made on the glass coinciding with the limits of

the disc.

After seven days the sucker's edge still coincided with these marks, showing thereby

that contact with an inert body had not caused a swelling of the sucker ; but during

this time a white *' root " had grown out and projected about 2 mm. beyond the rim

of the suctorial disc. Now the head of a hypocotyl which has reached a branch
** swells " very rapidly indeed in the course even of one or two days. Whereas, then, the

head increases rapidly when its host is propitious, i. e. when it can penetrate the host,

no such increase occurs when the head is pressing even vigorously against an inert body.

It seems possible, therefore, to distinguish between the swelling of the head, which

occurs only when the sucker reaches a host into which it can penetrate, and the out-

growth of the root, which is brought about (at least to some extent) by contact pure and

simple.

In order to examine early stages of penetration into the host, seedlings were grown on

bottle-cork. In these cases entry was effected (woodcut 2), and the hypocotyls swelled

considerably. AVhen, therefore, the head of the hypocotyl comes in contact with any

body, a contact-effect is produced, by which the root-end of the head grows out—not

necessarily swelling—and its superficial papillate cells press firmly against the opposing

body. If, however, the opposing surface is impenetrable—tinfoil, glass, etc.,—these

papillate cells cannot penetrate, but continue to pour out large quantities of a semi-

watery resin. If the host is a branch or piece of bottle-cork, the suctorial disc swells

and the papillate cells effect an entry, apparently each of them for itself, into the cells of

the host, and instead of continuing to be merely or mainly secretors of resin they

become richly protoplasmic. They differ, moreover, in form : those growing into the

bark or cork become cylindrical, with rounded ends (woodcut 2) ; those growing freely

are much longer and more irregular in outline, and have richly granulated cell-

contents.

I would suggest, therefore, that so far as these papillate cells are concerned, their

entry is partly a matter of pressure, for the outgrowing root-end of the sucker does

produce pressure sufficient to indent a fairly resistant surface, and, as I observed in

another case, to actually split the surface of the bark of a branch into which the root



THE LORANTHACE^ OF CEYLON. Ill

subsequently entered. In addition to this entry by pressure, woodcut 2, already

referred to, shows, I tliink, quite clearly that each cell penetrates a cork-cell, and that

the cell-wall through which it has to pass completely disappears, and is not merely

pushed inward and ultimately ruptured. In this method of penetration partly by

pressure, partly by solution, these surface-cells of the sucker present a close parallel with

those of the baustoria of Cuscuta, Tourn.*.

Returning to the question from which this discussion arose, contact has been shown

to influence the outgrowth of the " root-end " of the head of the hypocotyl, and probably

also the growth and nature of the papillate cells of the head ; but, on the other hand,

the swelling of the head is not promoted by mere contact—does not take place when its

distal surface comes in contact w^ith an inert body, as glass or tinfoil. It seems, therefore,

that this swelling is the result of a stimulus in some way due to the penetration of the

hairs into the host, and possibly to be likened to the later hypertrophy of the host-stem

itself at the place Avherc the parasite sits.

Finally, with reference to the action of contact and pressure, it was found that

whereas a " suctorial disc " of a rapidly elongating hypocotyl, on reaching a branch, very

quickly applied itself closely to that branch, it, on reaching an inert body, such as

tinfoil or glass, slid along that surface, leaving a resinous track, and sooner or later

curved completely aw^ay, even though in so doing the head was brought directly toward

the light. It seemed at first that this was the result of contact, and in the sense that

** every stress, every strain produces an accelerating or inhibitory effect on growth "f,

contact, clearly, does produce an effect ; whether, however, the edge of the hypocotyl is

sensitive to contact in the narrower sense in which root-tips and tendrils, etc., arc said to

be, is not decided by the mere fact that, generally speaking, when the head reaches a

branch it remains there, but when it comes in contact with inert bodies it curves away.

Such a view w^ould necessitate a belief that the hypocotyl possessed some selective

power in determining its host, a supposition which is unnecessary. Pfeffer has demon-

strated that tendrils, which of course possess in a high degree contact-irritabiKty, do

not respond when brought into contact with wet gelatine—that this sul)stance does

not call forth contact-irritability. Pierce has recently used this method in investigating

the presence or absence of contact-irritabiUty in the stem of CuscutaX. It was applied

in the case of the suctorial discs of Loranthus lonicei^oides. Seedlings were so placed

that their hypocotyls were bending downward on to glass plates covered with thin

gelatine, over whose surface water was continually drawn by means of strips of

blotting-paper. The head soon reached the gelatine and quickly curved away. So that,

usin"" the contact-irritability of tendrils as a standard, the curvature of the head away

from the surface of the gelatine shows that there is no need to suppose that the head is

possessed of contact-irritability.

An examination of the various forces which may contribute to the opposite results of

* Pierce, ' Ann. of Botany,' viii. lyoi, p. 55, etc.

t Pfeffer, ' Plianzenphysiologie, Bd. ii. p. 151.

+ Pierce, loc. cit. p. (i5.
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impact with bark and with inert bodies respectively shows, I think, that this behaviour

may be explained without the help of contact-irritabiUty on the part of the head or edge

of the sucker.

There are in both cases various " forces " tending to keep the sucker in its place

on the branch, and others tending to carry it away. Among the former are negative

heUotropism, the resin on the free surface, rapid growth of papillae into the host

inducing swelling of the sucker especially at its edges, whereby it may be imagined to act

somewhat after the fashion of a surgeon's " cup." On the other band, tending to the

removal of the head of the hypocotyl, is the nutatory growth which, acting favourably at

one time, will act unfavourably at others ; and the pressure-effect, whereby the hypocotyl

tends to take the line of least resistance. In the case of hypocotyls attaching to the

branch, the factors favouring adhesion outweigh those tending toward removal of the

head ; but not always, and therein lies confirmation of this view. It has already been

remarked that hypocotyls whose heads come very soon in contact with a branch are

carried completely away from the branch into which other heads of hypocotyls, whose

curvature is more complete, are growing quite normally. In other extremes, also, the

same thing occurs. Old hypocotyls which are nutating in small irregular circles may

come in contact with a favourable branch, and yet, owing probably to failure of resin and

hairs, be carried away by the continuation of the nutation.

This curving away from the surface is the normal course of affairs when the host is

some hard inert body, such as glass or tinfoil, for the nutation tends toward removal, and

fixation is not aided by an ingrowth of the surface-cells, nor by the growth of the edges

of the disc (and this latter seems to have an indirect effect as well, inasmuch as the resin

is not pressed well into the surface of the host and does not set firmly).

To briefly sum up this section :—absence of Hght tends markedly in Loranthus lonice-

roides to inhibit growth of hypocotyl, less so in such species as L. neelgherrensis ; absence

of light promotes the outgrowth of the root-end of the hypocotyl, i, e. root-formation.

The general surface of the hypocotyl does not respond to contact. Contact, however,

favours the outgrowth of the root. The root, in growing out, exerts considerable pressure

—sufficient in some cases even to split the bark of the host-branch.

The hypocotyl curves away from inert bodies, and even from its natural host when

reached at unfavourable times. This curving away is not the result of contact-irrita-

bility, but represents the direction of the resultant of opposing " forces," viz., on the one

side nutation and pressure-effect (line of least resistance), on the other negative heUo-

tropism, adhesive power of resin and of ingrowing papillae, and growth of the rim of the

suctorial disc.
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APPENDIX.

Forms of Fruits and Seeds of some Species of the Cingalese Loranthacea;.

There are in Ceylon some 15 species of Zoranthus, G species of Viscum, 1 species of

Notothixos, and 1 species of Qinalloa. The species of which I give some account in this

section are those which in the following list are not included in parentheses
( ). The

list is taken from Hooker's FL Brit. Ind. vol. v. p. 203 et seq. Those species marked

with an asterisk (*) are endemic.

Section I. Euloranthus
,

„ II. Phoenicanthemum

IV. Cichlanthus .

V. Dendrophthoe

VI. Tolypanthus.

VII. Elvtranthe ..

(Loranthus nodiflorus, T'Aw.)*.

(L. cnsifolius, Thw.)*.

L, Hookerianus.

L. Scurrula.

L, tomentosus, Heyne,

L. cuneatus.

(L. sclerophyllus, Thw.)*.

L. ligulatus, Thw.

L. suborbicularis *.

L. longiflorus.

(L. lonchiphyllus)*.

L. neelgherrensia.

L. Gardneri *.

L. loniceroides.

L. capiteilatus.

Viscum (monoicum, Koxb.).

orientale, Willd.

(capitellatum, *?m.).

(ramosissimum, Wall.).

(articulatum, Burm.f,).

(japonicum, Thunb.).

Notothixos lioccosus.

(Ginalloa spathulifolia, O/irer) *.

The above list is merely given as an indication of the representation of the order in

Ceylon.

The following descriptions of fruit and seed may be found useful :

—

Loranthus loniceroides.—Fruit " ellipsoid " t ; really its elliptical body is continued above

into a short tube (bases of calyx), giving it a flask-shaped appearance (fig. 4, PL XI.).

Fi^it dark, glossy, green when ripe, rapidly turning black (as in many other species)

owing to large quantity of tannin contained ; bracts scarcely deciduous, though so stated

in the * Plora of British Indici.' Inner layers of fruit (false berry) form green pulp, slightly

sweet ; seed on squeezing fruit issues basally, Girrying with it (fig. 5, PL XI.) a layer of

" viscin " attached to basal end of seed. Viscin semitransparent, sticky, rapidly drying

t Hooker, ' Fl. Brit. India,' v. p. 221.
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and then not swelling up again (as is stated to occur in Viscum album*). The viscin

consists of cells which have hroken down to mucilage. These cells are attached to the

hase of the seed by a short column of stout cells which project from the base of the endo-

sperm. Owing to the connection of the viscid layer with the pulpy part of the fruit-

walls, the seed turns a somersault on issuing, and thus the apex issues first ; further

squeezing extracts the pulp. Seed 1 cm. long, green or green-brown colour (owing to

thin parchment-like layer covering greenish endosperm), ellipsoid, 6-grooved.

Loranthus capitellatus.—Regarded as a variety of the former species by Thwaites and

Sir J. D. Hooker : fruit differs considerably, but very variable, and in some variations

approaches that of the former ; but fig. 11, PI. XI., shows well-defined colour and shape

considerably different from that of L. loniceroides. Truit, unripe, colour bright red

;

ripe, glossy green-black ; tube surmounting body of fruit longer than that of L. loni-

ceroides ; seed very similar, but shorter and more spherical.

X. Gardneri.— ' Elora of British India:' "Emit (young) ellipsoid." I find fruit,

almost sessile, unripe huffy colour, ripe red (fig. 7, PI. X.), 8 mm. long, surmounted

by narrow rim—the remains of the 5-toothed calyx ; often 4 fruits in coloured bracts

(fig. 6, PI. X.), base of fruit 4-5-punctate ; white seeds issue apically ; viscin yellow,

watery, very viscid, investing mainly the upper half of the endosperm. Seed : endo-

sperm white, head of embryo protruding yellow, because enclosed by viscin ; tough viscin

extends considerably above head of embryo ; endosperm affixed to base of fruit by a non-

viscid white cup, continuous above with viscin (fig. 7 b, PL X.) ; this viscin prevents basal

attachment of seed to host. Embryo (fig. 7 c, d, PL X.), head surrounded by semi-

transparent viscin, yellow-green, curved in fruit ; cotyledons fused, bright green, furrowed

on one side ; whole embryo very delicate. Endosperm (covered by some yellow viscin)

white, like that of a hard-boiled e^g.

L. suhorbioularis has an oval fruit which, when ripe, is bright red, and its seeds are

dumb-bell-shaped and green. In neither this nor in L. tomentoms does the hypocotyl

grow to any considerable length. Their germination resembles that of L. Gardneri^

already described.

L. neelgherrensis.—Eruit, described in Hooker's ' Elora of British India,' " oblong, half

an inch : smooth "
; its shape is rather obovate-ovoid (fig. 1 a, PL X.) ; unripe, dark green,

smooth ; ripe, bright orange, surmounted by remains of calyx ; seed issues apically on

squeezing fruit ; the layer of the fruit-wall surrounding the endosperm consists in the

unripe fruit of cells standing at right angles to long axis and rich in resin ; as the fruit

ripens this layer becomes less resinous, so that the seed on issuing is covered by a watery,

somewhat sticky layer, which turns brovm on exposure to air (fig. 5 a, PL X.). Seed

somewhat elliptical, pointed acutely at basal end ; hypocotyl and cotyledons containing

much chlorophyll, green ; head of hypocotyl in ripe seed projects just beyond endosperm

and presents a pitted appearance, owing to its surface being covered by a great number

of minute projecting lobes consisting of groups of cells containing chlorophyll and rich

in tannin.

The embryo is usually not quite symmetrical within the endosperm ; its cotyledons are

* Ch. Guerin, in Bull. Soc. Linn. Xormandie, 1892.
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of iirioqual size and fused except at the tips, the line of fusion ])eini^ indicated on tluMr

surface by a linear depression, llypocotyl just below hejid is oval in section, wliilst a

section throuiifli the head shows a splieric-al sliape, though projectins:^ all round from the

surface are the small lobes. Two embryos arc occasionally developed in one fruit, as

is sometimes the case with Viscum album.

Loranthus euneatus.—The fruit and seed closely resemble those of L. iwelghei^retms,

already described. Fruit is smaller than in that species, 1 cm. loni^. ; shape, ' Flora of

British India ' says, " oblong," but rather that indicated in fig. 2, PI. XT., dull rose-coloured

at base, green above, apex irregularly lobed ; seeds issue basally, enclosed chiefly toward

the root-end in watery whitish viscin ; seed flask-shaped, broad end basal, apittil end

covered with a more sticky substsmce in the form of five horns ; seed rosy-red

beloAV, yellow above owing to the viscid covering just mentioned. On separating these

viscid horns the minute head of the hypocotyl appears just projecting from the green

endosperm.

The embryo is small, green ; cotyledons fused.

The mode of germination so closely resembles that of L. neelgherrensis that no

description need be given.

L. longijlorus.—Two varieties grow in Ceylon, the normal and var. amplexifolia. The

difTerence is mainly one of leaves, no distinction in fruit, seed, or mode of germination, so

that one description will suffice. The fruits are large, 2 cm. oblong, bright red when

ripe (fig. 12, PI. X.), green unripe ; fruit-coat very thick, tough ; seeds issue apically,

embedded in yellow viscid matter, which takes the form apically of 5-0 viscid elastic

horns (fig. 13, PI. X.). If in an unripe seed a circular cap be cut off the fruit, as

in fig. 16, PI. X., the horns are found already formed and projecting into as many
compartments of the fruit-coat. At the time of ripening these horns break down,

becoming more watery ; the basal surface of the seed has no sticky stuff attached to it,

but presents a dry white appearance. Endosperm hard, whitish yellow ; surface brown,

owing to drying of viscin layer : in the ripe seed the broad head of the embryo projects from

it (fig. 13, PL X.). The distal surface of this head is slightly convex; its outline in a

plane at right angles to the main axis of the embryo is circular—that is to say, this head

is lenticular. Around the edge of this lens-shaped head is a fringe of multicellular

projections (fig. 15 h, PI. X.) . The embryo is often not quite symmetrical in the

endosperm. Continuous with the head is often a thread of cells transparent viscid, the

remains of the suspcnsor. Whole embryo bright green, chlorophyll-containing, whilst

enclosed in the endosperm ; the head on its escape from the latter secretes a resinous

substance.

Cotyledons fused, except at junction with hypocotyl, where is a slit. Very frequently

the embryo shows a curvature already noted in other species.

Viscinn orientale—The fruits of this leafy Viscum are small, green, somewhat

lenticular, with oval outline (fig. 9 a, PL X.). When ripe, gentle pressure causes the

fruit to suddenly burst, whereby the small (2-3 mm. long) seeds fly out. There is only a

small quantity of viscin, and this is attached to the base of the seed. The ungerminated

seeds resemble in such a remarkable degree small green aphides that I was able to deceive

SECOND SERIES.—BOTANY, VOL. V. E
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Mr. Nock, tlie bead gardener of tlie Hakgala Gardens, by placing some of tbe seeds

on a garden plant. I do not suggest tliat tliis is a case of mimicry, but ratber one

of accidental, thougb strikingly close, resemblance. Tbe embryo is minute ; tbe bypo-

cotyl bas a sligbt swelling at its free end, and is, like tbe endosperm, green.

Notothixos floccosus.—Pruit " ovoid, white, one-eigbtb of an incb long"*; tbe fruit

is J incb long, and, wben fully ripe, white and glabrous, in tbe almost ripe stage is buff-

coloured and tomentose. Tbe ripe fruit is remarkably like tbat of tbe ordinary Mistletoe

{Viscimi album) ; seed lenticular, with a small amount of viscin attacbed basally (fig. 10,

PL X.).

Loranthus Hookerianus.—Plower and fruit small. Pruit 5 mm., globular, rusty red

;

seed issues basally. Base of seed wbite, non-sticky, punctate, upper balf surrounded by

white viscin, sticky. Endosperm green ; from it tbe bead of tbe embryo projects.

Embryo : bypocotyl almost globular ; cotyledons small, fused.

Tbe small seeds are often found in groups, in excrement of birds, and most, so found,

dry and bard—dead ; some few, however, are germinating. The same applies to other

small-seeded forms of Lorantbacese, e. g. Notothiocos Jloccosus. See section on distribution

of seeds.

It is noteworthy tbat in these small-seeded forms tbe greatest (or only) stickiness is at

the apical end of the seed, e. g. in Loranthus tomentosus, L. Gardneri, etc. ; whereas in

the large-seeded forms, whose bypocotyls grow to a considerable length, it is tbe basal

end of the seed which becomes firmly attacbed by its viscin to the host.

EXPLANATION OP THE PLATES.

Plate X.

Fig. 1. Flowers and fruit of Loranthus neelgherrensis. Flowers {c) show clefts between corolla-lobes

and also the slit or throat of opened flower, b. Section through ripe fruit showing green

embryo and white endosperm.

2. Seed of L. neelgherrensis germinating on Acacia leaf
;

green, lobulated hypocotyl, and brown

layer of dried viscin covering endosperm.

3 & 4. Fruits of L. neelgherrensis, dark-grown (3 times nat. size), whose walls are burst by growth

of embryo. In fig. 3 a white " root-structure " is growing from the free end of the hypocotyl.

Fruit-coats black, owing to the large quantity of tannin they contain. Fig. 4 shows cleft

whence the plumule emerges. The cotyledons, almost entirely enclosed in the endosperm, are

fused except for this cleft.

5. Germinating seeds of L. neelgherrensis. a. Showing first-formed leaves and a white structure

(indicated by r in b) growing from the free end of the hypocotyl.

6. fl, b. Flower and fruits of L. Gardneri. c. Fruits enclosed in a whorl of brightly coloured

bracts.

* Hcoker, Fl. Brit. India, vol. v. p. 228.
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Fig. 7. Fruit and seed oi Loranthus Gardneri. a. Ripe fruit (nat. size). A. Seeds enclosed by yellow

viscin and basal white non-viscid cap. c, d. Seeds, nat. size; viscin completely removed.

e. Non-viscid cap removed (at side) and also the watery viscin surrounding the body ol

endosperm, the yellow and much more sticky viscin around the head left. /. Embryo

dissected out from fruit seen from side, y. From the side of the slit (for plumule). Note

lack of symmetry of embryo whilst in the fruit.

8. Germinating seedling of L. Gardneri on leaf of wild Durian. Entry has been etfectcd and a

lateral root thrown out.

y. a. Fruits of Viscum orientale. b. Nat. size. c. Enlarged germinating seeds of V. orientate;

endosperm and hypocotyl green, d. Seeds of V. orientate issuing basally from fruit-coat.

10. a. R^^e iraity A'otot/dxos floccosus. b. Seed with inner layers of fruit-coat (not viscid) at side

and viscid basal thread; endosperm green, c. Germinating seed of ditto, free end of hypo-

cotyl not swollen to a head.

11. Loranthus longijtoras. Flower; buds show slits at the bases of the corolla-lobes.

12. L. tongiflorus. F>uits.

13. a. Endosperm surrounded by viscin, which is continued above into 5 or horns (r/. fig. 10).

b. Section through endosperm showing young embryo.

14. Section through nearly ripe fruit.

15. a,b. L. lonffijtorus germmnUn^. c. Ditto: ventral aspect of disc of hypocotyl.

16. L. tongiflorus, fruit, a. In section, b. Upper ^ removed^ showing viscid horns.

17. L. tongiflorus. Young embryo, much enlarged.

Plate XI.

Fig. 1. LorantJius tomentosus, var. tanvginosus, showing the positions of the corolla-lobes, stamens, and

style after explosive opening.

2. Fruits of L. cuneatus.

3. Flowers of same. a-e. Successive stages.

4. Lorantfms toniceroides. FVuit.

5. L. toniceroides. a. Shows seeds issuing basally; to the base of the seed sticky viscin is

attached, b. Germinating seeds, showing apex of hypocotyl, and cotyledons not fused.

c. Apex of hypocotyl.

6. L. toniceroides. d. Successive stages of germination and attachment, e. Firmly attached to

host ; it has excised its cotyledons and endosperm, exposing the plumule. /. Young plant

from whose swollen base a lateral root is arising.

7. L. toniceroides which has failed to reach a host, head not swollen, and grown out into irregular

white mass.

8. Group of seeds oi Loranthus toniceroides and Viscum orientale found together on a branch.

9. L. toniceroides grown so that the head of its hypocotyl was in contact with tinfoil. At the

place of contact a projection is thrown out.

10. L. capiteltatus. Flower.

11. L. capitettatus. Fruits ; chocolate-red are unripe, dark greenish-black ripe.

12. L, capitettatus. Germinating seed [cf. with that of X. toniceroides, fig. 6f/, PI. XL).



Keeble
Trans , Linn. Soc

.

Ser. 2 Bot.Yol.V.Pl.IO.

LqRA-NTHACE:^ OP CEYLOlNr



Keetle . TRANB.LmN.SoC,iSER.2.EoT.V0I. V.PlII

L0RATNTHACE7E GF CEYLOK .

J.N.FifccKIitK&imp.



LINNEAN SOCIETY OF LONDON.

MEMORAXDA CONCERNING TKANSACTi* t^S

The First Series of the Traissactious, containin;^ botli Botanscrtl and 'A- \
..' '

' rributions. hag been completed

ia 30 Yols., and a few entire sets are still for sale. Oli'v c-rtaiu ssiid-; v....:!. -^^ r r»nns tr. ooniTdete sets, may
be obtained at the orisjinal prices. Tbe price of the Index to Vols. 1--25 is '^^. to the j> :

' to Fellow-s ; to

Yols. 26-30, 4^. to the public, and 3s. to Fellows.

The Second Series of the Transactions i< divided into Zoological and Botani. i, -.\: -, The prices of the

Botanical parts of these which have been published are as undermentioned. (For the Zoological parts see Zoological

wrapper.)

Yolume.
When

Pybiished.

Price to the

Public.

£ 5. <L

Sk:OXD SOIIES. BoTAN'Y.

I. Part I. 1875 8

Part IX. 1875. .... 16

Part III. 1876. .... 12

Part lY. 1876 . 10

Part Y. 1878, .... 1 4

Part YI. 1879. .... 1 6

Part YII. 1880. .... 1 4

PartYin. 1880. .... 1 1

Part IX. 1880. .... 1

n. Part I. 1881. .... 12

Part 11. 18S2. .... 5

Part III. 1883 10

Part lY". 1883. .... 3

Part Y. 1883 3

Part YI. 1884. .... 18 6

Fart YII. 18S4. .... 9 6

PartYIIL 1884. .... 10

Part IX. 1886. .... 7

Fart X. 1887 3 4

.Part XI. 1886 8

Part 'XII. 1880. .... 8

Part XIIL 1887. . . ^ - 1 7

Price to

Fellows.

£ $. d.

6

12

9

7

18

19

18

16

15

9

3

7

2 3

2 3

10

7

7 6

5

2 6

4 6

6

10

When.
Pubiished

Second SF.RrE,-::.— P>

II. Fart XIV. Im-

part X '^
. > -

Fart XV I. l-

III. Fart I. im-

part U. 1-b

Fart III, l^i^l.

Part IV. 1
-

Farfc V i-*'

Part U, 1-

Part VTl. >'

Fart Vi 1 1 [^

Fart IN. !-

Fart N. '
-

Fart Xi- 1-

lY, Fart f. i-

Part \\. 1-.

Fart ILL >'

Fart IV. >
Y. Fart I. >:

Part n. :-

Fart ILL >•

3

1

t'

I,

2

£ s. d.

2 6

12

5

7

6

s

10

3

12

6

2

2

2 14

3 9

5

4

4

2

4

4

15

1 10

1 17 6

2 6

6 9

9

4 6



^OL. V. PAET 4

11 IK

I^RANRAnTIONS

OT

THE LINNEAN SOCIETY OF LONDON,

THE DISTRIBUTION OV PLANTS OX THE SOUTH S]I>E OF

THE ALPS.

BY

^^njiy B.VIJ., FJ!,8., F.L.S.

WITH AX i\iK"iuJ :^Mr( \..{K r:Y W, T^ Tin-KLTuV nVER. r.M.CJ-, C/Lll, FJl.S-.. F,L.S.

L K I) f) ^

MHiMi



[ 119 ]

IV. The Distribution of Plants on tlie South Side of the Alps. By the late John Ball,

F.R.S., F.L.S. With an Introductory Note by AV. T. Thiselton Dier, C.M.G.,

C.I.B., F.B.S., F.L.S.

Kead 2nd May, 1895.

The late Mr. John Ball, F.R.S , as is well knoAvn, devoted a considerable portion of a

very varied life to the minute study, both topographical and scientific, of the European

Alps. The results of the former were embodied in a ])ook, wliich, in its way, will, I

suppose, always remain a classic, the well-known * Alpine Guide.' Those of the latter

he never published in a comprehensive form, though he drew from time to time for

occasional papers upon the records which he had patiently accumulated for a period

of about thirty years.

Mr. Ball died on October 21, 18<S9, somewhat unexpectedly, after a brief illness.

Some time afterwards his widow placed in my hands his botanical papers in the hope

that I might be able to extract from them something of permanent value which would

record his long and patient labours upon the Alpine flora. The task was no easy one, and

I think I should have shrunk from it without the encouragement of Mr. G. C. Churchill,

the best surviving authority in the country on the subject, and of Mr. J, G. Baker, E.ll.S.,

the Keeper of the Kew Herbarium. As the result, I found that practically the whole of

Mr. Ball's work on the flora of the Alps is concentrated in the elaborate Table of the

Distribution of Plants on the South Side of the Alps which is now submitted to the

Society.

The precise nature of the task which Mr, Ball set himself is described in a lecture

*' On the Origin of the Elora of the European Alps," which he delivered before the

Uoyal Geographical Society on June 9, 1879. It will be best given in his own

words:—
" More than twenty years ago I began to tabulate the plants of the Alps, so as

to show the distribution of each species within the range of the Alps and on the other

mountains of Europe. As the southern side of the main chain has the richest and most

varied flora, and was at that time the less fully known, I divided it into fifty districts, and

set myself to collect materials from published works, from public and private herbaria,

and mainly from my own repeated visits—this part of my work involving, in fact, the

preparation of fifty local floras. Though I regard the work of botanical exploration as

vet far from complete, I in this way accumulated a great mass of materials, and

the question then arose as to what conclusions should be drawn from them." (Proc. R.

Geogr. Soc. 1879, p. 565.)

It will be seen that what Mr. Ball accomplished, and, so far as it is possible to judge,

in a tolerably exhaustive manner, is to work out the detailed distribution of the Alpine

flora for fifty easily recognizable districts on the same principle as that adopted with such
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conspicuous success by Mr. H. C. Watson for the Horaof Great Britain in his well-known
' Cybele Britannica.'

I learn that during the last few years of Mr. Ball's life, partly from failing eyesight,

partly from other causes, lie had worked but little at the Table, though he always

regarded it as of great importance. I do not know that this materially diminishes its

value. It is obvious that no work of the kind can ever be absolutely final.

I am indebted to Mr. C. H. Wright, Assistant in the Kew Herbarium, for the patient

labour with which he has prepared the Table for the press in a form convenient to

consult. Beyond this, which is a mere matter of typographical arrangement, no attempt

has been made to edit it in any way.

Mr. Ball appears to have compiled it partly, as he states, from recorded, but no doubt

in great measure from personal observations *. As he possessed an almost unique

knowledge of Alpine plants, I can hardly doubt that the details were in every case

critically sifted, and are, as recorded, thoroughly trustworthy.

There is, however, one obvious difficulty in work of this kind when data derived from

different sources are made use of; this is the reduction of the observations to a uniform

standard. Mr. Ball was fully a-ware of this. Scattered between the pages of the Table

was a profusion of loose scraps of paper on wdiich were written critical remarks relating

to the various entries. These have been carefully pasted down in their proper places in

the original manuscript, so as to be available for future reference. I thought at first that

a selection of these notes might have been made into a brief commentary. But the task

of attributing to them the particular weight which the author intended seemed all but

impossible, and it may be presumed that no entry had been made in the Table itself

without due deliberation.

It was also proposed to accompany the Table with a map showing the districts. This

idea was abandoned, and for similar reasons. Those who are acquainted with an intricate

mountainous country will readily understand that, though practically there may not be

the smallest difficulty in recognizing a particular district on the spot, questions of great

intricacy may and probably will present themselves in attempting to delimit it on

a map.

In the passage which I have quoted from Mr. Ball, he himself raises the question

" what conclusions should be drawn from " his work. And to this it must be confessed

that he himself has returned no satisfactory answer, so far as the problem of the local

distribution of the plants on the southern slopes of the Alps is concerned. Had his

life been spared to us we might have hoped that he would have seen his way to

summarize his results. At any rate, the material will now be available for anyone who
has the time and inclination for an interesting task. If I may venture to express my
own opinion, the best guide to the results wiU be found in a remarkable paper by the

late M. Alphonse de CandoUe, which was communicated to the International Botanical

* I take from a small note-book the following as some of the principal sources of information, besides his own
observations, of which he made use :—Eertoloni, Bentham, Ambrosi, Parlatore, Ilev. S. W. King, Boissier, Reuter,

G. C. Churchill, Nyman, Thomas of Bex, Moutiui of Bossoruo, Rev. Tietro Porta, Allioni, Pirona, Saussure, Cesati,

Lisa, Alberto Frauzoni, and Dr. Rostan.
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Congress held at Plorence in 1874. Tlic title is ** Sur les causes de I'in^gale distribution

des plantes rares sur la cliaine des Alpes." * It is worthy of notice that M. de Candolle

places as a text at the head of his paper the followini]i; quotation from Mr. Ball :
—" It is

a matter of curious inquiry to ascertain why certain districts of the Alps possess a far

more varied vegetation than others."

I must admit that the explanation offered by M. de Candolle has always seemed to

me extremely probable, and indeed almost convincing. Mr. Ball, who opened the

discussion, held other views which he developed subsequently in the lecture to which I

have referred.

But I think it only just to point out that, however much the views of Mr. Ball

and of M. de Candolle may differ in detail as to the way in which the results were

brought about, there is a substantial basis of agreement in the recognition of the fact

that there is an element of great antiquity in the Alpine flora which cannot be simply

accounted for on the hypothesis of a migration from the north during the glacial epoch.

As de Candolle shows, some of the most ancient fragments of the Alpine flora are now

to be found only on the souUwim slopes of the Alps. This is the case with species of

Primula, Pedicularis^ and Oxytropis^ which exist neither in the interior of Switzerland

nor in the North of Europe. De Candolle further points out that the Alpine species of

Camjjamila peculiar to Mont Cenis, the Simplon, and the neighbouring valleys, are not

related to Arctic species, but to those of mountain-chains to the eastward.

Both these distinguished botanists were agreed in admitting that the glacial period

must have played an important part in modifying the Alpine flora. Mr. Ball, however,

was somewhat disposed to minimize its effect. To him the Alpine flora was a fact of

great antiquity which the glacial period practically left unmodified. He continues:

—

" I could name a few plants whose present habitat on the mountains of Central

Europe may probably date only from the glacial period, and there are a few others that

have perhaps come in recent times from the mountains of Northern Asia ; but I venture

to affirm that the effects of the glacial period both on the distribution of plants and on

the climate of Europe have been greatly overrated. Even during the period of maximum
cold the highest ridges of the Alps were not completely covered with snow and ice ; for

we still see by the appearance of the surface the limit above which the ancient ice did

not reach, and in the middle zone the slopes that rose above the ancient glaciers had a

summer climate not very different from that which now prevails. In my opinion the

effect of the glacial period on the growth of plants in the Alps was to lower the vertical

height of the zones of vegetation by from one to two thousand feet." (Proc. B. Geogr.

Soc. 1879, p. 584.)

De Candolle, on the other hand, thinks that a large element was driven south, and

subsequently regained its footing only on the southern face.

Apart from the fact that the Table forms a minute and probably very accurate piece

of botanical topography, it must, I think, be evident from these considerations that a

detailed study of the distribution of plants on the southern slopes of the Alps was not

* 1 may refer, for those who have difficulty in consulting the original paper, to a brief abstract which 1 com-

municated to ' Nature' for April 27, 1876.

s2
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unworthy the pains which Mr. Ball hestowed upon it. It cannot fail to add a new

interest to the travels of botanists in this region. Each, of Mr. Ball's fifty districts will

afford a suggestive problem, if tested in the light of M. de Candolle's theory.

The following extract from the lecture already quoted is important as showing the

principles which Mr. Ball adopted in framing his list of species :

—

*' It is not . . . easy to fix the limits of the Alps on the northern and southern sides

where the mountains gradually subside into the plains. On the south side especially

many plants whose natural home is in the low country have spread into the valleys,

and appear here and there as immigrants ; while, on the other hand, numerous natives

of the warmer slopes (many of them not known to grow elsewhere) do not ascend to the

higher zone, but cannot be excluded from the study of the Alpine flora. I have, as a

rule, omitted from my lists the plants of the plains that appear in the Alps only as

occasional stragglers, but I have included all the other indigenous species, although

some of them do not rise more than two or three thousand feet above the sea-level."

(Proc. B. Geogr. Soc. 1879, p. 566.)

To this may be added a further passage giving the actual number of species which,

according to Mr. Ball's views, should be included in the flora of the Alps :

—

"I find in the whole region 2010 species, divided into 523 genera, included in 96

natural orders. But of these natural orders there are no less than 36 that are not at all

represented in the higher zone, and in the lower only by a few genera and species of

wide range. These 36 orders include 53 genera and 76 species—only an average of

about 2 species for each order—and evidently represent groups whose natural home
must be sought elsewhere. In addition to the 2010 species I reckon no less than 335

subspecies'—forms closely allied to recognized species, but distinguished by differences

more permanent and better marked than what are commonly called varieties. Most of

these, as well as a great many which I reckon as mere varieties, are counted as separate

species by many Trench and German botanists." (Proc. B. Geogr. Soc. 1879, pp. 567-S.)

Mr. Ball had in many cases added to the names of the species a number of letters

the meaning of which for a long time baffied me. I am indebted to the acuteness

of Dr. Stapf for the discovery that they were intended to indicate the zones of altitude

at which the species occurred. As, however, Mr. Ball had left this feature of the

Table obviously incomplete, it is omitted.

A less detailed statistical analysis of the whole flora in regard to altitudinal distribution

is, however, given in the lecture already cited. I quote the following :

—

" In ascending the Alps from the region of the olive, or the vine, to that of perpetual

snow, we find, as you well know, a continuous change in the aspect of the vegetation,

and botanists have distinguished various successive zones corresponding to these changes.

For our present purpose it will be enough to take account of three well-marked
divisions :—a low^er zone extending up to the limit of deciduous trees, an upper zone

including the higher pine forests and the Alpine pastures, and a glacial region where
patches of snow remain through the summer, and only a part of the surface is cleared for

two or three months, and even there sharp night-frosts frequently recur." (L. c. p. 567.)
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" In the flora of the upper zone of the Alps I count 1117 different species, which have

been arranged in 279 genera and GO natural orders. The proportion which tlie natural

orders bear to each other is not very different from that which they show in tlie general

flora of the Alps. The Coinpositoi still form about one-eighth of the whole ; but the

Leguminous tribe, the Grasses, and the XJmbelliferac show a smaller percentage. The

Crucifers and the Caryoi^hyllece are comparatively more numerous, as are the six tribes

which I have already spoken of as especially characteristic of mountain floras *. For

the glacial region I shall not attempt to give you accurate figures, for the simple reason

that sufficient materials do not exist. I have long since asccrtiiined that the real check

to the extension of many species in the highest zone of the Alps is not climatal, but the

want of soil and situation suitable to each plant ; and where from accidental circum-

stances these are found, the glacial region is seen not to be so inhospitable as is commonly

supposed." (Proc. K. Geogr. Soc. 1879, p. 5G9.)

Of the Alpine flora in general, and that of the middle or infra-glacial zone referred to

above as the " Upper " (and below as '* Higher "), Mr. Ball gives the following detailed

analysis :

—

The following are the natural orders represented in the Alpine flora ; those printed in

italics do not extend to the higher zone

:

Ranunculacese.

Berheridea

.

Nymph(eace(E.

Papaveraceae.

Cruciferae.

Resedacea.

Cistineae.

Vjolariese.

Polygaleae.

Caryophylleae.

Portulacetg.

Tarriariscinece.

Malvacea.

Tiliaceee.

Hypericineae.

Lineae.

Geraniaceae.

Rutacece.

lUcifieoe.

Celastrinea.

Rhananeae.

SapindacecE (Acer).

Anacardiace<E

,

liegiiminosae.

Rosacese.

Saxifragese.

Crassulaceae.

Droseracece.

Halorageae.

Lt/thraria.

Onagrarieae.

Umbelliferae.

Araliaceoe,

Cornea.

Ca])rifoliacese.

Rubiaceae.

Valerianeae.

Dipsaceae.

Composit^e.

Campanulaceae.

Vaccinieae.

Ericaceae.

Pyrolaceae.

MonotropecB.

Phirabagineae.

Primulacese.

Oleacece.

AsclepiadecB.

Gentianese.

Polemoniaceae.

Boraginese.

Convolvulacete.

Solanacets.

Scrophularineae.

Orobancheaj.

LentibulariefE.

Selagineae.

Labiatae.

Plantagineaj.

Chenopodiaceae.

Polygonaceae.

Paronychieae.

Thymelcie.

Eleagne<B.

UrticacecE.

Cannabinea.

Ulmaceee.

Betulaceae.

Salicineae.

Euphorbiaceae.

Buxinece.

Erapetreae,

Aristolochiea.

CupulifertE.

Corylacea.

Loranihacea.

Santalaceae.

Coniferae.

Gnetacea,

Orchideae.

Iridcae.

Amaryllideae.

DioscorecB.

Alismacea.

Juncagineae.

Potaraeae.

Typbaceae,

Aroide<B.

Lemnacea.

Libaceae.

Melantliaceae.

Smilaceae.

Asparagem.

Junceae.

Cyperaceae.

Graminese,

*
«« The six famibes which take their names from the rose, the ranunculus, the saxifrage, the primrose, the

campanula, and the gentian " {I. c. p. bQb).
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The following show the numher of genera, species, and subspecies belonging to each

of the chief natural orders in the general flora of the Alps, and in that of the

higher zone above the level of deciduous trees :

Natural Order.

Foe the Alpine Flora

No. of

Genera.

Composita3 62

Leguminosse 20

Gramineae 48

Cruciferae 26

Cyperacese 9

Caryophyliege 17

UmbeUiferte 37

Scrophnlarinege 16

Rosaceae 16

Ranunculaceae 15

Labiatae 26

Liliaceae 13

Saxifrageae 4

Campanulaceao 6

OrchidesB 22

Primulaceae 8

Boragineae 15

Rubiaceac 3

Salicineae 2

Junceae 2

Gentianeae 6

Geraniaceae 4

PolygonacesB 3

CrassulacesB 3

Euphorbiaceae 2

Genera.

25 orders include 385

71 remaining orders "i

include /

IN" General.

Species.

250

134

134

115

108

101

94

83

82

71

67

43

42

42

40

36

31

30

29

27

26

24

24

22

20

Sub-

species.

60

24

13

18

5

18

14

10

18

22

7

6

9

4

6

8

4

9

3

4

6

2

10

2

138

Species.

1675

335

Sub-

species.

282

53

Natural Order.

In the Higher Zone

No. of

Genera.

Compositae 38

Cruciferae 17

Leguminosae 15

CaryophyUeae 10

Gramineae 16

Cyperacea) 6

Scrophularineae 16

Rosaceae 11

Umbelliferae 18

Ranunculaceae 9

Labiatae 16

Saxifrageae 4

Campanulaceae 2

Primulaceae 6

Gentianeae 3

Orchideae 11

Juncoae 2

Liliaceae 8

Crassulacese 2

Rubiaceae 2

Salicineaj 1

Violarieae 1

Polygonaceae 3

Onagrarieae 2

Yalerianeae 2

Genera.

25 orders include 220

35 remaining orders

include

OF the Alps.

Species.

145

74

72

71

66

63

53

49

45

41

39

37

30

29

23

19

18

17

16

16

16

12

11

10

10

Species.

982

59 135

Sub-
species.

30

11

6

10

6

4

8

5

7

7

4

6

4

6

1

2

2

5

3

3

3

Sub-

species.

133

17

(Proc. n. Geogr. Soc. 1879, p. 568.)

Mr. Ball has, however, not confined the Table to the local problem. He has traced

out the distribution of each species of the Alpine flora in the other mountain-ranges of

Europe. The usefulness of this feature of his work to those who study geographical

botany must at once be obvious. The result was to confirm him in his belief that the

Alpine flora owed comparatively little to a migration from the Arctic flora. In this

respect he seemed somewhat alarmed at appearing to come into conflict with the views

of Mr. Darwin and of Sir Joseph Hooker in tLe well-known classical paper by the latter

published in the Transactions of this Society. But, as Sir Joseph Hooker very properly

pointed out, " neither Mr. Darwin nor Professor A. Gray nor bimseK had ever dealt with
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the problem of the birthplace of the species composing the Arctic or A]])ine floras. They

had been content to follow the comparatively tame process of takiniij the plants under

the conditions in which they were now placed, and following them in their later

migrations to the positions they now occupy." (Proc. H. Geogr. Soc. 1879, p. 589.)

For convenience of reference I will quote the position at which Mr. Ball finally

arrived :

—

*' Of the species included in the Alpine flora, 17 per cent, are common to the Arctic

flora, and 25 per cent, are common to the Altai range, while the Arctic flora has 40 per

cent, common to the Alps and 50 per cent, common to the Altai, using this as a collective

name for the ranges of Northern Asia.

" Now if, in deference to the great authorities I have named, I were to admit that

every one of the Arctic species common to the Alps had originally reached the mountains

of Central Europe by migration from the north, I ask how far that would avail towards

an explanation of the origin of the Alpine flora ? If we had accounted for 17 per cent,

of the species, what should we have to say of the remaining 83 per cent., including at

least four generic types peculiar to the Alps, and a very large number not found in the

Arctic regions—of the genera present in the higher zone of the Alps only one-half being

Arctic ? Is it credible that, in the short interval since the close of the glacial period,

hundreds of very distinct species and several genera have been developed in the Alps,

and—what is no less hard to conceive—that several of these non-Arctic species and

genera should still more recently have been distributed at wide intervals throughout a

discontinuous mountain-chain some 1500 miles in length, from the Pyrenees to the

Eastern Carpathians ? Nor would the difficulties cease there. You would have left

unexplained the fact that many of these non-Arctic types which arc present in the iVlps

are represented in the mountains of distant regions, not by the same, but by allied species,

which must have descended from a common ancestor : that one species of Wtilfenia,

for example, inhabits one small corner of the Alps, that another is found in Northern

Syria, while a third allied species has its home in the Himalaya " [L. c. p. 576.)

The subject is an undoubtedly complex one. But, for my own part, I am not so

much impressed with the difficulties as Mr. Ball. The Alpine flora is certainly very

ancient, but it is scarcely possible to doubt that it is a survivor, and, as M. Alphonse

de Candolle points out, probably a decaying survivor, of one of which the extension was

at some former time far more considerable. I think that in his conclusions Mr. Ball

may have pressed the facts rather too hard, and that he has overlooked the enormous

amount of extinction which may have taken place in the Arctic flora as we now know it.

A mountain flora appears to me to be essentially a flora of refuge, and an island flora is

the fact in geographical distribution with which it best admits of comparison.

It seemed desirable to state in this introductory note the results which, so far as could

be ascertained, the author was himself disposed to draw from his laljours. But it must

be borne in mind that the value of the Table as it is now presented to the Society is wholly

independent of any theoretical considerations.
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DISTRICTS.

1 Val Tinea and Italian portion of the Var.

2 Col di Tend a from Limone to Sospello.

3 Val Stura—Valdieri and Vinadio.

4 Val Maira and Val Grana.

5 Sources of the Po and Val Vraitta—Monte Viso,

6 Val Chisone—Val Pellice—Fenestrelles

.

7 Genevre—Dora to Exilles.

8 Mont Cenis—Susa—Col de Clairee.

9 Alps of Lanzo and Viu.

10 Val Orca—Val Campea.

] 1 Cormayeur—Dora Baltea to Villeneuve—Little St. Bernard.

12 Val di Cogne—Mont Emilius—Val Champorcher.

13 Great St. Bernard— Val Pellina and Val St. Bartelerai.

14 Val d^Aosta—Villeneuve to Ivrea.

15 Val Tournanche—Val d'Ayas—Val de Lys.

16 Val Sesia to Varallo—Orta.

17 Val Anzasca—Val Antrona.

18 Valley of the Tosa—Simplon to Domo d'Ossola.

19 Val Intrasea—Val Canobbio.

20 Val Maggia—Val Verzasca—Val Onsernone.

21 Val Levantiua.

22 Lugano—Monte Generoso—West side of Lake of Como.

23 Spliigen—Val Bregaglia.

24 Morbegno—Poschiavo—Tirano.

25 Stelvio—Val Furva—Val Viola.

26 Lecco—Corno di Cauzo—Brianza—Legnone— Grigna.

27 Val Brembana—^Val Seriana—Bergamasco.

28 Val Camonica—Lago d'Iseo.

29 Val Trompia—Brescia.

30 Val Sabbia—Lago d'ldro—Val Chiese.

31 Val Vestino—Val di Ledro—West side of Lago di Garda.

32 Val di Sarca to Tione —Molveno.

33 Val Rendena.

34 Monte Baldo—Val Arsa—Roveredo.

35 Trento—Val dell' Adige to Botzen.

36 Val diNon— Val di Sole.

37 Val Venosta—Ultenthal—Stilfserthal.

38 Bolzano—Valley of the Rienz—^Schleeren—Brenner.

39 Val di Fiemme—Val di Fassa.

40 Veronese—Val Pantena, &c.

41 Recoaro—Val de' Siguori,

42 Val Astico.

43 Val Sugana to Bassano.

44 Feltre—Agordo—Val del Cordcvole.

45 Cadore—Sources of the Piave.

46 Conegliano—Val Zelline.
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47 Tafjliamciitn a»i«l Folia.

48 Cividalc— \ al Torre—Val Natisone.

49 Isonzo above Tolmino.

50 Gorizia— Idria.

Abbrevialiomfor Distribution on the other Mountains of Europe.

F = French Alps.
j

C = Central Apennines.

A = Swiss Alps.
I

N = NcapoliUin Apenninci.

G = (Jerman Alps.
j

P * PyrenccN.

I = Illyrian Aliw.
j

8 «= Scandinavia.

L = Ligurian Apennines. ' K = Carpathians.
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Atraj^cne alpina, Linn.

Clematia Vitalba, Linn,

Yiticella, Linn. . .

recta, Linn.

1

123466789
123456789
1234 .6789

8 9

Thalictrum flavum, Linn
angustit'oliura, Limi
galioides, Nestl

exaltatum, Gaud
minus, Linn

elatum, Jacq

foetidum, Linn
alpinum, Linn

acjuilogifolium, Linn

Aneraone veriialis, Linn
Halleri, ylll

Pulsatilla, Linn

montana, IJoppe

coronaria, Linn
narcissiflora, Linn
alpina, Linn

, var. (A. sulphurea, Linn.).

, var. (A, millefoliata, Bert.)

baldensis, Linn.

nemorosa, Linn. . .

ranunculoides, Linn.

trifolia, lAnn
hepatica, Linn.

Adonis aestivalis, Linn
Kanunculus aquatilis, Linn

, var. (E,. ololeucos, Lloyd)

.

fluitans, Linn

divaricatus. Schrank
rutaefolius, Linn

,var.(R.anemonoides,Zaft?6.)

glacialis, Linn
Seguieri, Vill

alpestris, Linn
Traunfellneri, Iloppe

Bertolonii, Hausm
aconitifolius, Linn
lacerus, Bell

parnassifolius, Linn
pyrenaeus, Linn
gramineus, lAnn
Plammula, Unn
rcptans, Linn
Lingua, TAnn
Ficaria, TAnn
Thora, lAnn
hybridus, Biria

pygraaeus, Wahlenh
auricomus, Linn.

casaubicus, TAnn
montanus, Linn
Gouaui, Willd. (?Auct. Gall.)

aduncTis, Gren. et Godr. (?)

Villarsii, DC.
polyanthemos, Linn
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Sisymbrium Sophia.

pinnatifldum.

strictissimum.

AUiaria.

Thalianum.

Hugneninia tanacetifolia.

Erysimum cheiranthoides.

virgatum.

odoratum.

repaudum.
canescens.

rhseticum.

Cheiranthus.

,var.(E.pumi]um).

, vur, (E. hel-

veticum).

orientale.

Brassica Cheiranthus.

obtusangula.

repanda.

Richerii.

Sinapis arvcnsis.

nigra.

Diplotaxis tenuifolia.

murulis.

Vcsicaria utriculata.

Alyssum petraeum.

medium.
alpestre.

argenteum.

montanum.
Wulfeniaiiura.

halimifolium.

calycinum.

campestre.

Farsetia incana.

clypeata.

Lunaria redivira.

Petrocallis pyrenaica.

Draba aizoides.

, var. (D. Zahl-

brui;hneri) ?

Sauteri.

nemoralis.

mural is.

incana.

tomentosa.

-, var. (D. frigida).

, var. (1). Traun-

steineri).

stellata.

, var.

thiaca).

. var.

phylla).

Hadnitzensis.

(D. carin-

(1). 8clero-

verna.

Cochlearia officinalis.

sa.Nutilis.

brcvicauHs.
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Camelina sativa.

dcutata.

Thlas]>i arvcnse.

alliaccura.

]>eribliatum.

alj)fstre.

virgatum.

I)ra3cox.

alpinum.

moiitanum.

rotuudifolium.

, var. (T. copeae-

folium).

Iberis saxatilis.

ciliata.

nana.

Garrexiana.

I>iiinata.

Biscuk'Ua auriculata.

,var. (B. cichorii-

iolia).

laevigata.

, var. (B. saxatilis)

Lepidium campestre.

ruderale.

graminifolium.

Hutchinsia alpina.

, var. (H.
caulis).

pet rasa.

pauciflora.

Capsella Bursa-pastoris.

jEthionema saxatile.

Thomasiaimra.

breri-

Coronopus lluellii.

Isatis tinctoria.

, var. (I. pro'cnx).

alpina.

Calepina Corvini.

Xeslia paniculata.

M5'agruin perfoliatum.

Bunias Erucago.

, var. (B. arvensis).

Rapistrum rugosum.

Capparis spinosa.

, var. (C. ovata).

Cistus salvifolius,

albidus.

Ileliantliemum guttatum.

lunulatum.

Fumana.
salicifolium.

italicum.

marifolium.

vulgare.

—— poHfolium.

Viola pinnata.

palustris.

hirta.

-. var. (V. sc

phila).

TJ
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Viola ambigua, Waldst. Sf Kit. ?

collina, Bess

odorata, Linn
-, var. (V. alba, Bess.)

suavia, Bieh.

sylvestris, Lam
var. (V, arenaria, DC.) .

canina, Linn. ?

, var. (V. Ruppii, Eeichb.)

elatior, Fr. '?

mirabilis, Linn
nummulariaefolia, All

, var. (V. Comollia, Mess.)

biflora, Linn
—— calcarata, Linn

cenisia, Linn
, var. (V. valderia, All.) .

lutea, Linn. ?

declinata, Waldst. c|' Kit

rothomagensis, Desf.

tricolor, Linn
, var. (V. arvensis, Murr. )

, var. (V. saxatilis, Schmidt)
Reseda Phyteuma, Linn

lutea, Liun
suffriiticulosa, Linn
luteola, Linn

Polygala nicseensis, Risso

vulgaris, lAnn
comosa, Schh
depressa, Wender
calcarea, Schultz

amara, Linn
, var. (P. austriaca, Reichb.)

Chamaibuxus, Linn.

Morisiana, Reichh.

Drosera rotuudifolia, Linn. .

lorigifolia, Liyin

Aldrovanda vesiculosa, Linn.
Pamassia palustris, Linn.

Gypsophila fastigiata, Linn. .

repens, Linn
muralis, Linn

Tunica Saxifraga, Sco}^

Diauthus prolifer, Linn. . . .

Armeria, Linn
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glacialis, I/wnke
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, var. furcatus, Bert.

deltoides, Linn
sylvestris, Wulf.
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Viola ambigua.

coll in a.

odorata.

, var. (V. alba).

suavis.

sylvestris.

, var. (V. arena-

ria).

cauina.

•, var. (Y. Ruppli).

elatior.

niirabilis.

—— nuinmulariaefolia.

, var. (V. Comol-
lia).

bi flora.

calcarata.

cenisia.

,var. (V. valderia).

lutea.

declinata.

rothomagensis.

tricolor.

, var.(Y. arvensis).

, var. ( V. saxatilis).

lieseda Phyteuma.
iutea.

suffruticulosa.

luteola.

Polygal a nica^ensis.

vulgaris.

comosa.

depressa.

calcarea.

amara.

, var. (P. au8-

triaca).

Chamtebuxus.

Morisiana.

Drosera rotunditolia.

longit'olia.

Aldrovanda vesiculosa.

Parnassia palustris.

Gypsophila fastigiata.

repens.

muralis.

Tunica Saxit'ragfl.

Dianthus proliler.

Armeria.

barbatus.

Carthusianorura.

atrorubeiis.

Seguieri.

liburuicus.

lU'glottUrf.

. . —— , var. (1>. toner).

glacialis.

al])estris.

— , var. furcalus.

deltoides.

. sylvestris.
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Diaiithus coesius, Sm
plumarius, Linn
superbus, Li7in

oreades, nobis

monspessulanus, Linn.

hirtus, Vill.
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Geranium palustre, Linn.

sanguineum, Linn.

argonteiim, Linn
pyrenaicum, Linn

pusillum, Linyi

bohemicum, Linn
dissectum, Linn
columbinuci, Linn. . . .

rotundifoliura, Linn.. . .

molle, Linn

lucidum, Lin7i

—— divaricatum, Ehrh. . . .

llobertianum, lAnn. . . .

Erodium ciciitarium, L'llcrit.

cioonium, Linn.

Impatiens Noli-tangere, Linn.

Oxalia Acetosella, Linn

corniculata, Linn

Tribulus terrestris. Linn. . . . .

lluta graveolens, IJn7i ,
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IStaphyloa pinuata, Linn. . . .

Euonymus europieiis, Linn. .
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pusilluin.

boheinicum.

disscctum.

columbinura.

rotundifoliura.

molle.

lucidum.

divaricatum.

itobcrtianum.

Erodium cicutarium.

ciconiurn.

Impaliens Xoli-tangere.

Oxalis AcetosclFi.

corniculata.

Tribulus terrcstris.

Fuita j^raveolcns.

Dictamnus FraxincHa.

Stapbylea pinnata.

Eiionymus europicus.

verrucosus.

latifolius.

Zizyphus vulgaris.

I'aliunis aculeatus.

Kharanus cathartica.

saxatilis.

alj)ina,

pumila.

rupcstris.

— infectoria.

F'ran<!;ula.

Pistacia Tercbinthus.

Rhus Cotinus.

Ulex europit'us.

Spartiura junceum.

Sarothamnus vulgaris,

(ieiiista diffusa.

—— tinerca,

pilosa,

scricea.

tinctoria.

, rar. (G. tenui-

folia I ?—— Dclarbrci.

(ivatu.

. var. (<F raautioa).

gerraanica,

Cytisiis laburnum.
alpinus.

—— nigricans,

glabrescpns.

srssilifolius.

cajtitatus.

prostratus.

iiirsutus.— purpureas.— radiatus.— sagittalis.
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Cytisus argonteus, Linn
(Ononis spinosa, lAnn

, var. (0. repens, Linn.)
— hircina, Jacq. ?

— ColuranoD, vill. . . .

— striata, Gouan . . .

— minutissima, Linn.
— Natrix, I^m
— rotundifolia, Linn.
— cenisea, Linn. . . .

— reclinata, /Ann. . . .

Anthyllis Vulneraria, Limi
, var, (A. vulnerarioides

Bonj.).

raontaua, Lhin

Medicago falcata, Linn.

, var. (M. procumbeus, Bess.)

, var. (il. glomerata, Balb.)

orbicularis, All

, var. (M. marginata, Willd.)

lupulina, Linn
Pironae, Vis

lappacea, /jam

maculata, Linn
Gerardi, Waldst. ^- Kit

minima, Lam
, var. brachycodon, llchh.

laciniata, All , . .

carstiensis, Jacq.

Trigonella monspeliaca, Linn.
Melilotus dentata, Pers. . . . .

macrorhiza, Pers

alba, Desr

officinalis, Lesr
caerulea, TAim
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Trifolium pratenso, LJnn

, var. (T. nivale, Hieb.) . . .

medium, Linn
alpestre, TAnn
rubens, Linn

pannonicum. Jacq
norieum, Wulf.
ochroleucum, Linn
stellatum, LJnn
incarnatum, LJnn. (spont. ?) .

angustifolium, FAnn
arvense, Linn

striatum, Linti

scabrum, /Ann
saxatile, All

fragiferum, /Ann
ilpinum, lAnv.

-- Halbisiauura, Sei\

— montunum, lAnn.

— hybridura, Linn.

— repens, Linn
— pallesceus, Schreh.
— ca^spitosum, Reyn.
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Cytisiis arjroiitous.

Ononis Npinosa.

, var. (0. repens).

hirciua.

Columnae.

striata.

minutissima.

Xatrix,

rotundifolia.

cenise.i.

reclinata.

Anthyllis Vulneraria,

, var. (A. vulne-

rarioidcs.).

montana.

Medicago falcata.

^
, var. (M. pro-

cumbens).

-, var. (M. glorae-

rata).

orbicularis.

, var. (M. margi-

nata),

lupulina.

Pironae.

lappacea.

maculata.

Gerardi.

minima.

, var. brachycodon.

laciniata,

carstiensis.

Trigonella monspeliaca.

Melilotus dentata.

macrorhiza.

alba.

officinalis.

cajrulea.

Trifolium pratense.

, var. (T. nivale).

medium.
alpestre.

rubens.

pannonicum.

noricum.

ochroleucum.

stellatum.

incarnatum.

angustifolitira.

arvense.

striatum.

scabrum.

saxatile.

frapifcTum.

alpinura.

Balbisianum.

men t anum.
hybridum

.

repens.

pallescens.

caespitosnm.
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Trifolimn nigrescens, Viv

8padiceum, Linn
——— badiuiu, Srhreh

agrariiim, Linn

! proeumbens, Linn

I

patens, Schreh

j

filiforme, Linn

I micranthum, Viv

I

DorYcnmm herbaceum, Vill. . . .

j

suffruticosum, Vill

I

Bonjeania hirsuta, lleichb

Lotus coniiculatus, Linn
uliginosus, Sclik

;
Tetragonolobus siliquosus, Roth.

I

Psoralea hituminosa, Linn. . . .

j
Galega officinalis, Linn

I

Colutea arborescens, Linn
Phaca frigida, LAnn

alpina, Jacq

anstralis, Linn

astragalina, DC.
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Trifoliutn nifjrcscena.

spadiceum.

badiuni.

agranum.
procumbona.

patens.

filiforine.

micranthiira.

Dorycnium herbaccum.

suffruticosum.

Bonjeania hirsuta.

lx)tus corniculatus.

uliginosus.

Tetrafjonolobus siliquosus.

I'soralca bilurainosa.

Galega offiL-inalia.

Colutea arborescens.

Phaca frigida.

alpina.

australis.

astragalina.

OxytropLs Halleri.

campestris.

foetida.

pilosa.

lapponica.

montana.

Gaudini.

Astragalus leontinus.

purpureus.
-—- hypoglottis.

Onobrychis.

austriacus.

vesicarius.

, var. (A. Pastel -

Cicer. [lianus.)

glycyphyllos.

depressus.

aristatus.

exscapus.

alopecuroides.

monspessulanus.

Wulfeiiii.

Coronilla Emerus.
vaginalis.

var. (C. minima).

montana.

scorpioides.

—.— var. (C. repanda)

varia.

llippocrepis comosa.

unisiliquosa.

Hcdysarum obscurum.

Onobrychis sativa.—— arenaria.

Caput-galli.

Vicia pisitbrmis.

svlvalica.

oassubica.

dumetorum.

Cracca.

SECOND SERIES. BOTAXY, VOL. V.



152 MR. J. BALL 0^' TUB DISTllIBUTION OF

Vicia Gtrardi, DC
tonuifolia, Roth

villosa, liiyih ?

I>seu(locriicca, Bert. ?

daaycarpa, Ten
onobrychoides, Linn

narboiieusis, L'mn

bithynica, Linn

sepium, Linn
pannonica, Jacq

, var. (V. purpurascens, DC.)

lutea, lAnn
bybrida, Linn
pranditlora, Scop

saliva, Limi

angustifolia, lloth

var (V. cordata, Wulf.) ?

, var. (V. Bobartii, Forst.).

lathyroidcs, lAnn
perepriiia, Linn.

Ervum hirsutum, Linn

tetraspermum, Linn
gracile, DC

Lathyrus Apbaca, Linn
Nissolia, Linn
incoDspicuus, Linn

sphairicus, Rttz

Cicera, Linn
sativus, Linn

,

setifolius, Linyi

augulatus, lAnn ,

hir&utut), Linn
tiiberosus, Linn
pratensis, Linn

, var. (L. sepium, Scop.)

sylvestris, Linn.

hoterophyllus, Linn.

palustris, Linn.

Orobus vernus, lAnn
, var. (0, gracilis. Gaud.) . .

variegatus, Ten
tuberosus, Linn

, var. (O. tenuifolius, Roth)

vicioides, DC.
albua, Linn, fil

varius, Soland

canescens, lAnn.fil

luteus, LAnn
niger, Linn

Cercis Siliquastrum, Linn
Prunus spinosa, TAnn

instititia, LAnn. (apont. ?)

avium, Linn
Chaioa;cera8Us, LAnn. . .

brigantiaca, Vill

Padus, LAnn

Mahaleb, Linn

Spinea ulmifolia, Scop

chamaDdryfolia, Linn. . .
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Vicia Gerardi.

tonuifolia.

villosa.

pwMjdocracca.

diisycnrpft.

oiiobrychoides.

narVxmcnsis.
|

bilhynica.

ficj)iuin.

pannonica.

, var. (V. puqm-
rascons).

lu<«a.

hybrida.

granditlora.

eativa.

angustifolia.

, var. (\. cordata ).

,var,( V. Bobartii).

lathvroides.

perepnna.

Er\'uin hirsiitum.

t<?traf«permum.—— pracilc.

Latbyrns Aphaca.

Xifisolia.

inconspiouus.

spba;ricuB.

CicH'ra.

K'lfivus.

w-'tifoliua.

anpulatufl.

hirsutUB.

tubcroBus.

pratcnsis.

-, var. (L. sepiumy

sylvestris.

hctcrophyllus.

palustris.

Orobus vemus.

, var. (0. gracilii«).

variegatuB.

tuberosus.

, var. (0. tenui-

folius).

vicioides.

albus.

• variufi.

canescena.

hiteuB.

nigor.

Gcrcis Siliqiiasirum.

Prunus Ppinosa.

insiiiitia.

avium.

CbamapccrasttS.

brigantiaca.

Padu8.

Mabaleb.

Spinea ulmifolia.

cham«dryfolia.

^2
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SpirsDa decumbens, Koch
Aruncus, Linn
Ulmaria, Linn

, var. (S. denudata, Hnyne).

Filipendula, Linn
Dryas octopctala, Linn.

Geum urban urn, Linn.

rivalo, Linn
reptana, Linn. .

.

sylvaticum, Pourr.

montanum, Linn.

Rubus Idaeus, TJnn. .

.

ca^sius, Linn
fruticosus, Linn.

, var. (11.

Gron.).

, var.

Borkh.).

, var. (R.

(11.

corylifolius,

tomentosus,

glandulosus,

Bell.).

saxatilis, Linn
,

Fragaria vesca, Linn
,

elatior, Ehrh
collina, Ehrh

Comarura palustre, Lanyi

Potentilla supina, Linn
norvegica, TJnn
rupestris, Linn
multilida, Linn
Anserina, TAnn

,

recta, Linn
, var. (P. laciniosa, Lehm.)

hirta, /Ann
inclinata, Vill

argentea, lAnn
, var. (P. collina, Wibel'^).

intermedia, Linn
reptans, Linn
Tormentilla, Sibth

camonia, liota

aurea, Linn
alpestris, Hall, fil

, var. (P. ambigua, Gaud.)
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verna, Linn
, var. (P. pusilla, Host.)

, var. (P. opaca, All, an L. ?)

cinerea, Chaix
,

granditiora, Linn
, var. (P. pederaontana,

Ktut.).

nivea, Linn
minima, Hall, fil

frigida, Vill

alba, Linn
Fragariastmm, Ehrh
grammopetala, Moretti

caulescens, Linn
, var. (P. petiolulata, Gaud.)
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SpiroDa dccumbena.

AruMcus.

Ulmaria.

, var

da til).

Fili])eiu]ula

(S. denu-

Drjas octopctala.

Geum i]rbaiium.

rivalc.

repfans.

sylvatjcum.

muntuiiuni.

Rubiis Ida'us.

cajsius.

fruticoHUB.

, var. (R, coryli-

folius).

-, var. (R. toincii-

tOHUS

. var. (11. glandu-

losus).

saxatilis.

Fraj^aria vesca.

elatior.

coUina.

Comarum palustre.

Potentilla eupina.

norvogica.

rupestris.

inultifida.

Anserina.

recta.

,var.(P.lacinio8a).

hirta.

incHnata.

argentea.

, var. (P. collina).

intermedia.

reptans.

Tormentilla.

camonia.

aurea.

alpestris.

, var. (P. am-
bigua).

verria.

.— , v.ir. ( P. puailla).

, var. (P. opaca).

cincrea.

grandiflora.

, var. (P. ]K.i..

Tii'iiitana).

iiivifi.

minima.

frigida.

- - nllKt.

li.'igariaatrum.

grammopetala.

caulcscens.

, var. (P. petiolu-

lata).
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Potentilla Clusiana, Jacq.

Valderia, Linn
Saxifraga, Ard
nitida, Linn ,

Sibbaldia procumbens, Linn
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Chierophyllum temulum.
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Molopospermum cicutarium.

Conium maculatum.
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Hedera Helix.

Conius sanguinea.

Mas.
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Linntea borealis.
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Asperula arvensis.

taurina.
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tlora).—— odorata.
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Galium crueiatum.
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parisiense.
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palustre.

rotuudifolium.

boreale.

verura.

purpureum.

sylvaticum.

, var. (G. ar

tatum).

Mollugo.

erectura.

corrudaefolium,

cinereum.

rubnim.

obliquum.

saxatile.

sylvestre.

-, var. (G. Iseve).

pumilum.
megalospermum.
Tendae.

Valeriana officinalis.

, var, (V.

bucifolia).

- dioica.

- tuberosa.

- tripteris.

- montana.
- siipina.

- saliunca,

- saxalilis.

- elongata.

- celtica.

Centranthus ruber,

angustifolius.

Valerianella olitoria.

carinata.

echinata.

Morisonii.

Auricula.

coronata.

Dipsacus sylvestris.

pilosus.

Cephalaria alpina.

transylvanica.

leucantha.

Knautia hybrida, var. in-
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sylvatica.

arvensis.

Succisa pratensis.

Scabiosa gramuntia.

,var.(8.pyrcnaica),

Columbaria.

lucida.

, var. villosa.

maritima.
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-, var. (8. vestiua),

argentea.
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Scabiosa graminii'olia, Li7in, .

.

, var. viridis, liekJih.

Eupatoriuia cannabiuum, Linn.

ji.deiiostyles albifi-ons, Iteichb.

alpina, Bluff et Fing. . .

leucophylla, lieichb.
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discolor, Cass
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\

— •
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Micropus erectus, Linn
Telekia speciosissima, Less
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.
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: . . . .
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, var. (F. pyramidata, Vill.)
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172 MR. J. BALL ON THE DISTKIBUTLON OF
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Cirsium flavescens, Koch (hybr.) . . .

DoUinerii, ISch. B'lp. (hybr.). . .

oleraceum, Scop
purpureum, All

rivulare, Link
monspessulaiium, All

heterophyllum. All
arabiguum, All. (hybr. ?)

bulbosum, DO
acaule, All

ferox, DC.
, var. Morisianum, lieichh.

arvense, Scop.
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bulbosum.

ivciiulf.

fcrox.

, vnr. Morisianum.

arvcnso.

Cnrduus pycnoccphalus.

acarithoidcs.

tcnuifloruH.

crispiis.

, var. (C. multi-

floruH).

Sanctsc-Palma^.

arcti fides.

Person ata.

(it'floratus.

, var. (C. Barre-

lleri).

, var. (C. spinu-

loBus).

nutans.
.

, var. (C. mon-
tosus).

-, var. (C. platy-

lq)is).

OnofK>rf]on Acanthium.

CarduncfUus monsiK;licn-

8iuiD.

Lappa major.

minor.

toraentopa.

Carlina acaulis.

acanthifolia.

corymbosa.

vulgaris.
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herardia subacaulis.
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discolor.

I)ygma?a.
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nudicaulif*.

Khap^)nticum.

L<'U7,oa coiiifera.

•Turinea mollis.
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alba.

amara,
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—— , var. (('. trans

alpina).
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Centaurea austriaca, Linn
, var. (C, flosculosa, Balh.)

nervosa, Linn
, var. (C. rerdinandi,6rVen.) ?

uniflora, Linn
procumbens, Bnlb
montana, Linn

, var. (C. axillaris, Willd.) .

Cyanus, Linn
Scabiosa, Linn
Xotscbyana, Hevff. .'.

sordida, Willd

paniculata, Linn
, var. (C. leucophsea, Jonl.)

maculosa, LAnn.

cinerea, Lcun. ?

collina, Linn. ?— rupestris, Linn— cristata, Bartl— hvbrida, All. (hybr. ?)— solstitialis, Linn— Calcitrapa, Liim
aspera, Linn.

Crupina vulgaris, I'ers

Xeranthemum radiatum, Lam.
inapertum, Willd
cylindraceum, Sm. . .

.

Catananche ccerulea, Linn. .

.

lutea, Linn
Lapsana communis, Linn. . . .

Aposeris ftetida, Less

Arnoseris pusilla, Gcrrtn. . . .

llhagadiolus stellatus, Givrtn.

Hyoseris radiata, Linn
Cichorium Intybus, Linn. . . .

Thrincia birta, Roth
triberosa, DC.

Leontodon autumnalis, Linn
, var. pratensis, Koch . . . .

Taraxaci, L^ois
, . . . .

pyronaicus, Gouan
—— var. aurantiacus, Koch . .

bispidus, Linn—— , var. (L. hastilis, Linn.) .

, var. hyoseroides, Koch . .

, var. (L. Erumati, Eeichh.)

— tenuiflorus, DC.— incanus, Schranl:— Eerinii, Both . . .— crispus, Vill.

.

. .

Villarsii, Lois.

Picris hieracioides, Linn
var. (P. stricta, Jonl.)

pauciflora, Willd.

Tragopogon major, Jacq
pratensis, TAmi

, var. tortilis, Koch ?
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niontan:>.

, var. (C. axillaris)

Cyan us.

Scabiosa.

Kotschyana.

sordida.

paniculata.

, var.

phaea).

maculosa.

(C. leuco-

- cinerea.

collina.

rupcstris,

crislata.

—— hybrida (hybr. ?).

solstitialis.

Calcitrapa.

aspera.

Crupina vulgaris.

Xeranthonium radiatum.

inaperturn.

cylindracc'uru.

Catananche ca;rulea.

lutea.

Lapsana communis.

Aposeris foetida.

Arnoseris pusilla.

llhagadiolus stellatus.

Hyoseris radiata.

Cil-horium Intybus.

Thrincia hirta.

tuberosa.

Leontodon autumnalis.

, var. pratensis.
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Taraxaci.

pvroiiaicus.

, , vai-. auraiitiacii.'-.

. hispidus. ,

. _, var. (L. hastilis).

-, var. hyoseroides.

. var. (L. Bru-
I

mati).

teuuitlorus.

incaniis.—— Berinii.

• crispus.

Yillarsii.

Tims hieracioides.

, var. (P. stricta).

pauci flora.

Tragopogon major.

pratensis.

, var. tortilis.
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Tragopogon pratensis, var. (T. orien-

talis. Linn.).

crooifolius, Linn. .

Scorzoncni austriaca, Willd
hunniis, lAnn., non DC.

, var. (S. tenuifolia, I)C.

Prod.).

aristata, Jiam
hirsuta, Linn
hispanica, Litin

, var. (S. glastifolia, Wil/d.)

purpurea, Linn
,\aT.(ii.T0sea,Waldsf.4' Kit.)

villosa, Scop.

Podospermum laciniatum, DO.
Hypoclucris glabra, Linn

radicata, Linn
maculata, Linn
uniflora, Vill. . . .

Facchiniana, Andr.
Taraxacum officinale, Wirfg

,var. (T. laevigatum, DC.)

-, var. (T. palustre, DC.)
Chondrilla juncea, Linn.

prenauthoides, Vill.

Willemetia apargioides, Less

Prenanthes jmrpurea, Linn
, var. (P. tenuifolia, Linn.).

Lactuca virosa, Linn.

Scariola, Linn.

, var. (L. augustana, All.) .

saligna, Linn. . . .

virainea, Sch. Bip.
quercina, Linn. . . .

muralis, Fres. . . .

perennis, Linn. . . .

tenemma, Pourr. .

Sonehus oleraceus, Linn.
asper, Vill

arvensis, Linn. . . .

palustris, Linn.

Mulgedium alpinum, Less

Picridium vulgare, T^esf.

Endoptera aspera, DC
Pterotheca nemausenssis, Cass
Barkhausia alpina, DC. ?

albida, Cass

footida, DC. \\

rubra, Moencli ?

taraxacifolia, DC
, var. (B. vesicaria, Sprewj.)

setosa, DC.
Crepis praimorsa, Tausch

incarnata, Tausch
, var. (C. Ercelichiana, DC.)
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Tragopogoa jtratensis, var.

(T. oriontulis).

—— crocifolius.

Scorzonora aaetriaca.

humilis.

, var. (8. tenui-

folia).

— aristata.

hirsuta.

hispanica.

var.

folia).

j)urpurca.

-, var. (S. rosea).

, var. (8. glasti-

• villosa.

Pudos])ermum laciniatura.

Hypochayris glabra.

radicata.

maculata.

uiiiflora.

Facchiniana.

laevi-

Taraxacum officinale.

, var. (T.

gatum).

, var. (T. palustre).

Chondrilla juncca.

prenauthoides.

Willeractia apargioides.

Prenanthes purpurea.

, var. (P. tenui-

folia).

Lactuca virosa.

8carioIa.

, var. (L. augus-

tana).

saligna.

• viminea.
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Sonchus oleraceus.

asper.

arvcnsis.

palustris.

Mulgedium alpinum.

Picridium vulgare.

Endoptera asj)era.

PtiTotheca ncmausensis.

Barkhausia alpina.

albida.

-—- fcetida.

• rubra.

-—- taraxacifolia.

. var. (B. V

caria).

— setosa.

Crepis prtemorsa.

incarnata.

, var.

lichiana).

(C. Free-
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Crepis aurea, Cass

alpestris, Tansch

, var. (Barkhausia mucro-

nata, Bert.).

choiidrilloides, Jacq

biennis. Linn
nica^ensis, Balh

tectorum, JAnn

virens, Vill

ncglecta, Linn
pulchra, Linn
Jacf^uiui, Tauscli

paludosa, Moench
suecisiefolia, Tausch

pygraa^a, Linn
blattarioides, Vill

grandiflora, Tausch
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SECOND SEHIES.—BOTANY, VOL. V.

Cropis aurca.

alpi'stris.

, var. (Barkhausia
nmcronata).

cliondrilloides.

biennis.

nicaiensis.

tcctorum.

virenM,

nefflecta.

pulchra.

Jacquini.

paludosa.

Buccisajfoliu.

jjygma^a.

blaltarioidea.—— grandi flora.

Soyeria montana.

hvoseridifolia.

Hioracium Pilosella.— , var. (H. Pelete-

rianum).

, var. (H. pilosel-

lyeforme).

bifurcum.

, var. (H. Hau8-
manni).

— furcatuni.

— angustifolium.

— Auricula.
j— florentinum. j

,var. (II. Bauhini).,

— pratense.
j— aurantiaciim.
j

— sabinum.
'

,var.(H. Laggeri).
,

— staticifolium.
I

— ponifulium.

, var. dental um.

— politura.

— glaucum.
— -, var, (II. Pape-

ritzii).
I— bupleuroidcs.
'

— , v;iT. ( ii. j:]au-

copsis).

— dentatum.
— glabratuni.

— villosum.

— valdepilosum.

— subnivale. i

— Schraderi.
|

— glanduli forum. j

— cerinthoides. i

, var. (H. Reuteri).

Morisianum.

Lawsoni.

vulgatum.

,var.(H. Bocconei).

murorum.
, var. (H. prfffox).
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Hieracium murorum, var. (H. incisum,

Hojipe).

Schmidtii, Tausch

rupestre, All

Jacquini, Vill

andryaloides, Vill

lanatum, Vill

amplexicaule, Linn
, var. (H, pulraonarioides,

VillX
alpinum, Linn
cydouiiufoliutn, Vill. . . .

albidum, Vill

prenantlioides, Vill. . . .

ochroleucum, Schleich. .

trichodes, Griseh. ? ...

laevigatum, Willd

australe, Fr
sabaudum, Linn

boreale, Fr
urabellatiira, Linn.

Andryala intesrifolia, Linn. .

Xanthium strunuirium, Linn.

spinosura, Linn.
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Phyteuraa paucitlorum, Linn

, var. (P. globularisefolium,

Hoppe).

hemisphairicum, Linn
humile, Schleich

Sieberi, Sjveng
orbiculare, Linn

Scheuchzeri, All

, var. (P. Charmelii, Till.)

Michelii, Bert

nigrum, F. W. Schmidt ?

I spicatum, Linn
Halleri, AH
Balbisii, .1. DC
comosum, 1,1,

m

Campanula Zoysii, W'idf.

rotundifolia, Linn

, var. (C. pusilla, HnenTce). .

, var. (C. pubescens,

Schmidt).
—

, var. (C. CiEspitosa, Scop.) .

, var. {Ccurnica, Schiede). .

excisa, Schleich

maerorhiza, Gai/

Scheuchzeri, Lam
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, var. (C. valdensis, All.)

rhomboidalis, Linn

hononiensis, Linn
rapiinciiloides, Linn

Trachfliinn, /^in)i

latifolia, Linn

Erinii8, Linn

eenisia, Linn

Elatines, Linn

elatiiioides, Moretti

Morettiana, lieichh
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Hieracium niurorum, vur.

(II. iiH'isum).

Schmidt ii.

rupcNtro.

Jacquini.

nndryaloidcs.

lanatum.

amploxicaule.

, var. (H. piUmo'

narioidos).

alpinutn.

cydonia;foliura.

albidum.

pronjinthoides.

ochroloucura.

trichodes.

lajvif^atuin.

australe.

Habaiidum.

borcale.

urabt'Uatum.

Andryala in tcgri folia.

Xanthium strumarium.

spiiiosum.

Jasione montaiia.

Phyteuina panciflorum,—'-

, var. (P. globu-

] a ri:ofolium).

hcniiaphajricum.

humile.

Sieberi.

orbiculare.

Scheuclizeri.

-,var.(P.Charmelii),

ilichelii.

nigrum.

ppicatum.

Halleri.

Ualbisii.

—— comosum.

('.'impanula Zoysii.

rotundifolia.

, var. (C. pusilla).

.

-•. 'C. pubes-

,var.a .(^espitosa).

-, var. (C. carnica).

excisa.

macrorhiza.

Schcuchzcri,

,var. (C. valdensis).

rhomboidalis.

bononicnsis.

rapunculoides.

Trachelium.

latifolia.

Erinus.

. cenisia.

. Elatines.

elatinoides.

^Inrolti.ina.
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llapunculus, Linn
persicifolia, Linn

' petra*a, Linn
thjTsoides, Linn
spicata, Linn

'

Cervicaria, Linn
glomerata, Linn
alpina, Jacq

, barbata, Linn
AUionii, Vill

sibirica, Linn
Medium, Linn
Alpini, Linn

Specularia Speciilutn, DC. .

i h}i)rid;i, DC
Vacciuium Myrtillus, Linn

uligiiiosum, Linn
Vitis-Idaja, Tjinn

Oxycoccus, Limi
Arctostaphylos alpina, Spreng

officinalis, Wimm. 4~ Grab
Andromeda polifolia, Linn
CalUina vulgaris, Salisb

Erica carnea, Linn

' Menziesia cierulea, Sw
Loiseleuria procumbens, Desv

Khododendron ferrugineum, Linn. . .

— hir&utum, lAnn
Chamacistus, Linn

Pyrola rotundifolia, Linn
, chlorantha, Sw

minor, Linn
secunda, lAnyi
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Fraxinus excelsior, Linn
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spicata,

Cervicaria.

frlonjcrata.
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Allionii.
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Spc'cularia Si)eculum.

hybrid a.

Yacciriiura Myrtillus.
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Vitis-lda'a.

Oxycoccus.
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Erica carnea.
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Gentiana parmonica.

macrophylla.

punctata.

, var.(G. campanu-
lata).

cruciata.

ascl<>piadea.

Pneuraonanthe.

acaulis.

alpina.

bavarica.

IWtani.
verna.

. var. (G. aestiva).

pumila.

imbricata.

prostrata.

utriculosa.

nivalis.

cain])estri8.

Amarella.

germanica.

, var. (G. obtusi-

fulia).

teneUa.

nana.

ciliata.

Polemonium cajruleum.

Convolvulus Hopiura.

arven.sis.

Cantabrica,

Cuscuta europaea.

Epithymum.
EpiUnum.
urceolata.

Ccsatiana.

planiHora.

Heliotropium europaeum.

Aspcrugo procumbcns.

Echiijospermum Lappula.

deflexum.

Cynoglossum officinale.

pictum.

montanura.

Discoridis.

Oinpbalodes verna.

Anchusu ofricinalis.

italica.

Barrelieri.

Lycopsis arvonsis.

Symphytum officinale.

^ var. (S. patens).

bulbosura.

tuberosum.

Onosma ochiodes.

— stt'llatulum.

Cerinthe major.

minor.

, var. (C.

lata),

ilpina.
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Echiura vulgare.

• pustulatum.

itiilicum.

Piilmonariii officinalis.

angustifolia.

, var. (P. azurea).

mollis.

Lithospermum officinale.

j)ur]nir('0-(;:ornleura.

graminifolium.

arvcnse.

Myosotis palufltris.

ca?8j»it.o.sa.

intermedia.

sylvatica.
'-

, var. (M.

trie).

liispida.

versicolor.

stricta.

Eritrichium nanum.
, var. (E.

quetii).

Solanum villosum.

miniatura.

alpos-

Hac-

iiiprun).

Dulcamara.

Physalis Alkekcngi.

Atropa Belladonna.

Scopolina atropoides.

Hyoscyamus niger.

Datura Stramonium.

, var. (D. Tatula).

Vcrbascum Thapsus.

tliapsiforrae.

plilomoides.

montanum.
pulverulentum.

Lychnitis.

, var. (V. mi-

eranthurn ).

nigrum.

, var.(V. lanatum).

phoeniceum.

Blattaria.

sinuatum.

Scrophularia nodosa.

Ehrharti.

Balbisii.

canina.

, var. (S.

purpurea).

Ho])jK'i.

vernalis.

atro-

Gratiola officinalis,

I)ii:italis purpurea,

grandiflora.

lutea.

ferniginea.

Antirrhinum majus.

Orontium.
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Linaria Cymbalaria, Mill
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Linaria Cymbalaria.

sjiiiria.

Klaline.

minor.

IVlisseriana.

origan il'olia.

— supina.

al])ina.

simplex.

striata.

chalepensis.

vulgarifl.

geiiislifolia.

itiilica.

Anarrhinum bcllidifolium.

Krinus alpinus.

Veronica scutellata.

Anagallis.

Ik'ccabimga.

urlicifolia.

Chamaxlrya.—— montana.
. officinalis.

Allionii.

aphylla.

prostrata.

austriaca.

Teucrium.

var. (V. lati-

folia).

longifolia.

spicata.

var. (V, nitens).

bellidioides.

fruticulosa.

saxatilis.

alpiiin.

scr|)yllifolia.

acinifolia.

arvensis.

verna.

succulcnta.

triphylios.

praecox.

—— agrestis.

polita.

Euxbanmii.

hederajfolia.

Ptcderota Bonarota.

Ageria.

Wulfenia carinthiaca.

Lindernia pyxidaria.

Litiiosclla aquutica.

Latbra'a Squamaria.

Orobancbe cruenta.

Eapum.
• Epithymum.
Galii.
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multiflora.

, var. (L. nigri-

cans).

— spicata.

pediformis.
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Carex brizoides, Linn. . . .
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YyOn some North American Dcsmidiese.

By W. ^^m¥,F.L.S., and G. S. W«st, Assoc. Hoy. CoU. Science.

(Plates XIl.-XVIII.)

^ Read 20th June, ISlif).

While working up a numlier of g-atlierings of Desmids from the United States

during the past few years, many new species and varieties have been observed, and our

notes thereon have accumulated to such an extent that we considered it would be of

interest to publish a few critical remarks, together with descriptions and figures of new
forms.

Material was obtained from the late Rev. F. Wolle, Prof. Aubert of Maine State

College, and others. The material supplied by the former was from various parts of the

States, but we do not know the particular localities, and consequently cannot give tlu'm

after the species. This material was exceedingly rich ; out of one tube alone something

like 320 species of Desmids were obtained, but in this case the richness was due to the

fact that the contents of the tube consisted of the sediment from a number of other tubes

from various parts of the United States. All Prof. Aubert's material was from Maine.

The descriptions given by Wolle in his ' Desmids of the United States ' are in some

cases very meagre, and the figures are often very inaccurate, so much so, that at times

it is only with difficulty that one can be sure of the form he had under ol)servation when

he made his drawing. We have consequently given amended descriptions as well as

accurate figures of some of his species that we have fouad whicii were not accurately

described and fissured bv him.

We also wish to point out that in WoUe's ' Freshwater Alga) of the United States,'

p. 42, pi. 62. figs. 7, 8, he records " Staurastrimi cosmarlokles, Reinsch." This is an

error; it should be Staurastrimi JPseudocosmariiwi, Reinsch (Contril). Alg. et Fung,

t. 9. fig. 1), and must not be confounded with St. costnarioides, Nordst. (in Vidensk,

Meddel. 1869 (1870) p. 223 t. 4. fig. 43).

Many species which are rare or very rare in Europe are quite abundant in the United

States ; these also are often the more remarkable species, especially those of the genus

Staurastrum. Many species also attain larger dimensions there than in Europe
;
there

are, however, cases where the reverse obtains : for instance, a few of the smaller species

of Staurastrum. Other species are of a more or less unique character, none approaching

them in form having as yet been observed from any other part of the world
;
such

species are St. Wolleanum, Butler, St. minnesotense, Wolle, St. xiphidfophorum, Wolle,

St. genujiexum, n. sp., Cosmarium Etoiseamm, Wolle, and C. dentatum, Wolle *.

* Since the above was written a paper has appeared by Prof. Schmidle in 'Hedwigia,' xxxiv. (1895), entitled

"Einige Algen aus Sumatra," in which he describes and figures (p. 304, t. 4. f. 7) a new Co,marium-C.Ashe>imiii;

this species, which we have also recently observed in abundance from Singapore, is a close ally of C. dentatum, Wolle.
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Genus Gonatozygon, De Bary.

1. G. ACTJLEATUM, Hastings, in Amer. Month. Micr. Journ. (1892) p. 29.

Porma minor. (PI. XIL figs. 1, 2). G. mediocre, diametro 8-12-plo longius, cylin-

dricum, sed ad polos leviter dilatatum ; membrana spinis longis rigidis numerosis

obsessa.

Long. 125-160 ^i ; lat. ad med. 14-15 n, ad pol. 15-17-5 ^i ; long. spin. 5-5-7'5 ^i.

This was noticed by us some years ago, but only iu single cells, and although an out-

look has been kept for it ever since, no filaments have yet been found.

Mr. Hastings [l. c.) proposes to call a Gonatozygon which he found, G. aculeMum ;

this is most probably the same species that we have observed. The G. pilosum figured

by W. B. Turner (Preshw. Alg. of E. India, pi. 20. figs. 1, 2) may be a more slender

variety of this species ; it is certainly not like the G. pilosum, WoUe, we have seen.

Genus Phzmatodocis, Nordst.

2. P. NoRDSTEDTiANA, Wolle, Pesm. U.S. p. 28, pi. 49. figs. 1-4.

Porma minor, Boerg. in Vidensk. Meddel. 1890 (1891), p. 25 et fig. xylogr.

Long. 33-38-5 ^ ; lat. 27-34-5 ^i ; lat. isthm. 11-5-15 ^^. (PI. XII. figs. 3-0.)

In all the specimens observed the apices of the cells were a little narrower than across

the middle ; this is also shown in the figures given by Nordstedt of var. novizelandica

(Preshw. Alg. of New Zeal. & Austr. pi. 2. figs. 1, 2). The lateral margins are also less

imdulate than either the example figured by Wolle or that given by Boergesen ; the sinuses

also, although somewhat open, are not ampliated like either of the above-mentioned

figures. Nordstedt, in Ofvers. Sv. Yet.-Akad. Porh. (1877) n. 3, p. 19, in his definition of

the genus, states that the filaments are not twisted ; Wolle says they are " not at all or

only slightly twisted "
; our specimens are distinctly twisted (as much as a Desmidiumy

Genus Sph^rozosma, Corda.

3. S. AuBERTiANUM, West, in Journ. Bot. xxvii. (1889) p. 206, t. 291. fig. 17; in

Journ. Linn. Soc. (Bot.) xxix. (1892) p. 115, pi. 19. fig. 1. Zygosporse globosse

vel subglobosse, aculeis longis curvatis basi latioribus cum papilla obtiisa intra basin

uniuscujusque spinae,

Piam. zygosp. sine spin. 19-24 /u, cum spin. 37-5-42 n. (PI. XII. figs. 7, 8.)

Hab. Orono, Maine.

S. Archerii, Gutw., in Sprawozd. Akad. Krak. xxvii. ii. (1892) p. 29, 1. 1. fig. 4, differs from

S. Aiihertianum only in having two transverse series of granules across the semicells in

addition to the two at the margin. Purther specimens examined show that S. Aubertiamm
has often a few additional granules within the margin of the semicells ; moreover, the

zygospores we have recently found correspond exactly to those of S. Archerii, Gutw.

As the latter species was described some years later and differs so little from S.Aubertimmm,

we place it under this species as var. ArchejHi nobis.

S.fiUforme, W. B. Turn. Preshw. Alg. of E. India, p. 142, t. 18. fig. 20, seems to us

very near this variety, but has a more open sinus.
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4. Sph.^hozosma ixcavatum, Ealfs, Brit. Desm. p. G7, t. G. fig. 2.

Var. (PI. XII. fig. 9.)

Long. 8-5-10
lii ; lat. cum apic. 9-5-10-5 ^ ; lat. isthm. 4-8-5'5 ^.

Only one filament of this variety was seen ; it has a tubercle on each lateral margin
of each semicell similar to those on S. indicum, W. B. Turn. [Freshw. Alg. of E. India,

p. 141, 1. 18. fig. 2 (= *S'. excavatum, var. y, G. C. Wall, in Ann. & Mag. Nat. Hist. ser. II [.

V. (1860) p. 192, t. 7. fig. 16)].

Genus Spondylosium, Breb.

5. S. PULCHRUM, Arcli. in Pritcb. Infus. ed. IV. p. 724. (Sphccrozosma pulchrtim. Bail.

in Ealfs, Brit. Desm. p. 209, t. 35. fig. 2.)

Var. INPLATUM, nobis. {Sphcerozosma pulchrum, Bail., var. injlatum, Wolle, Desm.

U.S. p. 29, pi. 49. fig. 8.) Porma apicibus cellularum minus productis ; a vertice

visis constrictionibus duabus, parte central! paene circulari, partibus lateralibus

majoribus et ovalibus.

Long. cell. 34-40 ^; lat. 58-73 /u ; lat. isthm. 14-19o fx ; lat. apic. 10-13-5 /*; cmss.

(part, centr.) 16 ^. (PL XII. fig. 10.)

Var. CONSTRICTUM, nobis. {Sph(«rozosma pulchrum, Bail., var. constricfum, Wolle, Alg.

U.S. p. 22, pi. 59. fig. 12.) (PI. XII. figs. 11, 12.)

Long. 50-58 /i ; lat. 86-96 ^ ; lat. isthm. 23-26 ^ ; lat. apic. 1 9-21 n.

All the specimens of this variety observed were not so stiffly and geometrically con-

stricted as Wolle figures them, and the sinus was more open on account of the constrictions

being nearer the lateral angles of the semicells.

6. S. KECTANGULAiiE, nobis. {SphcBrozosma rectangulare, Wolle, Desm. U.S. p. 31, pi. 19.

fig. 9 ; Sphcerozosma Gcebelii, Racib. in Flora (1895), i. p. 32, tt. 3, 4. fig. 5.

(Pi. XII. figs. 13, 14.) S. magnum, filis non tortis, sine vagina mucosa; cellulse

compressa3, 3-plo latiores quam longiores, profundissime constrictae, sinu angus-

tissimo-lineari ad extremum subampliato; semiccllulis transverse et anguste

oblongo-rectangulares, dentibus duobus divergentibus ad angidos marginis late-

ralibus uniuscujusque et dente singulo intra marginem ad medium, apicibus

rectis (retusis in medio [Wolle]); a latere visae semicellulae depresso-globosa^

cum dente divergente ad marginem lateralem unuraquemque ;
pyrenoidibus binis

in semicellula unaquaque.

Long. 19-23^; lat. sine dent. 56-61 ^i; lat. cum dent. 61-66^; lat. isthm. 10-5-12-5^;

crass, cum dent. 17-19 /i.

The plant described and figured by Wolle as Sjihccrozosnui rectangulare certainly

belongs to the genus Spondylosiutn : there is no doubt that the plant we have found is

the same species as that which Wolle had under observation, but the compressed cells

have truncate closely apjplied apices and deutigerous lateral margins. The filaments

are not twisted like those of Spondijlosium pulchrum- So far as could be observed in the

preserved specimens examined, the chlorophyllaceous mass in each semicell contamed

tAvo pyrenoids, oval or elliptic in form, which were directed obliquely downward towards

2k2
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each other. AYolle's imperfect figure and description have evidently led E/aciborski (I. c.)

to describe the plant as a new species.

Gemis Onychonema, G. C. Wallich.

7. O. LJ=VE, Nordst. in A^idensk. Meddel. 1869 (1870), p. 206, t. 3. fig. 34.

Var. MicnACAOTHUM, Nordst. Alg. et Char. i. p. 3. (Pi. XII. figs. 15-17.) Zygosporse

globosae, spinis validis simplicibus nnmerosis brevibus obsessge.

Diam. zygosp. sine spin. 17-20 /a, cnm spin. 21-26 /u.

The var. micracanthum appears to be much more abundant than the typical plant.

An abnormal form was seen with an oblong-elliptic portion between the two semicells of

each cell ; this was slightly larger than the semicells, but of about the same breadth. It

was present in all the cells of a long filament, and appears to have resulted from the

abnormal development during division of what should have produced two young semi-

cells. AYe have also seen this abnormal form in 0. filiforme. Similar cases occur not

unfrequently in Staurastnmi and Cosmaritfm, especially in the latter.

Var. LATUM, nov. var. (PI. XII. fig. 18.) Var. cellulis cotnpressis, latioribus et suban-

gularibus,apicibus pro parte tertia apicis uniuscujusque levissime elevatis et trnncatis

;

a vertice visis angustioribus, lateribus subrectis ; membrana punctata.

Long. 15-15-5 ^x; lat. sine spin. 28 5-30*5^, cum spin. 36-5^: lat. isthm. 3-8-4'6 m ;

crass. 7 At.

Genus Hyalotheca, Kuetz.

8. H. TJXDULATA, Nordst. in Wittr. & Nordst. Alg. Exsic. no. 248.

Long. cell. 10-15 tx ; lat. 6-7 n ; lat. isthm. 4*6-5 ^.

This characteristic species was met with frequently. It cannot possibly be confounded

with Sph(Erozosma excavatum as stated by Wolle (Desm. U.S. p. 24). The diameter of

our examples is the same as that of the original Swedish plant and also of British

specimens ; Wolle says 9-12 /t (his figure is 14 ^u !).

Genus Gymnozyga, Ehrenb.

9. G. MONILIFORMIS, Ehrenb. {Bambusina Brehissonii, Kuetz. ; Bidymoprmm Borreri,

Ralfs.)

Var. GEACiLESCENS, Nordst. in Wittr. & Nordst. Alg. Exsic. no. 367.

Long, zygosp. 21-23^; lat. zygosp. 16-17 /t. (PL XII. fig. 19.)

This has been found with zygospores by Nordstedt (in Wittr. & Nordst. Alg. Exsic.

no. 554) from Brazil and by Wolle (Alg. U.S. p. 21, pi. 59. figs. 13, 14) from Elorida.

We give a figure of a few of the zygospores observed by us.

10. G. conferyacea, nov. sp. (PL XII. figs. 20, 21.) G, cellulis subrectangularibus,

l§-2-plo longioribus quam latioribus, leviter latioribus ad medium, annulo singulo

delicatissimo mediano ; membrana glabra.

Long. 12-18-5 /a ; lat. 9-105 m ; lat. med. 105-12 ^u.

This has shorter and stouter cells than G. delicatissima, Lagerh., and has only a single

median delicate band.
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11. Gymnozyga delicatissima, Nordst. in Wittr. et Ts^rdst. Al?. Exsic. in obsorv. ad

no. 803 ; Lagerli. in Notarisia, anno iii. (ISSS) fasc. 12, p. .595. [Bamhusim, deli-

catissima, Wolle, Desm. U.S. p. 25, pi. 1. fi^^s. 22-2i.)

Long. 15-5-18 fx ; lat. 6-5-7 ai. (PI. XII. fig. 22.)

The examples noticed by ns had shorter cells tlian Wolle's, the length liardly ever being

three times the breadth. The two median hands were quite delicate in their character.

Genus Desmidiuji, Agardh.

12. D. Aptogoktjm, Breb. Alg. Falaise, p. 65, t. 2. {Apfogomim Desmidium, a, Kalfs,

Brit. Desm. p. 64, t. 32. fig. 1.) Zygosporte subglobosjB vel late ellipticac, glabrae.

Long, zygosp. 22-27 ti ; lat. zygosp. 20-25 m. (V]. XII. lig. 24.)

The cells of the conjugated filaments were all somewhat disjointed.

Var. Ehrenbergii, Rabenh. Fl. Europ. Alp. iii. p. 154. {Odontella Desmidium,

Ehrenb. ; Jj^toffoutfm diagonnm, Delp. Spec. Desmid. Subalp. p. 76, t. 3. figs. 6-10.)

(PI. XII. fig. 23.) Forma cellulis latioribus brevioribusque ; a vertice visis oblongis

cum lateribus rectis et apicibus inflatis.

Long. cell. 14-5-15-2 fx ; lat. 34-35 u. ; lat. isthm. 25-265 ju ; crass. 7'5 fi.

When seen in front view this so much resembles Desmidium Aptogonum, that it must

1)6 but a variety of it. Aptogonum diagonnm, Delp., appears to be only a form of this

variety, though it differs from what we have seen in its longer and thicker cells.

13. D. CYLiKDEiCLM, Grev. Scot. Crypt. Fl. p. 292 et tab. {Didijnwprium Grevillei,

Kuetz. Phycol. General, p. 166 ; EaKs, Brit. Desm. p. 57, t. 2.)

A figvire is given of a zygospore of this species (long. 43 jn, lat. 36 (U<). (PI. XII. fig. 29.)

Var. OBLiQUUM, nov. var. (PL XII. fig. 30.) Var. semicellulis a vertice visis latere

uno convexis, latere altero valdissime convexis fsemicircularibus).

Lat. 61 ^ij ; crass. 49 (Jj.

14. D. cOAiiCTATUM, Nordst. Freshw. Alg. of New Zeal. & Austr. p. 25, pi. 2. fig. 3.

Long. 22-32 ^ ; lat. 37-41 /t ; lat. apic. 15-17 ^l ; lat. isthm. 28-30 ax.

15. D. QUADEATrM, Nordst. Bidrag Sydlig. Xorges Desm. p. 19, fig. 24.

Long. cell. 14-17 i^ ; lat. 21-23 m lat. isthm. 18-19 ,x ; crass. 17-5-18 ^.

A few exactly typical filaments of this were observed, and as Wolle's figure (Desm.

D.S. pi. 49. fig. 5) is not a representative one—the lateral incisions of the cells

especially being too deep—we give one (PI. XII. fig. 25).

15*. D. ^DQiJALE, nov. sp. D. a D. quadrato differt cellulis majoribus, a fronte et a latere

visis latioribus, zygosporis globosis, undulato-nodulosis. (PI. XII. fig. 28.)

a. ELLiPTiCA (PI. XII. fig. 17) cellulis a vertice visis subcircularibus et subporrectis

ad polos.

b. TRiGONA (PI. XII. fig. 26) cellulis a vertice visis trigonis, lateribus convexis et

angulis subporrectis.

Long. 17-19 /«.; lat. 29-31^; lat. apic. 21-22 ^: lat. isthm. 28 ^; diam. zygosp.

25 m.
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This species was in great abundance, and seems veiy cliaracteristic, as tlie filaments-

are of a more uniform breadth throughout than are those of any other species belonging

to the subgenus Bidywoprium.

Genus Dociditjm, Breb.

16. D. Baculum, Breb. in Kalfs, Brit. Desm. p. 158, tab. 33. fig. 5.

Long. 296-348
f* ; lat. ad has. semicell. 12*5~13 /a; lat. ad medium semicell. 9"6 {l.

The description and figure given by Wolle (Desm. U.S. p. 49, pi. 11. figs. 3, 4) do not

belong to this species. This cosmopolitan species is always constant in its characters,

always having a basal inflation with a slight constriction immediately above it and

the plications at the base. The Locidium Bactdum recorded by Prof. F, L. Harvey from

Maine (in Bull. Torr. Bot. Club, vol. xix. Apr. 1892, p. 122) is not that species, as he

refers it to WoUe's figure, and his measurements (long. 425 (h, lat. 2q (/j\) are much too

large. We give a figure (PI. XII. fig. 35) of the largest specimen we have ever seen

(and that an American one) ; the breadth of this species is fairly constant.

Genus Pleueot^nium, Nag.

17. P. NODOSUM, Lund. Desm. Suec. p. 90. [Docidiiim nodosum, Bail, in Balfs, Brit.

Desm. p. 218, t. 35. fig. 8.)

North American examples of this species attain very much larger dimensions than do

British forms. A figure is given (PI. XII. fig. 31) of an abnormal semicell (long, semi-

cell. 329 jO. ; lat. ad bas. infl. 67 ^ ; lat. apic. 41 (Jj) possessing an extra nodose projection

on one side, causing the semicell to be bent at that point.

18. P. CONSTRICTLM, Lagerh. in Ofvers. Sv. Vet.-Akad. Forh. (1855) n. 7, p. 251.

{Bocidlum constrictum. Bail, in Halfs, Brit. Desm. p. 218, t. 35. fig. 7.)

Long. 415-500 ^ ; lat. ad bas. semicell. 41-48 jM. ; lat. apic. 26-30 (l.

The constrictions of the semicells of this species vary considerably in depth in difi*erent

examples. Sometimes the two semicells of the same plant are differently constricted ; in

one specimen the breadth across the constrictions of one semicell was 40—36—34 ^i, and

that across those of the other only 33—31—26 /«. The number of constrictions present

on a semicell may be either 3 or 4. The apical papillso are also subject to considerable

variation
;
in some cases they are mere rounded granules, whereas in others they are long

and very sharp teeth.

19. P. HYPOCYMATiuM, nov. sp. (PI. XIIl, fig. 1.) (? Bocidium Baculum, Breb. var.

flondense, Wolle, Alg. U.S. p. 26, pi. 54. fig. 5.) F. parvum, circiter 28-plo longius

quam latins, vix attenuatuin, lateribus leviter undulatis, undulis apices versus

gradatim minoribus, lateribus infra apices rectis ; apicibus subtruncatis granulis 4

(visis) juxta marginem ornatis ; mcmbranfi minute et irregulariter punctata.

Long. 396 {l ; lat. ad bas. semicell. 16 ^ ; lat. apic. versus 12'5 ^.

We have seen this species not un frequently ; it may be compared with P. cmnulatum

and P. basiundatttm. West.
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•20. Pleurot^nium subcoronulatum, West & G. S. West, in Tmns. Linn. Soc. scr. 11.
(Bot.) V. (1895) p. U, pi. 5. fig. 33. {Docidium subcoronulatum, W. J^. Tuni.
Ereshw. Alg. of E. India, p. 29, t. 3. fig. 1.)

Var. DETUM, nov. rar. (PI. XIII. figs. 2, 3.) Var. semicellulis subito constrictis infra
apices dilatatis, constrictione ad partem septimam longitudinis (circitcr) a polo
sit^ ; tuberculis 26-30 (visis—14-16).

Long. 404-446^
; lat. ad bas. semicell. 29-38-5 ;« ; lat. ad constrict, infra apic. 20-27 ^i

;

lat. ad apic. 27-28 /u.

21. P. PARALLELUxM, West & G. S. West, in Trans. Linn. Soc. scr. 11. (Bot.) v. (1895)
p. 45, pi. 5. fig. 34.

Long. 727-891 u ; lat. ad bas. semicell. 50-52 ^ ; lat. ad apic. 36-39^.

22. P. ScEPmuM, nobis. (Docidium Sceptrum, Kuetz. Species Algarum, p. 168 ; Hoy,
in Scottish Nat. (1883-4) p. 37 ; Docidium tridentulum, Wolle, Desm. U.S. p. 52,

pi. 10. fig. 10 ; Fleurotcenium tridentiUum, West, in Journ. Linn. Soc. (Bot.) xxix.

(1892) p. 120.)

A figure of a typical specimen is given.

Long, (sine dent.) 250 ju; lat. ad bas. semicell. 12-5 |u; lat. apic. 7"5^. (PI. XIII. fig. 0.)

Var. CAPITATTJM, West. {Pletirotcenium tridentulum var. capitatuMj West, I. c. pi. 24.

fig. 12.) (PL XIII. figs. 7, 8.)

Long. 330-360 |Ci; lat. ad bas. semicell. 12-135 /it ; lat. ad apic. 7'5-8'5m-

'23. P. TROCHISCTJM, nov. sp. (PL XIII. figs. 4, 5.) P. mediocre, circiter diametro 15*16-

plo longius; semicellulse cylindricae lateribus rectis; vix attenuatum polis, cum
inflatione parva ad basin, apicibus truncatis; raembrana annulis 13-15 imprcssionum

irregularinm subquadrangularium vel oblonganira (non in scries longitudinaliter

ordinatis), circiter 6 annulo unoquoqne (impressiones partes tenuissimcc membranoe

sunt—verrucas non sunt), impressionibus intra inflationcm basalem minoribus

irregularibus et numerosioribus, lis intra polos irregulariter elongatis (interdum

fractis) in parte octava semicellulae uniuscujusque.

Long. 416-458 n ; lat. ad bas. semicell. 29-38 ^ ; lat. med. semicell. 25-31 ft ; lat. apic.

21-27 iu.

The somewhat quadrangular markings on this species are due to those portions of the

membrane which are not internally thickened, and, being the thinnest parts of the

membrane, are analogous to the pits in the large vessels of the xylem of angiosperms. It

diff'ers from Fleurotcenium tessellatum, Lagerh. (i. e. Docidium tessellatnm, Josli., in

Journ. Linn. Soc. (Bot.) xxi. (1886) p. 650, t. 25. fig. 15), in having a distinct basal

inflation, in not being attenuated to the apex, which is, moreover, without teeth. The

rings of markings are also more numerous : the markings are fewer in each ring, they are

not regularly oblong and are not in longitudinal scries. Lagerheim (in Ofvers. Sv. Vet.-

Akad. Eorh. (1887) n. 8, p. 541) states that the elongated warts at the apex of

P. tessellatum are only faintly indicated ; in our plant they are most clearly indicated

and only occupy about an eighth part of the semicell. It diff'ers from P. cerrucosum
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[WoUe, Desm. U.S. p. 52, pi. 10. figs. 4, 5] in having a basal infl.ation, in having straight

sides (not crennlate), in having mnch fewer markings in each ring, and in the rings not

extending regularly to the apex. It is very different from F. egregium, nobis \_'=Doci'

dkini egregitim, W. B. Turn. Treshw. Alg. of E. India, p. 31, pi. 2. figs. 14, 15], the only

other Pleurotcenium of this class.

Genus Triploceeas, Eail.

24. T. GRACiLE, Bail. Micr. Obs. p. 38, t. 1. fig. 10; Nordst. Ereshw. Alg. of New Zeal.

& Austr. pp. 64, 65 ; W. B. Turn. Ereshw. Alg. of E. India, pp. 25, 26, t. 2. tigs. 1-4

;

Docidium gracile, Wittr. Anteck. Skand. Desm. p. 21, t. 1. fig. 10. (PI. XIII.

figs. 9-13.) Eorma semicelkilis apice trnncatis (vel leviter convexis), ad angulum

iinumquemque spina brevi valida extrorsum curvata, lobulis duobus (vel process-

ibus) profunde bifidis (interdum trifidis) instructis.

Long. 312-422 /u ; lat. ad has. semicell. (c. spin.) 24'5-26-5ju ; lat. apic. 21-25 ^u.

Hab. Minnesota.

All the specimens examined had apices of this character, which are not like the apices

of any published forms.

Genus Closterium, Nitzsch.

25. C. ABRrPTUM, West, in Journ. Eoy. Micr. Soc. 1892, p. 719, pi. 9. fig. 1. Zygosporse

globosa}, glabrae. (PL XIII. figs. 14, 15.)

Long. 127-135^; lat. 12-5-14'5 jw ; lat. apic. Gin; diam. zygosp. 32-46 ju.

Mab. Orono, Maine.

26. C. Braunii, Eeinsch, Algenfi. Eranken (1867), p. 196, 1. 12. fig. 5; Joshua, in Journ.

Bot. xxiii. (1885) p. 35, t. 254. fig. 9 ; Clostermm areolatum, H. C. "Wood, 1874

;

Wolle, Desm. U.S. p. 43, pi. 7. figs. 3,4; O. maculatum, Hastings, in Anier. Monthl.

Micr. Journ. xiii. (1892) p. 154, pi. 1. fig. 5. (PL XIII. figs. 16, 17.)

Long. 622 )u; lat. 43 ^u; lat. apic. 10-11 /<.

Hah. Scarbro', Maine.

This has also been observed by Joshua from Nova Scotia, and the figure he gives is

more accurate than that of Ileinsch. The plant Ave observed had altogether 10 striae,

each composed of an irregular double series of granules, most of which were longitudin-

ally elongated. Between the striae the membrane is irregularly punctulate ; the poles

are similar to those of C. turgidtmiy but not so much recurved.

C areolatum, H. C. W^ood, seems to be identical with Beinsch's species. Thus the

forma simplicior, Gutw., and forma glabra, Gutw., in Sprawozd. Akad. Krak. xxx. ii-

(1895) pp. 36, 37, t. 2. figs. 10, 11), of C. areolatum. Wood, must be regarded as forms

of C. Braimii, Beinsch.

27. C. PR^ELo:NGrM, Breb. ; Babenh. El. Europ. Alg. iii. p. 130.

Porma brevior, Kordst., Ereshw. Alg. of New Zeal. & Austr. p. 68, pi. 3. figs. 22-24.

Long. 230-320 /i; lat. 13-5-16/..
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28. Closterium Cynthia, De Not. Desm. Ital. p. 65, t. 7. %. 71 ; Cooke, Brit. Desm.
pp. 26-'27.

Long. 73-76^ ; lat. 11-14 ;u. (PI. XIII. figs. 18, 19.)

Hab. Bog between Orono and Bangor, Maine.

29. C. DiLATATUM, nov. sp. (PI. XIII. figs. 20-22.) C. mediocre, ccllulis diametro

8-plo longioribus, modiee curvatis, gradatim attenuatis ad polos, jjolis levitcr dilatatis,

apicibus angulari-convexis, angulis lateralibus polorum subincrassatis ; membrana
achroa delicatissim^ sed sparsini striolata, striis visis 6.

Long. 218-228^; lat. 28-29 ^t; lat. apic. 9*5 /..

This species is less curved than C. lagoense, Nordst. (in Vidensk. Meddel. 18G9 (1870)

p. 203, t. 2. fig. 2), has fewer striae, and is less attenuated towards the poles, the dilated

portion of which is also shorter.

30. C. cosTATUM, Corda, Almanach de Carlsbad, 1835, p. 124, t. 5. figs. 61-63 ; Jialfs,

Brit. Desm. p. 170, t. 29. fig. 1. Porma cellulis minus curvatis et apicibus

truncatis; striis 4 in 15*5-17;" ; membrana inter strias punctata.

Long. 230-301 /u ; lat. 26-29 /i; lat. apic. 6-9 u. (PI. XIII. figs. 23, 24.)

Genus Peniijm, Breb.

31. P. ANKULAEE, West, in Journ. Bot. xxix. (1891) p. 354, t. 315. figs. 5, 6.

Long. ]90jii; lat. 23 /u ; lat. apic. 19 /n.

Rab. Harvey Lake, Lycoming Co., Pa.

Mr. N. L. Johnson of Ann Arbor informs us that he has this species in abundancf?

from Louisiana at a point over a thousand miles from the locality (Scarbro') in Maine

where it was first gathered.

32. P. INCONSPICULM, West, in Journ. Boy. Micr. Soc. (1894) p. 4, pi. 1. figs. 6, 7.

Long. 19 /t ; lat. 58 ^u. (PI. XII. fig. 34.)

Hab, Barvey I^ake, Lycoming Co., Pa.

33. P. MiNUTUM, Cleve. {DocicUum minutum, Balfs.)

Var. GRACILE, Wille, in Christ. Porh. Vidensk.-Selsk. 1880 (1881), n. 11, p. 51, t. 2.

fig. 33 ; West, in Journ. Linn. Soc. (Bot.) xxix. (1892) p. 129. (PI. XII. figs. 32, 33.)

Long. 142-268 i-i ; lat. 7-5-8-5
f,.

Some of the forms noticed were much longer than Wille's, some being 30 times as

long as broad.

Genus Cylindrocystis, Menegh. ; De Bary.

34. C. ANGULATA, nov. sp. (PL XIII. figs. 25, 26.) (C. tumida, Wolle, Alg. U.S.

p. 23, pi. 56. figs. 7, S, non F. Gay.) C. submagna, circiter 2i-plo longior quam

latior, emarginatim constricta ad medium ; semicellula) truncalo-conicse, lateribus

rectis, apicibus subrectis angulis levissime rotundatis ; membrana scrobiculato-

punctata
;
pyrenoidibus siAgulis magnis.

Long. 65-69-5 m; lat. 29-31 /x; lat. apic. IPS^*; lat. constrict. 27-5-28-5^.

SECOND SERIES.—BOTANY, VOL. V.
^^
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The plant which came under our observation was evidently the same species as that

figured by Wolle, though he says *' membrane smooth "
; all those noticed by us were

minutely scrobiculate. C. fumida, E. Gay (in Rev. Sc. Nat. ser. III. iii. (1883) p. 228,

t. 1. fig. 1), is a very different plant, with no constriction, no angularity, and a smooth

membrane.

Genus Tetmemoeus, Ealfs.

35. T. GRANULATUS, Ralfs, Brit. Desm. p. 146, t. 24. fig. 3.

Var. ATTENUATUS, West, in Journ. Linn Soc. (Bot.) xxix. (1892) p. 132, pi. 20. fig. 7.

Long. 303 |i ; lat. ad has. semicell. 42 fx ; lat. isthm. 37 ^ ; lat. ad apic. 21-22 fx ; lat.

subapic. 21-23 /n.

This is a larger form than the Irish plant, but otherwise precisely the same. The figure

published of the above was not a good one and did not show the attenuation sufficiently.

Genus Micrasterias, Agardh.

36. M. ARCUATA, Bail, in Smithson. Contrib. to Knowl. 1850, p. 37, t. 1. fig. 6 ; Wolle,

Desm. U.S. p. 117, pL 38. fig. 5 ; Nordst. in Ofvers. Sv. Vet.-Akad. Forh. (1877)

n. 3, p. 22, cum fig. xylogr. ii. 1-2.

Yar. GRACILIS, nov. var. (PI. XIII. fig. 27.) Var. gracilior, lobis raulto angustioribus,

lobo polari processibus subconvergentibus ; apicibus omnibus loborum mucronatis

(vide Nordst.).

Long. 77-81 ^i ; lat. 98-115 ^u ; lat. isthm. 9-10-5 /i.

Hab. Harvey Lake, Lycoming Co., Pa.

37. M. PixxATiFiDA, Ralfs, Brit. Desm. p. 77, 1. 10. fig. 3. (Euastrum pinnatifidum, Kuetz.

Phycolog. Germ. p. 134.) Zygospora globosa, spinis longis validis attenuatis acutis

ornatis, cum papilla obtusa intra basin uniuscujusque spinse.

Diam. zygosp. sine spin. 44 n, cum spin. 67 n. (PI. XIII. fig. 28.)

Porma major, lobis longioribus et tenuioribus.

Long. 78 ^i ; lat. 96 ^ ; lat. isthm. 12 n.

„ 82-5 ^t; „ 100 iu; „ „ 12-5 m-

„ 82-5^; „ 105^; „ „ 12 5 ;it.

„ 81 A* ; ,, 106 ju ; „ „ 13 fx.

Forma. (PI. XIIL fig. 29.)

Long. 54 fx ; lat. 55-62 ,u ; lat. isthm. 12 a*.

Hah. Harvey Lake, Lycoming Co., Pa.

This form had one semicell like var. inflata, Wolle (Desm. U.S. p. 116, pi. 37.

fig. 9=var. quadrata, W. B. Turn. Freshw. Alg. of E. India, p. 89, t. 5. fig. 3 ^'), the

other semicell being like var. expansa, W. B. Turn, (h c. fig. 3 e), thus showing these are

but forms of the same variety.

38. M. DEPAirpERATA, Nordst. in Vidensk. Meddel. 1869 (1870), p. 222, cum fig.)-

Forma major, spinis curvatis ad angulos furcatos, lobo polari breviori ; membrane
delicatissime punctata.
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Long. 155^; lat. (cum spin.) 142^; lat. isthm. 27^. (PI. XIY. fig. 1.)

Sab. Harvey Lake, Lycoming Co., Pa.

We agree with Lagerlieim (in Ofvers. Sv. Vet.-Akad. Eorh. (1889) n. 8, p. 53G) that
Micrasterias Kitchelii, WoUe (Desm. U.S. p. 116, pi. 37. figs. 1, 2), belongs to this

species
;

it is larger and has distinctly produced angles, a shorter polar lobe, and a more
open sinus; it should be called var. Kitchelii, nobis.

89. Micrasterias furcata, Ralfs, Brit. Desm. p. 73, t. 0. fig. 2.

North American forms of this species are very variable with regard to the division of

the lateral lobes. Mr. N. L. Johnson, in Bot. Gaz. vol. xix. (1894) pp. 58-00, pi. 6.

figs. 7-14, writes upon this variability, and after examining a large number of specimens

showing these variations we agree with him that M. pseudofurcata, Wollc (Desm. U.S.

p. Ill, pi. 35. fig. 4; M.furcata var. decnrta, W. B. Turn, in Journ. Boy. Micr. Soc.

(1885) p. 934, pi. 16. fig. 10), and M.furcata var. simplex, Wolle (Alg. U.S. p. 40, pi. 59.

figs, 6, 7), are but forms of the species. This variability applies only to North American

forms so far as our own observations go,

A peculiar densely punctate form (long. 127 /i, lat. 115-120 /i, lat. isthm. 26 /i) was

seen in which the superior lateral lobe on one side was divided at right angles to the

plane of the plant, while the corresponding lobe on the other side was divided in the

usual way ; but the superior lobelet was again divided at right angles to the plant, these

latter divisions not being forked. (PI. XIV. tig. 3.)

Another peculiar form (long. 217 ju, lat. 211 ^i, lat. isthm. 20 m) is figured (PI. XIV.

fig. 2) which approaches M. dichotoma, Wolle ; it is in fact an intermediate form

between the latter and M.furcata. The M. dichotoma, Wolle, figured by Lagerheim

(in Ofvers. Sv. Vet.-Akad. Porh. (1885) n. 7, p. 231, t. 27. fig. 4) appears to connect this

form with that figured by Wolle. Is not 3f. dichotoma an extreme form of M.furcata ?

M.furcata forms :

—

Long. 125-151 ^. : lat. 111-139 ^t ; lat. isthm. 17-23 ^.

M. pseudofoircata forms :

—

Long. 150-153 iu ; lat. 140-142 fx ; lat. isthm. 15-16*5 ,u.

40. M. NoRDSTEDTiANA, Wollc, Dcsm. U.S. p. 113, pi. 52. figs. 3-5.

Long. 134-191 ^l ; lat. 115-171 h- > lat. isthm. 14-27 /.. (PL XIV. fig. 4.)

After carefully noting many specimens of this we find that the " short conical

prominence " on the middle of each side of the exserted neck of the polar lobe varies

from a small conical prominence to short processes similar to the shorter ones at the

apex of the polar lobe, but only two thirds their length, and furnished at the apex with

from 1 to 3 small spines. Some specimens had these lateral projections doubled.

41. M. MURICATA, Bail. ; Wolle, Desm. U.S. p. 118, pi. 36. figs. 4-7.

Specimens of this were observed in which the central one of the three basal processes

on each side was again divided in the plane of the Micrasterias (long. 163-172 ^ ; lat. 100-

104 u ; lat. isthm. 18-20 ^). (PL XIV. tigs. 5, 6.)

2l 2
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Var. TUMiDA, nov. var. (PI. XIV. fig. 7.) Var. semicellulis tumore basali utrobique

ad medium ; a basi visis processibus lateralibus brevioribus et submcurvatis

;

isthmo circiilari.

Long. 195 m; lat. 122 ju; crass. 87"5-40(M.; lat. isthm. 16*5 ju.

This variety differs from the typical form in having a central protuberance near the

base of each semicell. This is most readily seen from the basal view of a semicell or

from the lateral view. The isthmus is also circular and not elliptic.

42. MiCRASTERiAS APTCULATA, Menegh. in Linnaea, xiv. (1810) p. 216 ; Cooke, Brit.

Desm. p. 186, pi. 48. fig. 1 [after W. B. Turner]. {Euastimm apieulatum, Ehrenb.

Infus. p. 167, t. 12. fig. 2.) (PL XIV. fig. 12.)

Long. 228 |M.; lat. 226 /x; lat. isthm. 30 yu. Lat. : long.= l : 1*004.

„ 254^; „ 226 At; „ „ 35 1.. „ „ =1:1-124.

„ 294 m; „ 250 60; „ „ 36 m. „ „ =1:1-176.

As the figure of this species given by Wolle (Alg. U.S. pi. 56. tig. 3) is so widely

different from any forms with which we are acquainted, we give a figure of the American

form we meet with, which differs from the European form only in being rather wider ;

we propose that tiie form figured by Wolle be named var. Wollei.

Subsp. FiMBRiATA, Nordst., var. spinosa, Biss. (Boy et Biss. in Ann. Scot. Nat. Hist.

(1893) p. 173, pi. 1. fig. 3).

This seems to be one of a series of forms connecting M. apiculata with M, fimhriata.

43. M. EADiosA, Balfs, Brit. Desm. p. 72, t. 8. fig. 8.

Var. ORNATA, Xordst. in Vidensk. Meddel. 1869 (1870), p. 223, t. 2. fig. 11.

Long. 112 ju ; lat. 110 ^ ; lat. isthm. 16 ^.

llah. Minneapolis, Minnesota.

Var. SwAiNii, nobis. {3Bcrasterias Swainii, Hastings, in Wolle, Desm. U.S., new edit,

p. 119, pi. 42. fig. 1.)

We consider that M. Swainli, Hastings, is but a variety of this very variable species.

We give a figure (PI. XIII. fig. 30) of a form (long. 150 /i, lat. 151 /u, lat. isthm. 11-5 u)

sufficiently near his to show this, although the polar lobe of this example is abnormally

narrow compared with other American specimens ; the latter generally possess a broader

polar lobe than British examples.

44. M. sPECiosA, Wolle, Alg. U.S. p. 38, pi. 56. figs. 1, 2.

The typical form of this has the short peripheral spines set on like those of 31. apicu-

lata, Menegh., as one would infer from WoUe's description, though his fio-ure does not

show this.

Long. 144-153 ix ; lat. 132-135 /u ; lat. isthm. 16-21 ^.

Pormalaciniisperiphericis mucronatis (non spiniferis); membrana granulato-punctata.

Long. 150-154 m ; lat. 125-132 fi ; lat. isthm. 15-22 ^. (PI. XIV. tigs. 10, 11.)

This form, so far as we have observed, always has the ultimate divisions of the lateral

lobes subacute and submamillate ; this also applies to the 6 "mucros " of the polar lobe in
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some specimens
;
in others the polar lobe has 8 or more apical teeth, and these examph^s

have this lobe also bordered with small spines. No small spines were seen on any of the
lateral lobes of this form, antl all the specimens seen had a stroni^ly and densely
punctate (minutely granulate) membrane.

45. MiCRASTERiAS coNFERTA, Luud. Dcsm. Saec. p. 14, t. 1. fi^. 5.

Var. HAMATA, Wolle, Desni. U.S. p. Ill, ])1. 38. tii?s. 3, 4. {31. hamaki, Boer^. in

Vidensk. Meddel. 1890 (1891) p. 31.) (Fl. XIV. %s. 8, 9.)

Long. 80-86^; lat. 75-80^*; lat. isthm. IO'S-IIdm.

Boergesen elevates tliis to the rank of a species on account of the peculiar polar lobe

and the deeper and wider incisions. The incisions of the examples we have seen are

certainly as narrow as those of Lundell. Wolle's figures also show the incisions quite

as narrow as those of the latter, although Boergesen states in his note on M. hamata—
" incisuras multo profundiores et ampliores." The incisions in AVoUe's figures are

deeper than those of the typical plant, as are those in some of the specimens we have

seen, but in others that have come under our observation they were no deeper. The

ultimate division of the lobes had two short spines rather than papillae. Thus the chief

character of this variety is in the form of its polar lobe, which difference is not sufficient

to separate it as a distinct species from M. conferta.

All the specimens seen by us had the angles of the polar lobe more uncinate, so as to

bring the apices of the angles within the margin of the frond. The exterior margin of

each wing of the polar lobe has three teeth, and also has a pair of smaller teeth on each

side of the median depression. The membrane is either minutely punctate or faintly

scrobiculate.

46. M. Thomasiana, Arch, in Quart. Journ. Micr. Sc. vol. ii. (1862) p. 239, 1. 12. figs. 1-5.

Long. 271 /u; lat. 230 /i; lat. isthm. 28 /i. Lat. : k:)ng.r=l : 1-178.

47. M. ABHUPTA, nov. sp. (PL XIV. fig. 13-16.) M. parva, profunde constricta, sinu

sublineari et subaperto; semicellulae late truncato-semicirculares et quinquelobae,

lobo jwlari late triangulari incisuris subapicalibus apertis (interdum admodum

curvatis basin versus semicellularum), apicibus rectis (interdum levitcr truncato-

convexisj, angulis profunde emarginatis (interdum non emarginatis sed apiculatis),

lobis lateralibus truncatis medio distincte emarginatis, angulis duobus apiculatis ;

a vertice visse subangulari-fusiformes, polis acutis ; a latere visae angulari-ovatae

;

membrana glabra vel jninctata.

Long. 40-43 ^ ; lat. 42-49 fx ; lat. isthm. 7'5-10 ^ ; crass. 12o yu.

Many examples of this were seen, and the characters were constant. The M. truncata

figured by Wolle, Desm. U.S. pi. 38. fig. 9, may belong to this species.

Genus Euastrum, Ehrenb.

48. E. GIGANTEU3I, Nordst. in De Toni, Syll. Alg. i. p. 1100. {Tetmemorus gigariteua,

H. C. Wood ; Wolle, Desm. U.S. p. 92, pi. 20. fig. 6 ; Alg. U.S. p. 34, pi. 54. fig. 1.)

We have examined a large number of specimens of this plant, and from the character
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of the sinus, the apical incision, the basal protuberances, and the thickened angles it

must of necessity be placed under the genus Euastnim. As it has only been imperfectly

described, we append the following amended description :

—

U. permagnum, circiter 3-|-plo longius quam latins, modice constrictum, sinu lineari

;

semicellula? longitudinaliter oblongse ; angulis inferioribus rectangularibus et

levissime rotundatis, lateribus leviter convexis, vel convexis in parte inferiore et

concavis in parte superiore, vel concans in parte inferiore et convexis in parte

superiore, apicibus snbrotundatis vel trnncatis cum angulis rotundatis, interdum

apices versus subito attenuatis, incisura mediana profunda et angustissima, intra

angulos inferiores tumore, supra isthmum tumore instructa ; a latere visae lingui-

formse, angulis basalibus rectangularibus et levissime rotundatis, aj)icibus rotundatis
;

membrana scrobiculata ; angulis inferioribus et incisuris apicalibus valde incrassatis.

Long. 248-251^; lat. 73-77 a*; lat. isthra. 32-34-5 /*; crass. 73^1.

49. EuASTRUM CEASSUM, Kuetz. ; Ralfs, Brit. Desm. p. 81, t. 11. fig, 3.

Var. scROBicuLATTJM, Lund. Desm. Suec. p. 18, t. 2. fig. 1.

o o o o
^O o o ^ o o oo

Fig. 1.

—

Euastrum crasmm var. scrohiculatum, Lund.—Central scrobiculations. 520/1.

Lundell describes the scrobiculations as one or two; they vary in the American
examples we have seen from one to six. (Fig. xyloo-r. 1.)

50. E. OBLo^GrM, Ealfs, Brit. Desm. p. 80, t. 12.

Eorma scrobiculata, l^ordst. Sydlig. Norges Desm. p. 7.

Tbe scrobiculations of this form are much smaller than those in the var. of K crassim;
the number in tbe centre of each semicell is one or two in tbe American specimens
examined.

51. E. INSIGNE, Hass. Brit. Ereshw. Alg. p. 21, t 41. fig. 2 ; llalfs, Brit. Desm. p. 83,
t. 13. tig. 6. (PI. XIV. fig. 17.)

Long. 133^; lat. 69-75 Ai; lat. isthm. 17 ^t; crass. 36 /x.

Typical examples of this were frequently observed; we note this because the figures
given by Wolle (Desm. U.S. pi. 27. figs. 39-43) do not represent the species, but are
probably A. orientale, W. B. Turn. Before we had seen the remarks under the last-named
species by Turner (Ereshw. Alg. of E. India, p. 79) we had written a long note practically
embodymg the same conclusions concerning E. mamillosum, Wolle, Desm. U.S. p. 102,
pi. xxvi. figs. 14, 15.

52. E. INTERMEDIUM, Cleve, in Ofvers. Sv. Vet.-Akad. Eorh. 1863 (1864), n. 10, p. 484,
t. 4. fig. 1

;
Lund. Desm. Suec. p. 21, t. 2. fig. 4. (PI. XIV fio>s 18 19 )

Long. 60-66^; lat. 38-5-42 ^; lat. isthm. 7-5-8 ,,; crass. 16-5-18% ^

'
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This species is not imfrequent, hut has not heen placed on record for the U.S., as tliat

which was described and figured hy Wolle (Desm. U.S. p. 102, pi. 2i. ivj;. 1-5) is now
known as U. TFollei, Lagerh.

.53. ErASTRUM ATTENUATUM, Wollc, Desm. U.S. p. 103, pi. 26. fig. 17. (E. UasHngsii,

WoUe, Desm. U.S., new edit. p. 113, pi. 42. figs. 10, 17, et Wolle in lit. cum
icone.) (PL XIY. figs. 20, 21.)

Having seen a large number of specimens of this species, we feel confident that tJio

above two species of "Wolle are the same ; aod as neither his figures nor descriptions

under either name represent this characteristic species, we feel it necessary to descril)e

and figure the true plant.

U. mediocre, subcluplo longius quam latins, profunde constrictum, sinu line^iri;

semicellulse trilobcie, angulis inter lobos rectangularil)us et rotundatis, lobis Interalibus

retusis,lobulis sfepe leviter emarginatis,iis inferioribus projicientioribus, lobis])olaribus

elongatis (l§-plo longioribus quam latis), lateribus levissime divergentibus, apicibus

levibus et subtruncatis cum angulis rotundatis, infra et juxta apicem plicatis; intra

lobos laterales (inter lobulos) tumore singulo et in centro semicellulae tumoril)us

binis verticaliter dispositis instructis ; a vertice visae ellipticae tumore singulo ad

apicem unumquemque et lateribus tumoribus tribus utrobiquc, lobo polnri circulari

et crenulato ; a latere visae partibus inferioribus subrectangulares lateribus retusis,

tumoribus 4 intus cruciatim dispositis, lobis polaribus ut a fronte visis.

Long. 61-63 /tt; lat. 36-5-38-5 a*; lat. lob. pol. 11-11*5 ^u; lat. isthm. 11-5-13-5 ^t;

crass. 21-22 At.

The lateral lobes are not rectangular as figured by Wolle, but in all the specimens the

margins converge somewhat, so that the upper lobule does not project so much as the

lower one. The polar lobe is about the same length as in Wolle's figure of E. attenuatum,

but certainly longer than that figured for E. Hastingsii. The apex is perfectly smooth

(and is not crenulate as figured by Wolle for both E. attenuatum and E. Eastingsii) ;

the longitudinal plications are on a dilated portion just below the apex, which gives a

somewhat crenulated appearance to the apex when the plant is slightly tilted.

64. E. EVOLUTUM, nobis. (PI. XIV. fig. 2*2.)

E. ahruptnm, Nordst., var. cvolutimi, Nordst. in Ofvers. Sv. Vet.-Akad. Forh. (1877)

n. 3, p. 2], t. 2. fig. 7.

E. NorcUtedtiamim, Wolle (ex parte), Desm. U.S. pi. 26. figs. 7, 9, 11, 12.

This species is an abundant one in the material we have examined ; although it is

somewhat variable, its distinctive characters are always retained.

Above the denticulate protuberance on each side of the polar lobe there is always a

stout spine, which, however, varies much in length ; the lower of the two divisions of the

lateral lobes is always the larger, and usually has a few more teeth. On each side of the

sinus there is always present a large granule ; above the central protuberance there are

two very distinct scrobiculations, and within the margin on each side of the polar lobe

there is always a rounded or emarginate wart.

The figures given by Wolle for E. Nordstedtianum are evidently intended to represent
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this plant, l)ut do so very inaccurately, if we may be allowed to judge by the materia

received from him, in which it was abundant. His fig. 13 (pi. 26) does not represent

this species in any position, and the lateral and vertical vieAVs given by him on pi. 52.

figs. 13-15 are too diagrammatic.

Long. 60-66 ju ; lat. 37-46 m; lat. isthm. 13-5-15 n ; lat. lob. pol. 30-32 ^ii; crass. 27-5-31 )u.

Var. iNTEGRius, nov. var. (PI. XIV. figs. 23-25.) Var. lobo j)olari cum spina singula

ntrobique infra spinam majorem, incisura infra lobnm polarem majore et latiore,

lobis lateralibus non divisis sed subretusis, quadridenticulatis.

Long. 52-61 ju ; lat. 32-5-41 n ; lat. isthm. 9-5-10 fx ; lat. lob. pol. 24-30 fi ; crass. 22-27 /u.

We feel sure that this is but a variety of the above species, as they frequently

occurred together and their surface-markings are precisely identical. E. Glaziovii,

Boerg. (in Yidensk. Meddel. 1890 (1891), p. 36, t. 3. fig. 23), very probably comes under

tills variety.

55. EuASTRUM ocuLATUM, Boerg. in Vidensk. Meddel. 1890 (1891) p. 36, t. 3. fig. 24.

Yar. TONSUM, nov. var. (Pi. XIY. fig. 26.) Yar. minor et brevior, lateribus sine

denticulis, apicibus truncatis, incisura apicali minus profunda, denticulis paucis intra

apices.

Long, (sine spin.) 38*5 ^ ; lat. 24 ^ ; lat. isthm. 5-5 jn ; crass. 17 /".

56. E. ELEGANS, Kuetz. Phycolog. Germ. p. 135 ; Balfs, Brit. Desm. p. 89, t. 14.

fig. 7 a-c.

Yar. spiNOsrM, Ealfs, ]. c. fig. 7,/; ?, k. (PI. XIY. fig. 27.)

Long. 36-38-5 /j. ; lat. 22-23 /a ; lat. isthm. 6-6-5 /j. ; crass. 13-5 m-

A figure of a fiue and constant form of this varietv is i^iven.

Yar. ORisATUM, West, in Journ. Boy. Micr. Soc. (1892) p. 723, pi. 9. fig. 9.

Long. 45 jii ; lat. 28 /j. ; lat. isthm. 10 [ju ; crass. 17*5 ;u.

Yar. BiDENTATUM, Nacg. (? K elegans var. speciosum, Boldt, in Bihang Sv. Yet.-Akad.

Handl. xiii. (1888) Afd. iii. n. 5, p. 9, t. 1. figs. 10, 11.)

Diam. zygosp. sine spin. 40-42*5 ^u, cum spin. 60-65 ^. (PI. XIY. fig. 28.)

Several examples of this variety with zygospores were noticed from Orono, Maine;
they agreed very well with the figure given by Boergesen, in Bot. Tidssk. xvii. (1890)

p. 143, t. 6. fig. 26.

57. E. CiASTO^^ii, Eacib. in Eozpr. Akad. Krak. ser. II. ii. (1892) p. 384, t. 2. fig. 28.

Long. 38-5-44 /.; lat. 21-26 ^; lat. isthm. 4-5-6 ^; lat. apic. 17-19-5 ^; crass. 16-17 /<.

(PL XIY. fig. 31.)

This is not an unfrequcnt American species.

58. E. SOLIBTJM, nov. sp. (PL XIY. fig. 29.) E. parvum, pauUo longius quam latius,

profundissime constrictum, sinu angusto lineari extremo ampliato; semicellula?
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subtrilobae, lobis lateralibus subrectangularibus, lateribus leviter divergenti])us,

angulis superioriljus emarginatis, lobo polari latissimo truncato ad medium retuso,

angulis subacutis ; semicellulae tumore mediano, intra marginem angulorum sujx^ri-

orum et inferiorum loborum lateralium granulo singulo instructe, intra apicom

granulis 4 instructse ; a vertice visae oblongae polis rotiindatis, latere unoquoque
prope polos papilla singula instructae, tumore truncato mediano utrobique; a latere

vis9B ovato-ellipticae, apice subtruncato, tumore truncato infra medium utrobique.

Long. 27 /» ; lat. 23 joo ; lat. apic. 14'5 ^ ; lat. istlun. 45 ^ ; crass. 13-5 /u.

59. EuASTRUM SUBORNATUM, nov. sp. (PI. XIV. fig, 30.) R minimum, paullo latius quam
longius, profunde constrictum, sinu lineari ; semicellula3 subtrilobae, lobis lateralibus

rotundatis et granulatis, lobo apicali breviore late emarginato-truncato, apice

levissime 4-undulato, in centro cum annulo granulorum 5 circJi grauuluni centralem ;

a vertice visae anguste oblongas, in medio valde inflatae (et trigranulatjje) utrobique

polis angulari-capitatis et granulatis, lobo polari quadrato-oblongo ; a latere visa3

sub.trilobye, granulatie, apicibus truncatis.

Long. 16-5-17o u; lat. 19-5-22 /n; lat. apic. 8-10 n; lat. isthm. 6-9 /n; crass. 13-5 n.

60. E. VALiDUM, nov. sp. (PL XIV. figs. 32, 33.) B. parvum, IJ-plo longius quam

latius, profundissime constrictum, sinu angusto-lineari extremo leviter ampliato;

semicellulaj truncato-pyramidata), lateribus retusis, angulis inferioribus inflatis,

angulis superioribus subrotundatis et leviter incrassatis, apicibus latis truncato-

convexis retusis et leviter incrassatis in medio, intra angulos inferiores cum papillA,

parva, supra et juxta isthmum cum granido magno, in centro scrobiculo minuto

;

a vertice visae ellipticse cum papilla parva ad polos utrobique ; a latere visa? ovatae,

cum granulo juxta isthmum utrobique ; mcmbrana glabra.

Long. 28-30 /j. ; lat. 22 in ; lat. apic. 14'5 /n ; lat. istlim. 4"5 /u ; crass. 11 ju.

The nearest species to this is Cosmarlum subblnale, Lagerh. in Nuova Notixrisia

(2 Genu. 1893), p. 163 (C. Hmnmeri, Eeinsch, v. mbbinaley Nordst. Preshw. Alg. of New

Zeal. & Austr. p. 56, t. 6. fig. 7).

Some considerable time after the above was written Cosmarium miedzyrzecense,

B. Eicbl. & Gutw. (Nonn. Alg. Nov. (1894) p. 4, t. 4. fig. 9), has been described and

figured. It comes very near the above species in front view, but it is much smaller,

relatively longer, has a diiferent apex, and is without the small granules present within

the basal angles of E. validum ; the vertical view is also quite different.

61. E. TRIGIBBERUM, Wcst & G. S. West, in Trans. Linn. See. ser. II., Bot. v. (1895)

p. 53, pi. 6. fig. 22.

Long. 26-5-29 ^. ; lat. 22-23 /u ; lat. lob. pol. 14-5-15'5
a« ; lat. isthm. 7 /* ;

crass. 13-5 fx.

(PL XIV. fig. 34.)

The specimens observed were a little larger than those seen from Madagascar, but

were otherwise almost identical with them.

Genus Cosmarium, Corda; Halt's.

62. C. Hammeri, Beinsch, Algenfl. Prankeu, p. Ill, t. 10. tig. 1. (C. homalodermum,

Nordst. in Ofvers. 8v. Vet.-Akad. Porh. (1875) n. 6, p. 18, t. 6. fig. 4.)

SECOND SERIES.—BOTANYT, VOL. V. ^ ^^
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Var. PROTUBEKANS, 11. vai\ (PL XIY. fig. 35.) [C Rammeri var. " with inflated sides,"

Wolle, Desm. U.S. pi. xviii. figs. 36-38.] Var. semicellulis a yertice visis tumore

mcdiano utrobique. Zygospora globosa aculeis simplicibus (multo latioribus ad

basin) instructa.

Long. 35 t-i ; lat. 21-5 /u ; lat. isthm. 75 ^u ; crass. 12-5 ^ ; diam. zygosp. sine spin. 30 /u,

cum spin. 46 ^.

Wolle figures a zygospore of this variety with mm\Qvo\\s furcate spines {I. c. fig. 38).

03. CosMAEiUM GEANATUM, Breb. in Ralfs, Brit. Desm. p. 96, t, 32. fig. 6.

Var. OCELLATUM, nov. var. (PL XV. fig. 19.) Var. semicellulis scrobiculo singulo in

centro, a latere visis scrobiculo singulo utrobique supra medium; membrana forte

punctata.

Long. 44 iu ; lat. 28 ^ ; lat. isthm. 6 n ; crass. 17 n.

Compare with (?. pse?i(^o^raw«iMm, Nordst. in Vidensk. Meddel. 1869 (1870) p. 211, t. 3.

fig. 27.

01. C. IN^EQUALIPELLICUM, West & G. S. Wcst, ill Trans. Linn. Soc. ser. II., Bot. v. (1895)

p. 54, pi. 6. figs. 28, 29.

Long. 24-25'5 ^; lat. 17-19 ^ ; lat. isthm. 5 /u ; crass. 10"5 n.

65. C. Baileyi, Wolle Desm. U.S. p. 64, pi. xvi. figs. 17, 18. (C. depressum, Bail, non

Naeg.)

Var. MAJOR, nov. var. (PL XIV. fig. 36.) Var. duplo-major, profundius constrictum,

semicellulis subangalaribus, lateribus rectioribus ; a vertice visis elliptico-rhom-

boideis polis subrotundatis ; pyrenoidibus binis.

Long. 69-73 ^; lat. 76-79 ^ ; lat. isthm. 17"5 /u ; crass. 32-5 fx.

We consider that this agrees sufficiently well with the above species, although it is so

much larger, is somewhat angular, and has a narrower isthmus. The plant has two

distinct pyrenoids in each semicell, though Wolle in his remarks under C. ohsoletunii

Eeinsch, leaves you to infer that C. Baileyi has but one. This variety can be compared

with C. circulare Eeinsch (Algenfl. Franken, p. 108, t. 10. fig. 2). It may also be

the C. obsoletum, Wolle (Desm. U.S. p. 64, p. 49. fig. 12), which certainly does not

agree wdth C. ohsoletum, Reinscli.

m. C. PSEiTDOPYiiAMiDATUM, Luud. Dcsm. Succ. p. 41, t. 2. fig. 18.

Long, zygosp. i2-5-44 ,u ; lat. zygosp. 32-34-5 ^u. (PL XV. fig. 2.)

Several zygospores of this w^ere noted and they were all elliptical, the surface being

covered witli !,n'[]^e rounded warts; Wolle's figure is that of a circular one.

67. C. DOLIFOEME, nov. sp. (PL XV. fig. 16.) C. parvum, subduplo longius quam latins,

modice constrictum, sinu angusto-lineari extremo subampliato ; semicellulie truncato-

pyramidatae lateribus levissime convexis et basin versus levissime retusis, prope

apices leviter constrictis, apicibus retusis ; a vertice visa? late ellipticai ; a latere visye

ovato-ellipticae
; membrana sparse et delicatissime punctulata.

Long. 33 M ; lat. 18 u ; lat. isthm. 9 ^i ; crass. 10 ^u.
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This at first sight seems near to forms of C. pseudopyramidatmi, Lund., l)ut is miicli

smaller, more angular, less deeply constricted, and lias a different membrane.

68. CosMARiUM suBDEPKESsrM, nov. sp. (PI. XV. fig. 15.) C. parvum IJ-plo latius

quam longius, profundissime constrictum, sinu angusto-liueari extremo ampliato;

semicelluhc multo depressge latissime reniformes; a vertice visa? oblonga^, laleril)us

rcetis et polls rotundatis; a latere visa^ circulares ; meml)rana minulissinia

punctato-granulata, pjrenoidibus binis.

Long. 15-16 IX ; lat. 21-22 fx\ lat. isthm. 3-7 /* ; crass. 7'5 /i.

This differs from C. depressum, Lund. (Desm. Suec. p. 38; Emstrum depressim,

Naeg. Gatt. einzell. Alg. p. 114, t. 7 c. fig. 2), in being much smaller and more

depressed, in having a narrower and deeper sinus, in its narrowly oblong vertical view,

in its binate pyrenoids, as well as in its very minutely granular meml)rane, wbich gives

the outline a very faintly rough appearance.

69. C. SiNOSTEGOS, Schaarschm. in Magyar Tudom. Akad. Kozlcm. xviii. (1882) p. 266,

fig. 12.

Var. OBTUsius, Gutw. in Nuova Notarisia (5 x4.pr. 1892) p. 21 ; et in Sj)rawozd. Akad.

Krak. xviii. ii. (1893) p. 129, t. 2. fig. 13.

Long. 9"6 /tt ; lat. 105 ^ ; lat. isthm. 3'6 n ; crass. 5-5 /u.

70. C. Clepsydra, Nordst. in Vidensk. Meddel. 1869 (1870) p. 212, t. 2. fig. 29.

Long. 20-22-5 ^ ; lat. 20-22 5 ^u ; lat. isthm. 5 /a ; crass. 17*5-70 ^.

A form of this was observed with the sinus a little more open and with a Larger central

inflation ; the angles were also thickened and the membrane minutely punctulate. This

species and C. titJiophorum, Nordst. (Alg. et Char. i. p. 6, t. 16. fig. 6), seem to be closely

allied, and the American form might easily be placed as a variety of the latter species.

C. tithopJiorum forma intermedia, B. Eichl. & Gutw. (Nonn. Alg. Nov. 1894, p. 10, t. 5.

fig. 31), seems to be nearer C. Clepsydni, but with the angles rounded off. C. bicardia,

Heinsch, as figured by Borge, in Bihang Sv. Vet.-Akad. Handl, xix. (1894) Afd. ill.

n. 5, p. 31, t. 3. fig. 33, may possibly be a form of C, tithophorum, Nordst.

71. C. ExmurM, Arch, in Micr. Journ. (1864) p. 178, t. 6. figs. 32, 33; Cooke, Brit.

Desm. p. 92, t. 43. fig. 4.

Var. PRESSUM, West, New Brit. Freshw. Alg., in Journ. Roy. Micr Soc. (1891) p. 6,

pi. 1. tig. 1.

Long. 16 p. ; lat. 67 /^ ; lat. isthm. 3-8 ^ ; crass. 4-8 ^x.

T2. C. MINIMUM, West & G. S. West, in Trans. Linn. Soc. ser. II., Bot. v. (1895) p. 58,

pL 8. fig. 10.

Var. SUBROTUNDATUM, Wcst (/. c. fig. 11).

Long. 7-77 ju; lat. 6-7 a*; hat. isthm. 35 jtt; crass. 4 n.

73. C. SUEIMPRESSULUM, Borge, in Bihang Sv. Vet.-Akad. Handl. xix. (1891) Afd. in

n. 5, p. 27, t. 2. fig. 27.

Long. 36-a8 fx\ lat. 25-5-27 ^; lat. isthm. 6-5-7-5 ^c; crass. 155 ^i. (PI. XV. tig. 18.)

2m 2
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Many examples of this species were seen, and they were quite constant and perfectly

symmetrical (1).

C. impressum, Elfv., is a fairly common species in the United States of America.

74. CosMARiUM Uegnellii, Wille, in Bihang Sv. Vet.-Akad. Handl. viii. (1884) n. 18,

p. IG, t. 1. %. 34. (PL XV. fig. 20.)

Long. 14-5-l7"5 ^ ; lat. 15-5-19 n ; lat. isthm. 5-5*5 fi.

This species was rather alumdant, and was fairly typical, though the subapical notches

were not so deep as figured by Wille.

75. C. suBLATEREUNDATUM, Wcst & G. S. AYcst, in Trans. Linn. Soc. ser. IL, Bot. v. (1895)

p. 60, pi. 6. fig. 1.

Long. 42-46 fx ; lat. 38-5-41 ^ ; lat. isthm. 12-13*5 n.

The specimens were a little larger than the original ones, and had one more undulation

on each side of the semicells.

76. C. CYATHIFORME, uov. sp. (PI. XV. fig. 9.) C submediocrc, tam longum quam

latum, profunde constrictum, sinu angusto-lineari extremo ampliato ; semicellulse

subtrapeziformes, angulis inferioribus superioribusque leviter rotundatis, lateribus

divergentibus et subrectis, apicibus valde convexis, granulis circ. 11 intra apicem

(juxta marginem) et angulos superiores, infra eos serie granulorum majorum 5, et

granulis multo minoribus circ. 5 subter iis ; a verticc visse ellipticse polls truncatis,

granulis magnis 5 utrobique et granulis 9 intra marginem unumquemque instructs^;

a latere visie cyatbiformes apicibus truncatis, granulis tribus ad margines superiores

et granulis (circ. 6) intra marginem superiorem utrobique
;
pyrenoidibus binis.

Long. 35 /ii ; lat. 34 ^ ; lat. isthm. 7"5 ^u ; crass. 21 n.

This approaches both C. hexagonum, Nordst. in Vidensk. Meddel. 1869 (1870) p. 208,

t. 3. fig. 18), and C. insigne, Schmidle, in Ber. naturf. Ges. Preib. i. Br. vii. (1893)

p. 100, et in Plora, Ixxviii. (1894) p. 56, but differs from them in the form of its cells

and the arrangement of its granules.

77. C. Eloiseanum, WoUe, Desm. U.S. p. 85, pi. 19. figs. 1, 2. (PI. XV. fig. 22.)

Wolle has given a figure of this species which is quite inaccurate, and as his description

is also incorrect we give both figure and amended description. In his Preshw. Alg-

U.S. p. 33, he says that the figure he had drawn w^as an old form and had too many

teeth ; he should have said three times too many.

C. submagnum, l^-l-|-plo longius quam latins, profunde constrictum, sinu angusto,

extrorsum ampliato ; semicellulae late elliptical, margine serie dentium magnorum

acuminatorum 25-28 [23-25 (Wolle, Alg. U.S.)], in centro inxirassat^ et scrobiculis

magnis ornatoe
; a verticc visse ellipticaR polis subtruncatis, ad medium utrobique

tumore scrobiculato, seriebus duabus subrectis dentium de polo ad polum ornatae;

membrana luteola punctata.

Long, sme dent. 98 fx ; cum dent. Ill fx ; lat. sine dent. 62 /n, cum dent. 76 fi ;
l^t-

isthm. 25 ^ ; crass. 46 ^.

The teeth are rather suddenly attenuated, and the two series in vertical view are not
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convex towards each other, but slightly concave. The central tumor is not so elevated,

and is not granulate but scrobiculate.

Var. DEPEESSTJM, nov. var. (PL XV. fig. 23.) Var. semiccllulis depressis, sinu minus
aperto extremo valde ampliato, apicil)us subtruncatis, dcntibus ad apicom paulo
infra marginem posit is, angulis inferioribus dentibus 0-6 intra marf^inem irre-

gulariter dispositis.

Long, sine dent. 77-86 ^i; lat. sine dent. 5 i-05 /t; cum dent. 63-73 n ; lat. isthm. 17-25 /t.

We have met with this variety much more often than with the type.

78. CosMARiTJM DENTATUM, WoUe, Dcsm. U.S. p. 70, pi. 13. fig. 15. (PI. \\.
figs. 10, 11.)

We presume that Wolle has observed the same plant that we have seen ; yet, as neither

his description nor his figure represents the species correctly, we give both.

C. magnum, 1^-plo—subduplo longius quam latins, profunde constrictum, sinu aperto

apice acuto ; semicellulse late ellipticjc vel subrotundfc, apicibus leviter subtruncatis

[vel late rotundatis (Wolle)], lateribus dentibus subobtusis 10-12, aliis paucis intra

marginem, in centro incrassattie ; a vertice visa? ellipticae, ad medium utrobique

valde incrassatsB, ad polos dentibus 3-4 et dentibus irregulariter ordinatis in zonA, de

polo ad polum, in centro defectis; a latere visas circulares vel late ellipticas;

membrana crassa luteola, minute scrobiculata, scroliiculis majorilnis in parte ccntrali

incrassata, inter scrobiculos minutissime et dense punctulata.

Long. 135-169 ^i ; lat. sine dent. 88-96 ^ ; lat. isthm. 31-33
a* ; crass. 66-69 ^.

The membrane is finely scrobiculate and not " closely set with small pearly granules."

Wolle states in his description that there are from 10 to 12 teeth on each lateral margin

of the semicells ; his figure shows 17 to 18, and these are figured proportionally too small.

79. C OVALE, Ealfs, Brit. Besm. p. 98, t. 15. fig. 9.

Var. SUBGLABRUM, uov. var. (PL XV. fig 3.) Var. granulis perpaucis, duobus (fere)

ad angulum basalem unumquemque, 3-4 apices versus utrobique et 2-3 intra

marginem prope apicem, apicibus anguste truncatis ; membrana magis scrobiculata

ut in forma typica.

Long. 154 ju ; lat. 88 ^ ; lat. isthm. 30 /t.

A common American form of this species has a slightly subtruucate and retuse apex,

with the retuse portion without granules ; in this respect it approaches var. excisum,

Racib. in Pamiet. Akad. Krak. xvii. (1890) p. 91, t. 6. fig. 2.

80. C. BALTEUM, nov. sp. (PI. XV. fig. 1.) C. submagnum, lf,-plo longius quam

latins, profunde constrictum, sinu angusto-lineari extremo subampliato ; semicellulae

truncato-pyramidatiie, lateribus convexis, angulis inferioribus superioribusque rotun-

datis, apicibus levissime convexis, margine granulato-undulatae ad apicem granulis

reductis, granulis magnis in seriebus concentrice 3 intra marginem (seric interiore

majore), sinus versus granulis minorihus et subirregularibus ; ad medium supra

isthmum granulis parvis paucis in seriebus horizontalibus 4 dispositis ;
a vertice

visae ellipticse, polis granulato-undnlatis, de polo ad polum cum zona lata granulorum
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in lineis 11 ordinatorum, in centro granulis reductis, ad medinm utrobique granulis

paucis ornate (in margine circ. 5) ; a latere visge ovatse, apicibus subtmncatis, cum

zona lata verticali granulornm in lineis 11 (in seriebus borizontalibus 15) ordi-

natorum, ad basin utrobique granulate marginibus superioribus glabris ; membrana

punctata
;
pyrenoidibus binis.

Long. 88-5-103
i^i. ; lat. 61-5-69

a* ; lat. apic. circ. 22-27 /* ; lat. istbm. 19-20 fi ;

crass. 44 /u.

Compare witb C. JSichleri, Eacib. (in E.ozi)r. Akad. Krak. ser. II. ii. (1892) p. 384, t. 1.

fig. 7), and C. siipraspeciosum, WoUe (Desni. U.S. p. 88, pi. 50. figs. 5, 0).

81. CosMARiUM Favum, uov. sp. (PI. XV. tigs. 5, 6.) 6'. mediocre, H-plo longius quam

latins, profunde constrictum, sinu angusto-lineari extremo valde ampliato; semi-

celluljje transverse oblongo-ellipticoe, granulis in seriebus obliquis et subverticalibus

ornatae, cum sulculo rotundo-liexagono circa granulum unumquemque (cum punctulo

ad angulum unumquemque), in centro cellulae circa istbnium membrana glabra ;
a

vertice visge oblongo-ellipticae.

Long. 69 jU ; lat. 55-5-57-5 /u; lat. istlmi. 19 ^ ; crass. 35 /u.

This species is nearest to C. margaritatum, Roy et Biss. in Journ. Bot. xxiv. (1886)

p. 194 : et in Ann. Scot. Nat. Hist. (1894) p. 167, pL 2. fig. 12, but differs in its more

rounded semicclls and different ornamentation.

82. C. suBPULCHELLUJi, nov. sp. (PL XV. fig. 12.) C submediocre, paulo longius

quam latins, modice constrictum, sinu angusto-lineari extremo ampliato ; semicellulse

transverse oblongse lateribus rotundatis, apicibus late truncatis et levissime concavis,

dense et minute granulatse, granulis ivregulariter ordinatis, in centro glabrae ;
a

vertice visse anguste oblougae, polis rotundatis; a latere visse ellipticae.

Long. 47 A*; lat. 44 ^u ; lat. isthm. 15 ^i; crass. 16 fx.

Tbis differs from 0. pulchellwyi, "W. B. Turn. (Fresliw. x\lg. of E. India, p. GQ, t. 9.

fig. 46), in the depressed subconcave apices, in the irregular arrangement of the more

numerous granules, ^\bicli are absent at the centre of the semicells, and in the much

narrower vertical and lateral views.

83. C. BiAURiTUM, Nordst. in Vidensk. Meddel. 1869 (1870) p. 212, t. 3. tig. 30. Forma
granulis in medio semicellularum paulo reductis.

Long. 20 |u ; lat. 15-5 ^t ; lat. isthm. 4-5 fx ; crass. 10 fx.

84. C. ABRUPTUM, Lund. Desm. Suec. p. 43, t. 2. fig. 22.

Var. GRANiJLATUM, Wcst & G. S. West, in Trans. Linn. Soc. ser. XL, Bot. v. (1895) ]). 65,

pi. 7. fig. 32. Forma paulo major et cellulis subquadratis.

Long. 17-19 m; hit. 135-16^; lat. isthm. 4-5-5-5 ft; crass, llo m.

Sab. Orono, Maine.

S5. C. cosMETUM, nov. sp. (Pi. XV. fig. 4.) C. mediocre, paulo longius quam latius,

profunde constrictum sinu angusto-lineari extremo ampliato; semiceUulue oblongo-

trapeziformes, angulis inferioribus superioribusque rotundatis, lateribus convexis
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^ranulis 8 utrobique instructis, apicibus subrectis et glabris, intra angulos basales
graiiulis parvis 2-8, infra apices et intra anijulos suporiores medinm tonus cum
granulis magnis in seriebus vertiealibus et obliquis (circiter i obliquis), cum dopros-

sionibus triangularibus 6 circa granulum unumquemque; a vertice visjje elliptico-

oblongse, polis subtruncatis granulis parvis paucis instructis, lateribus granulis

magnis (circ. 10) instructis, intra polos et latera granulis ordinatis, in ccntro glabrae ;

a latere visse subcirculares, apicibus pa^ne glabris, lateribus granulis magnis 5 ornatis.

Long. 51-57 n ; lat. 44-18-5 m; lat. isthm. 120-15^1 ; lat. apic. 22^; crass. 33 ft.

This has a very similar outline to C. confimim, Cooke, *amhiguum, West, in Journ.

Linn. Soc. (Bot.) xxix. (1892) p. 156, pi. 21. tig. 13, but ditFers altogether in its

ornamentation, which also distinguishes it from C. trachypleurum, Lund., and its

varieties, as well as from C. subtholiforme, Racib., var. 3Ialinvernianum, Racib. in

Pamiet. Akad. Krak. xvii. (1890) p. 91, t. 1. fig. 40.

86. CosMARiUM AMCENUM, Breb. in Ralfs, Brit. Desm. p. 102, t. xvii. fig. 3.

Var. COMPACTUM, nov. var. (PI. XV. fig. 13.) Vin\ cellulis niulto brevioribus et

latioribus, granulis in seriebus 8 vertiealibus ordinatis.

Long. 40 /u; lat. 27 /t; lat. isthm. 13'5 n ; crass. 17 a*-

'87. C. ORDINATUM, nobis. (PI. XV. fig. 14.) [C. hrasilieme, Nordst., *ordiimtum,

BoBrg. in Vidensk. Meddel. 1890 (1891) p. 40, t. 4. fig. 32.

Long. 22 (Jt^ ; lat. 19"5 [jb ; lat. isthm. 6-5 (Ij.

88. C. BoECKii, Wille, Norges Ferskv. Alg. p. 28. t. 1. fig. 10.

Porma. (PI. XV. fig. 7.)

Long. 32-5-33 (Jt,; lat. 29 5-325 ^; lat. isthm. 8-8'5 ^ ; crass. 18 /a.

This is a common American form of this species, and differs somewhat from Wihe's in

the arrangement of its central granules. Wolle's figure has too many granules aloni§

the mars^ins and is otherwise inaccurate.

89. C. TAXiCHONDKUM, Lund. Desm. Suec. p. 39, t. 2. fig. 13.

Var. ANGTJLATUM, nov. var. (PL XV. fig. 8.) Var. cellulis late hexagonis, semicelluMs

lateribus subrectis sed leviter undulatis, granulis tribus intra apices truncatos et

granule singulo juxta isthmum ; a vertice visis polis emarginatis ; membrana minute

scrobiculato-punctata.

Long. 25 (Jtj ; lat. 31 fjt,
; lat. isthm. 6*5 (ju ; crass. 13'5 [/j.

The following is a list of the many varieties of this and other aUied species :—

Cosmarium taxichondrum, Lund., var. subundulatum, Boldt.

j^ ^, ,, „ f. subdenticulatum, West.

„ „ ,, var. emarginatmn, West.

„ „ „ var. compressum, W^est.

„ „ „ var. dentatuni, West.

„ „ ,, var. bidentulum, Lagerh.

,, „ „ var. lithuanicum, Racib.

,, „ „ var. nudum, W. B. Turn.
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Cosmarmm taxichondriforme, B. Eichl. & Gutw.

„ Haynaldii, Schaarsclim.

„ decachondrwn, Eoy et Biss.

„ pseudotaxichondrum, Nordst.

^trichondrum, Laserh.

^j „ var. quadridentulum, Lagerh.

„ notochondrum, "West.

,,
pileigerum, Lagerh.

90. CosMARiUM CONTRACTUM, Kirclm. Algenfi. Schles. p. 147.

Var. MAXIMUM, nov. var. Var. diiplo-major quam forma typica.

Long. 8ii-88-3 p ; lat. 61-62 ^ ; lat. istbm. 17-20 (f^ ; crass. 52 /a.

A number of examples of this variety were observed ; no intermediate forms between

it and the type were noticed.

Var. PAPILLATUM, nov. var. (PI. XV. fig. 21.) Var. multo majus, sinu apertiore ad

apicem, semicellulis papilla elongata singula ad medium lateris uniuscuj usque.

Long. 73 (X ; lat. sine papill. 51 /u ; long, papill. 2-3 /t ; lat. isthm. 20 /w ; crass. 44 n.

91. C. GLOBOSUM, Bulnh. in Hedwigia, ii. (1863) p. 52, t. 9. fig. 8.

Var. WoLLEi, nov. var. (PI. XV. fig. 17.) (C. glohosum, Wolle, Desm. U.S. p. 60,

pi. 49. figs. 15-17.) Var. minus profunde constrictum, sinu apertiore; semi-

celluli saltioribus, parte basin versus latissima ; membrana scrobiculato-punctata.

Zygospora depresso-globosa et glabra.

Long. 38*5 n ; lat. 24 (x ; lat. isthm. 21 u ; long, zygosp. 34 ^ ; lat. zygosp. 28 i^i.

92. C. PALANGULA, Breb. in Ealfs, Brit. Desm. p. 212; Babenh. PL Europ. Alg. iii. p. 174.

Long. 32-5 n ; lat. 13-5 ^t ; lat. isthm. 11'5
f.i.

Genus Xanthidium, Elirenb.

93. X. antilop(eum, Kuetz. Spec. Alg. p. 177. (Cosmarium cmtilopoeum Breb. in

Linnaia, xiv. (1840) p. 218; X. fasciculatum, Ealfs, Brit. Desm. (ex parte) t. 20.

fig. 1 «, c.)

Many forms of this were met with : var. polymazum, Nordst., w^as abundant ; var.

minneapoUense, Wolle (Desm. U.S. p. 94, pi. 52. fig. 16), was noticed with the median
subapical spine arising from both above and below the granules (fig. xylogr. 2). Another
form of the last variety had either one or two pairs of subapical spines and no granules.

A peculiar form without any central granules, and which had two pairs of spines on

each side of the semicells arising very near each other, the upper pair being vertical, the

lower almost horizontal. Long. s. spin. 61 ^, c. spin. 86 /x ; lat. s. spin. 57 ^, c. spin. 92 ^

;

lat. isthm. 146 ^.

A few peculiar examples of a Xanthidium were observed, which we think must be

placed under X. antilopoeum, though some of them appeared to be near X cristatim

without the basal spines. The spines were somewhat irregular and single ones often

replaced the pairs. Long. s. spin. 36-5 /., c. spin. 55 ^ ; lat. s. spin. 31 /x, c. spin. 52 /.;

lat. isthm. 7*6 ^ ; crass. 20 ^, (PI. XVI. fig. 1.)
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Var. CAXADENSE, Josh, in Journ. Bot. xxiv. (1885) p. 34, t. 254. fig. 6. (PL XVI.
%. 2.)

Long. s. spin. 85 /i, c. spin. 110 ^i; lat. s. spin. 61-625 ^t, c. spin. 81M)7 a* ; l:it. istlun.

18-5 (u ; crass, s. spin. 50 fx, c. spin. 75-80 n.

Tiie form seen by us was very symmetrical, with straight spines ; the vertical view was
subhexagonal.

Var. JoHNSONii, nov. var. (X aMUopceitm, var., N. L. Johnson, in Bull. Torr. Bot.

Club, xxvii. (1891) p. 289, pi. 211. %. 1.)

This form lias been noticed by us frequently.

l^ig. 2. Fijj. a.

Eig. 2.

—

XantJiidiunt antihpceum, var. minneajyoliense, WoUe.—Central spine and granules, 520/1.

Eig. 3.

—

Xanihidium cristatum, var. uncinatum, Breb.—Central granules. 520/1,

94 XANTHiDirM CEiSTATUM, Breb. in Ealfs, Brit. Desm. p. 115, t. 19. %. 3 a-c.

An illustration is given of the variability of the central granules of var. uncinatum,

Breb. (fig. xylogr. 3).

One rather abundant American form of this species is that described and figured by

W. B. Turner (Freshw. Alg. of E. India, p. 99, 1. 12. fig. 28) as "X bisenarlum, Ehrenb.

(=X ctnslatum, var. imcinatum) var. rotundalum^ Turn.*'

95. X. FASCicuLATUM, Elircub. ; Balfs, Brit. Desm. ex parte t. 19. fig. L

Var. OEONENSE, nov. var. (PI. XV. fig. 25.) Var. semicellulis semicircularibus, spinis

brevioribus, ad angulos inferiores spinis interdum tribus et intra angulos inferiores

papilla instructis.

Long. s. spin. 57"5 yti, c. spin. 71 ^ ; lat. s. spin. 48 /u, c. spin. 61 /a ; lat. isthm. 1 1"5 ^ ;

crass. 25 ^u,.

Sab. Orono, Maine.

96. X. TETRACENTKOTUM, Wolle, Desm. U.S. p. 95, pi. 22. figs. 8, 9. (Pi. XV. fig. 2i.)

A specimen of this was seen that had but a single spine at one of the basal angles ; it

exactly agreed in the form of its front and vertical views with Arthrodesmus incrassatus^

Lagerh. in Ofvers. Sv. Vet.-Akad. Eorh. (1885) n. 7, p. 242, t. 1. fig. 18); his Arthro-

desmus, however, has but one spine at each of the basal angles ; yet we consider it is

but a form of this Xanthidimi, as the thickened scrol)iculate portion in the centre of

the semicells was the same in our plant as in his.

Long. 41 /x ; lat. s. spin. 36'5 /z, c. spin. 54-57 /x ; lat. isthm. 12 ^ ; crass. 23 /a.

Another example had one semicell bearing but a single spine on each side ; the other

SECOND SERIES.—BOTANY, VOL. V. 2 N
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semicell was deformed and also had one incipient spine at one side ; this certainly belonged

to the same species as the one bearing two spines on each side.

Long. 35 ^ ; lat. s. spin. 32 ^, c. spin. 47 /x ; lat. isthm. 10 /^.

Xanthidium qiiadricormitum, Eoy et Biss. (in Ann. Scot. Nat. Hist. (1893) p. 245, pi. 4.

fig. 5), seems to us very near this species.

Genus Akthrodesmtjs, Ehrenb.

97. A. CONVEEGENS, Ehrenb. Infus. p. 152, 1. 10. fig. 18 ; Ralfs, Brit. Desm. p. 118, t. 20.

fig. 3.

One zygospore (diam. 39 ^) of this species was seen from Scarbro', Maine. (PI. XV.

fig. 3.) Tbe spines of the species are always incurved as well as convergent, and not so

straight as Wolle figures them.

Var. INCEASSATTJS, Gutw. in Sprawozd. Akad. Krak. xxvii. ii. (1892) p. 64, t. 3. fig. 5.

(PL XVI. fig. 4.)

Long. 33 ^ ; lat. s. spin. 31"5 ^, c. spin. 51 ^ ; lat. isthm. 7'5 ^ ; crass. 17 /x.

The form seen has the incrassations much more marked. They consist of two trans-

verse bars within each semicell near the apex, and are best seen in lateral view as two

thickenings.

Var. OBESUM, nov. var. (PL XVI. fig. 5.) Var. semicellalis a fronte et a vertice visis

late ellipticis, spinis longioribus.

Long. 44-5 /A ; lat. s. spin. 32'5 //,, c. spin. 63 ^ ; lat. isthm. 9'5 ^ ; crass. 24 ^.

98. A. suBULATus, Kuetz. Spec. Algar. p. 176.

Long. 46 /x ; lat. s. spin. 38*5 ^, c. spin. 98 />c, ; lat. isthm. 10 /x.

One form of this is worth mentioning as being similar to that figured by WoUe (Desm.

U.S. pi. xxiv. fig. 11), with a higher back, and longer, straighter spines, than the typical

form.

99. A. CURVATTJS, W. B. Turn. Freshw. Alg. of E. India, p. 135, t. 11. fig. 33, t. 12.

figs. % 8.

Long. 50 /x; lat. s. spin. 51^, c. spin. 100^; lat. isthm. 13-5//.

Genus Staurastrum, Meyen ; Ralfs.

100. S. APicuLATUM, Ereb. Liste Desm. p. 142, t. 1. fig. 23 ; Cooke, Brit Desm. p. 139.

Zygosporae globosse, aculeis longis tenuibus rectis numerosis obsesste.

Diam. zygosp. s. spin. 23 ^, c. spin. 35 ^. (PL XVI. fig. 6.)

The zygospores we observed of this species had numerous rather fine and very sharp

spines, in all respects very similar to those described for the zygospores of *S'. dejectimh

Br^b., and not to those described for S. apiculatum. There is much in this species

common with S. dejectum., and as their zygospores so much resemble one another, the

two are hardly separable as distinct species, and Lundell (Desm. Suec. i)p.
59-60) was

probably correct in placing *S'. apiculatum as a variety of S, dejectum.
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101. Staueastrttm connatum, Roy et Biss. in Journ. Bot. xxiv. (1886) p. 237.

{S. dejectum, Breb., var. connatum, Lund. Desni. Suec. p. 60, t. 3. lig. 28.)

Var. AMERICANTJM, nov. var. (PL XVI. fig. 7.) Yar. semicellulis paulo loni^ioribus et

angustioribiis, spinis erectioribus longioribus, curvatis et validioribus.

Long, sine spin. 24^, cum spin, 48 ^ot; lat. (s. spin.) 19-5^; lat. istlim. 6/x.

S. hexacmithum, F. Gay (in Eev. Sc. Nat. ser. IIL iii. (1883) p. 303, t. 6. fig. 9), and
f. intermedia, B. Eiclil. & Gutw. (Nonn. Alg. Nov. 1894, p. 15, t. 5. fig. 54), seem to us

to be but forms of ^S*. connatum witli thicker spines.

102. S. DiCKiEi, Balfs, Brit. Desm. p. 123, t. 14. fig. 23.

Var. ciRCULARE, W. B. Turn. Treshw. Alg. of E. India, p. 105, t. 16. fig. 5. Forma
majoi\ W. B. Turn. {I.e.).

Long 42-44 m; lat. 41-43^; lat. istlim. 9-5-10-5 /i.

Var. MAXIMUM, West & G. S. West, in Trans. Linn. Soc. ser. II., Bot. v. (1895) j) 72,

pi. 8. fig. 19. (PI. XVIII. fig. 13.)

Long. 67-69^; lat. sine spin. 69-73^, cum spin. 82-86^; lat. isthra. 13-14*5^.

The American specimens of this variety were one and a half times as large as those

from Madagascar

!

103. S. GLABHUM, Balis, Brit. Desm. p. 217 ; Boy, in Journ. Bot. xxviii. (1890) p. 337.

(Desmidium glabi'um, Ehrenb. ; Fhyeastrum glabrum, Kuetz. Phycolog. Germ. p. 137.)

Var. (PI. XVI. fig. 8.)

Long. 21 ^a; lat. s. spin. 25^, c. spin. 56^; long. spin. 17"5^; lat. isthm. 8/x.

The spines were longer than in British specimens ; they were strongly infiexed and

straiglit in front view, but somewhat curved in vertical view. S. dejectum, Wolle (Desm.

U.S. pi. xl. fig. 7), is most probably a form of this species.

104. S. coRNicuLATUM, Lund, Desm. Suec. p. 57, t. iii. fig. 23.

Var. VAUIABILE, Nordst. Ereshw. Alg. of New Zeal. & Austr. p. 39, t. 4. fig. 17.

Long. 29 ju, ; lat. 28'5 /x ; lat. isthm. 11*5 ^.

The form seen had the angles distinctly but very slightly mucronate.

105. S. SIBIRICUM, Borge, in Bilumg Sv. Vet.-Akad. Handl. xvii. (1891) Afd. iii. no. 2,

p. 9, t. 1. fig. 4.

Var. occiDENTALE, nov. var. (PL XVI. fig. 9.) Var. semicellulis apicibus levissime

concavis, profundius constrictis ; a vertice visis triangularibus, lateril)us valde con-

cavis, angulis obtusis (non porrectis).

Long. 12-5-17-5 ^ ; lat. 19-30 /x ; lat. isthm. 5-7 /x.

Sab. Orono, Maine.

This appears to be most nearly related to S. sibi'ricum in its front view, though having

a deeper constriction; it is also closely akin to -S'. minutissimmn, lleinsch (Algenfl.

Franken, p. 153, t. 13. fig. 1 ; Contrib. Alg. et Fung. t. 16. fig. 3), var. constrictum, West

(iu Journ. Linn. Soc. (Bot.) xxix. (1892) p. 173, pi. 24. fig. 11), but differs in its angles

being less rounded and in the more concave sides of the vertical view.

2n2
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106. Staurastrum aristiferum, Ralfs, Brit. Desm. p. 123, t. 21. fig. 2.

Var. PARALLELUM, nov. var. (PL XYI. fig. 10.) Var. semicellulis apicibus convexis

sed retusis in medio, angulis subcapitato-truncatis, spinis parallelis et levissime

incurvatis ; a vertice visis triangularibus, lateribns convexis, angulis productis et

truncatis.

Long. 35 ^ ; lat. s. spin. 31 ^, c. spin. 62-72 ^ ;
lat. isthni. 7'5 /x.

107. ? S. PTEROSPORUM, Lund. Desm. Suec. p. 60, t. 3. fig, 29.

Long. s. sjiin. 19 /a, c. spin. 27-5 /^ ; lat. s. spin. 17'5 /x, c. spin. 22 jx ;
lat. isthm. 7 /x.

Mab. Scarbro', Maine.

A Staurastrum was observed exactly agreeing with tbe above species in vertical view.

The front view had the angles very slightly produced, but sufficiently so to make the

apex appear very slightly concave ; the spines were typical.

108. S. SUBSCOLOPACINUM, nov. sp. (PL XVI. fig. 11.) S. minutum, tam longum quam

latum (sine spinis), profunde constrictum, sinu subsemicirculari, isthmo elongate ;

semicellulae lata? cuneatse, apicibus subrectis, angulis productis subcapitatis, spina

singula brevi incurvata ad angulum unumquemque; a vertice visse triangulares,

lateribus subrectis, angulis productis subcapitatis, spinis curvatis instructse ; mem-

brana glabra.

Long. 17-5-18 u ; lat. s. spin. l7"5-19/>t, c. spin. 25-27 /x ; lat. isthm. 3-5-3-8
/>(,.

This diff'ers from S. scolapacinmn, W. B. Turn. (Ereshw. Alg. of E. India, p. 107, t. 17.

fig. 10), in its much smaller size, in the almost straight sides of both front and vertical

views, in its relatively smaller body, and in its somewhat curved and inflcxed spines.

109. S. UNicoRNE, W. B. Turn. Preshw. Alg. of E. India, p. 107, t. 15. fig. 16.

Var. OBESUM, nov. var. (PI. XVI. fig. 12.) Var. angustior, isthmo longiore ; semi-

cellulis in capitulis angulorum sine collis et subtruncatis, spinis multo minoribus

rectis convergentibus, dorso altiore ; a vertice visis obesis, lateribus convexioribus.

Long. 32 ju.; lat. s. spin. 25"5 ^ ; lat. c. spin. 29 /x ; lat. isthm. 6 ^.

110. S. BACILLARE, Breb. ; Balfs, Brit. Desm. p. 214, t. 35. fig. 21.

Long. 20 ju ; lat. c. proc. 21 ^ ; lat. isthm. 6'5 ^.

A tetraradiate form near var. obesum, Lund. (Desm. Suec. p. 57, t. 3. fig. 24).

Wolle's figure (Alg. U.S. pi. 57. figs. 5, 6) of this species is certainly a much stouter

form than Lundell's var. obesum ; it is very different from the figure of Brebisson in

Balfs (/. c).

111. S. ABRUPTUM, nov. sp. (PL XVI. fig. 13.) S. minutissimum, IJ-plo longius quam
latins, profunde constrictum ; semicellulae subellipticse, apicibus subconcavis, angulis

leviter productis truncatis ; a vertice visae triangulares, lateribus concavis, angulis

truncatis ; membrana glabra.

j
Long. 9-5 ^; lat. 135 jj. ; lat. isthm. 4-5 ^.

Una tantum semicellula a nobis visa est.
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112. Staurastrum inconspicuum, Nordst. Bidrag Sydlig. Norges Desm p 26 t 1

%. 11.

Long. 12-5-16 ^; lat. 11-2-15 ^t; lat. istlim. 6-65 ^i.

We have met with this frequently in N. American s^atherings, and, as WoUe's figure is

somewhat crude, we give a figure of the front view of a rather broad form (long. 15-5 ft

;

lat. 17-8 n ; lat. isthm. 5'5 ^i). (PI. V. fig. 14.)

113. S. Hantzschii, Reinsch, Spec. Alg. Pung. p. 129, t. 22 d. figs. 1, 1, 6.

Var. CONGRUUM, nobis. (PL XVI. fig. 15.) (S. Benardl, Reinseli, var. congnmm,
Racib. in Pamiet. Akad. Krak. xvii. (1890) p. 101, t. 3. fig. 11 ; S, Hanfzschn,

Reinsch, var. depauperatum, Gutw. in Sprawozd. Akad. Krak. xxvii. ii. (1892) p. 71,

t. 3. fig. 23 ; S. intricatum, Delp. (ex part.) Desm. Subalp. t. 11. fig. 15.)

Long. s. proe. 335 fx, c. proc. 40 ^ ; lat. s. proc. 26 ^, c. proc. 36 /u ; lat. isthm. 13'5 /u.

Hah. Scarbro', Maine.

Several examples of this were observed ; they all had six short, thick processes, with

tridenticulate apices in the superior whorl, and nine similar ones in the inferior whorl.

The sides in the vertical view were slightly convex. This plant is evidently the one

seen by both Raciborski and Gutwinski, and is certainly a form of S. Hantzsohii, Reinsch,

and not of S. Henai^di, Reinsch ; as Raciborski's name is the earlier one, Ave liave

adopted it,

114. S. QUADRicoiiNTJTiJM, Roy et Biss. in Journ. Bot. xxiv. (1886) p. 240, t. 268. fig. 4.

Long. c. proc. 27*4-30 n\ lat. c. proc. 25-28 ^i', lat. isthm. 8-8'7 ^l,

This is not an unfrequent species. Roy and Bisset say that " it is in front view

entirely difi'erent from any other known species." S. gemellipariim^ Nordst. (in Vidcnsk.

Meddel. 1869 (1870) p. 230, t. 4. fig. 54), however, is very near it.

One of the specimens seen had the two inferior processes of one angle replaced by a

single larger process. (PI. XVII I. fig. 18.)

115. S. QUADRANGULARE, Breb. in Ralfs, Brit. Desm. p. 128, tab. 22. fig. 7.

Long. 20 |t; lat. s. spin. 25-30 ^, c. spin. 30-34 n ; lat. isthm. 13*5 /*.

A broad form of this with somewhat longer spines is figured for comparison with the

following variety. (PL XVI. figs. 16, 17.)

Var. ARMATUM, nov. var. (PL XVI. fig. 18.) Var. spinis ad angulos superiores longi-

oribus, lis ad angulos inferiores spinis bifurcatis cum cuspidibus inajqualibus

(cuspidibus longioribus prope basin).

Long. 22 ;» ; lat. s. spin. 25 ny c. spin. 32o ^i ; lat. isthm. 10*5 ^.

All the specimens seen were triangular in vertical view. Compare with vV. mntectum,

W. B. Turn., and var. mevolutum, W. B. Turn.

116. S. coNTECTUM, \\ . B. Tum. Ereshw. Alg. of E. India, p. Ill, t. 15. fig. 20.

Var. iNEVOLUTUM, W. B. Turn. /. c. t. 15. tig. 2, & t. 27. fig. 11. (PL XVI. tig. 19.)

Long. 26-27 m ; lat. c. spin. 30-5-32'5 ^i ; lat. isthm. 7-7-5 /i.
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A form of this was noticed which appeared to connect this species with S. quadran-

gulare, Breb., var. armatum, n. var. Perhaps these all belong to one species.

117. Staurastrum quadrispinatum, W. B. Turn, in Naturalist (Eeb. 1886), p. 35, pi. 1.

tig. 4. (PI. XYIII. fig. 17.)

Long. s. spin. 30-31 /t, c. spin. 43-49 ^i ; lat. s. spin. 29-30*5 ju, c. spin. 38-5-46 fx ; lat.

isthm. lO'S /I.

The examples seen of this species were more strictly angular in both front and vertical

view s than Turner's figure. The spines in the vertical view were perpendicular to the

sides and almost in a line with the broadly truncate angles. The specimens had a

punctate membrane. Mr. L. N. Johnson has very recently recorded this species from

Indiana (in Bull. Torr. Bot. Club, xxi. (1894) p. 289).

118. S- TRiPiDUM, Nordst. in Vidensk. Meddel. 1869 (1870) p. 226, t. 4. fig. 51. Forma.

(PI. XVI. figs. 20, 21).

Long. 30-32 n ; lat. s. spin. 32-36'5 fi; lat. cum spin. 44-50 ^ ; lat. isthra. 10-12 ^.

Var. iNFLEXUM, nov. var. (PI. XVI. fig. 22.) Var. semicellulis latioribus, sinu

extremum versus angustiori, apicibus subrectis, spinis longioribus valde inflexis et

leviter recurvatis ; membrana glabra.

Long. 285 /i; lat. s. spin. 305 ^, c. spin. circ. 44 /i; lat. isthm. 9 yw.

This agrees with var. glabrum, Lagerh. (in Ofvers. Sv. Vet.-Akad. Porh. (1885) n. 7,

p. 247), in the smooth membrane and longer spines ; but as his variety is not described

with inflexed spines, the forma torta placed by Bcergesen (in Vidensk. Meddel. 1890

(1891), p. 49, t. 5. fig. 56) under this variety should Idc var. injlexum, forma torta.

119. S. spiCATUM, West & G. S. West, in Journ. Bot. xxxiii. (1895) p. 70.
{_
= S. du-

biuni, B. Eichl. & Gutw. Nonn. Spec. Alg. Nov. 1894, p. 15, t. 5. figs. 52, 53 (non

>S; dllbilml,^\G^i, in Journ. Roy. Micr. Soc. (1890) p. 295, t. 6. fig. 28).] (PL XVI.

fig. 23.)

The following is the description of the American specimens, w^ritten some time before

Eichler and Gutwinski's paper appeared :

—

S. parvum, tarn longuni quam latum (sine spinis), profunde constrictum, sinu aperto ct

acutangulo; semicellulse late suboblongae, lateribus et apicibus leviter concavis,

anguhs inferioribus spina brevi singula convergente instructis, angulis superioribus

spmis longis suberectis duobus instructis; a vertice visie triani>:ulares, lateribus

levissime retusis, angulis subrotundatis spina brevi singula et angulos versus

utrobique spina singula instructis ; membrana glabra.

Long. s. spin. 21 ^, c. spin. 385 n ; lat. s. spur. 21 ^u, c. spin. 29 /« ; lat. isthm. 75 /u.

This species is nearest to *!>'. qimndrangulare, Breb., var. longispina, BcErg. in Vidensk.
Meddel. 1890 (1891), p. 40, t. 5. tig. 55.

120. 8. SUBTRIFURCATUM, nov. sp. (PI. XVI. fig. 24.) S. mediocre, sexta parte latius

quam longius, modice constrictum, sinu aperto acutangulo lateribus concavis;
semiceiluiai obiougae, lateribus valde concavis, apicibus leviter convexis, angulis
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inferioribus spina longa valida singula convergente instructis, angulis sup(M-ioril)U9

spinis duabus longis validis subdivergentibus instructis ; a vertice visaj triangulares,

lateribus concavis, angulis truncato-retusis, spinis longis validis tvil)iis subdivt'vgcn-

tibus prgeditis ; niembrana glabra.

Long. 30 ill ; lat. s. spin. 35 n, c. spin. 7i n ; lat. isthm. 14*5 ^.

This differs from S. frificrcatum, W. B. Turn. (Freshw. Alg. of E. India, p. 110), and
var. reversmn, W. B. Turn. {L c. t. 17. lig. 9), in its relatively longer and straigliter

spines, in its very different sinus, its sborter length, and its concave sidps in vertical view

without any constriction below the angles.

S. brasiliense, Nordst., var. triquetrum, Wolle (Alg. U.S. p. 4(1, pi. GO. iigs. 3!), 10), is

probably the same species as this, but his figure is not sufficiently clear to determine

the point ; it certainly is not a variety of S. hrasilieme, Nordst.

121. Staueastrijm brasiliense, Nordst. in Vidensk. Meddel. 1869 (1870), p. 227, t. 1.

fig. 39.

Var. LuNDELLii, nov. var. [S. brasiliense, Nordst. forma ; Lund. Desm. Suec. p. 73, t. 5.

fig. 2; Cooke, Brit. Desm. pi. 61. fig. 2.) Var. duplo-major (interdum subduplo-

major), cellulis quam spinae paulo longioribus, dorso rectis vol levitcr convexis, a

vertice visis 5-gonis (rarissime 6-gonis) ; raembrana minute scrobiculata.

The following represents the dimensions of one of the larger forms :
—

Long. s. spin. 83 n, c. spin. 135 ix ; lat. s. spin. 80 n, c. spin. 141 ^; lat. isthm. 35 /it.

The plant which we have seen commonly from N. America, Ireland, and N. Wales is

sufficiently different from the Brazilian type to rank as a distinct variety. Two of the

three spines at the angles are generally placed horizontally, and the third is inserted

above them at an angle. The cavity of this Staiwastrmn is only mamillate within the

base of the spines, and does not project almost to the apex as shown by Wolle (Desm.

U.S. pi. xlviii. figs. 1-3). The figure by the latter of the front view is erroneous.

Cooke's figures of both front and vertical views are very bad representations of British

examples ; his front views also show but two spines at each angle instead of three.

122. S. CLAViFERTJM, uov. sp. (PI. XVI. fig. 25.) S. mediocre, paulo longius quam

latius, profunde constrictum, sinu aperto acutangulo ; semicellulae su])elliptica?,

dorso quam ventre convexiores, spinis brevibus validis numerosis in lineis subregu-

lariter ordinatis instructse, ad angulos cum spinis tribus (fere) longioribus, sine

spinis in sinu, apicibus subglabris ; a vertice visa? triangulares, lateribus retusis,

angulis subrotundatis, cum spinis brevibus subirregulariter ordinatis, ad angulos

longioribus
;
glabrae in centro.

Long. s. spin. 38-40 /t ; lat. s. spin 36-38 ^, c. spin. 42-44 ^i ; lat. isthm. 10-5-12-5 ^.

At first we considered the species to be S. Bavenelii, Wood, 1873 (Wolle, Desm. U.S.

p. 143, pi. 52. figs. 7, 8 [=S. sparsiaculeatum, Schmidle, 1895]), to which it is very

.closely related. After examining a number of specimens, however, and finding constant

differences between them and the figure of Wolle, we thought it better to define what

xwe have seen as distinct.
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123. Staurastrum Brebissonii, Arch, in Pritch. Infus. ed. IV. p. 739.

Var. HETERACANTHUM, nov. var. (PL XVI. fig. 26.) Minus, semicellulis spinis ad

angulum imumquemque paucioribus, cum spinis tiibus validioribus quam spinse

rcliquic ; a verticc visic lateribus subrectis.

Long. 35 ^i; lat. sine spin. 35 /.i, cum spin. 50 /n; lat. isthm. llS /t.

124. S. SETiGERUM, Cleve, in Ofvers. Sv. Vet.-Akad. Porh. 1863 (1864), n. 10, p. 490, t. iv.

fig. 4 ; Lund. Desm. Suec. t. iv. fig. 3 ; Eoy et Biss. in Ann. Scot. Nat. Hist. (1893)

p. 243, pi. 3. fig. 9. (S. Boyammi, Arcb. in Quart. Journ. Micr. Sc. xvii. (1877)

p. 103 : Cooke, Brit. Desm. p. 152.)

Var. occiDENTALE, uov. var. (PI. XVI. fig. 7.) Var. semicellulis depressis, anguste

cllipticis, spinis ad angulos ut in forma typica, reliquis longioribus, paucioribus, et

irregulariter dispositis ; a vertice visis lateribus concavis, angulis rotundioribus.

Long. s. spin. 31 n ; lat. s. acul. 38 ^, c. acul. 67 a* ; lat. isthm. 10 |U.

This variety diff'ers mncli from the type in being broader than long, in the fewer

scattered spines, and in the concave sides of the vertical view.

Var. PECTINATUM, nov. var. (PL XVI. fig. 28.) [=*S'. setigerum, WoUe, Desm. U.S.

p. 141, pi. 45. figs. 26, 27.] Var. minor, semicellulis spinis intra angulos validi-

oribus et longioribus (subcurvatis) ; sinu minus aperto.

Long. s. spin. 34 n, cum spin. 44 ^ ; lat. s. spin. 31 ^, cum spin. 46 n ; lat. isthm. 6*5 n.

Sab. Harvey Lake, Lycoming Co., Pa.

125. S. MiNNESOTENSE, Wollc, Prcshw. Alg. of U.S. p. 43, 1^1. 57. figs. 7, 8. (PL XVII.

fig. 15.)

Long. s. spin. 84-86 /u, cum spin. 117-128 ju; lat. s. spin. 71-78 fx, cum spin. 105-125 /t;

lat. isthm. 23-28 /x.

The U\o spines at the angles are always stronger than the rest, and the latter are

generally somewhat irregular both in length and disposition. The only regular specimen

seen had nine pairs of spines to each semicell (fig. 15, h). In vertical view the sides are

slightly convex and refuse towards the middle ; the angles are not anything like so acute

as figured by Wolle.

126. S. MAAMENSE, Arch. in Quart. Journ. Micr. Sc. ix. (1869) p. 200. [S.pseudocrenatumy

Lund. Desm. Suec. p. 65, t. 4. fig. 4.)

The figure given by Wolle (iUg. U.S. pi. 57. fig. 10) of the front view of this species

is erroneous ; the drawing must have been made from a much tilted specimen, for the

warts would not otherwise show at the apices. All the American specimens we have

seen are similar to the European ones.

127. S. suBSCABRUM, Nordst. Alg. Aq. dulc. et Cliar. insul. Sandvic. p. 16, t. 2. fig. 2.

Long. 27 /x; lat. 26 ^x ; lat. isthm. 7'5 /u. (PL XYllL fig. 12.)

128. S. TRiHEDRALE, Wollc, Desm. U.S. p. 123, pi. 40. tigs. 12, 13. (PL XVI. fig. 29.)

We have found some examples which must belong to this species, the form of the ceU&
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agreeing well with his figure except in the sinus ; the sinus of our examples was narrow
as in his description. As his description is too meagre and not quite correct, and also jis

his figure and description do not agree, we give hoth.

S. suhmediocre, IJ-plo longius quam latins, profuudc constrictiim, sinu angusto-lineari

extremo leviter ampliato ; semicellulye triangulares, anguUs inferiorihus rotundatis

et subtruncatis, lateribus inferiorihus inflatis, lateribus superiorilius conaivis,

apicibus subtruncato-rotundis ; a vertice visa? triangulares, lateribus concavis,

angulis rotundatis ; meml^rana scrolnculata.

Long. 42-43 /n ; lat. 28-29 ^u ; lat. apic. 8'5-9-5 ^ ; lat. isthni. 9-10 lu.

The membrane is finely scrobiculate, and not "jiunctate granuhite" as stated by Wolle.

Var, RHOMBOiDEUM, nov. var. (PL XVI. fig. 30.) Var. semicellulis longioribus, lateribus

superioribus subrectis, apicibus truncatis efc levissime retusis ; a vertice visis tri-

angularibus, lateribus rectis.

Long. 52 /u ; lat. 27'5 in ; lat. apic. 9*5 ju ; lat. isthm. ll'o ft.

129. Staurastrum insigne, Lund. Desm. Suec. p. 58, t. 3. fig. 25.

Long. 21 /t ; lat. 14 /n ; lat. isthm. 5 /t.

A smaller and comparatively longer form of this characteristic species was observed.

130. S. LANCEOLATUM, Arch. in Quart. Journ. Micr. Sc. ii. (1802) p. 218, t. 12.

figs. 16-22.

Var. COMPRESSUM, West, ^""ew Brit. Alg., in Journ. Roy. Micr. Soc. (1894) p. 11, pi. 1.

fig. 22.

Long. 17'5 /t ; lat. 21"2 /i ; lat. isthm. 7'5 /.i.

131. S. AVERSUM, Lund. Desm. Suec. p. 59, t. 3. fig. 27.

Long. 36 ^; lat. 33 ^ ; lat. isthm. 16*5 {jl.

Ilcib. Orono, Maine.

132. S. GRANDE, Bulnh. in Hedwigia, vol. ii. (1863) t. 9. fig. 14.

Var. ROTUNDATUM, nov. var. (PL XVI. fig. 31.) Var. robustum, sinu acutissimo minus

aperto, semicellulis inflatis, angulis rotuudioribus, dorso convexiore.

Long. 81-86
i^\

lat. 67-70 /^; lat. isthm. 20-23 /x.

A rather frequent variety.

133. S. BOTROPHiLUM, Wolle, Desm. U.S. p. 131, pL 42. figs. 11-13.

Long. 47 ^ ; lat. 38-40-5 ^ ; lat. isthm. 9 ^.

The examples seen of this had the apices more al^ruptly truncate tlian WoUe's figure

;

the vertical view had slightly refuse sides and less rounded angles. The sinus was

narrowly linear. Pig. 13 (Wolle, I. c.) is certainly an incorrect drawing, for it is

impossible to get such a wide open sinus from a linear one in any position {vide tig. 11,

AVolle, I. c). This approaches *S'. Arnellii, Boldt, in Ofvers. Sv. Vet.-Aliad. Forh. 1885

(1886), n. 2, p. 112, t. 5. fig. 21, in form, but has a much narrower isthmus and differently

arranged granules.

SECOND SERIES.—BOTANY, VOL. V. 2 O
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134. Stalrastrum brachiatum, Kalfs, Brit. Desm. p. 131, t. 23. fig. 9.

Long. 36-5-55//; lat. 36-5-57o/x; lat. isthm. 9'5-14 /. ; diam. zygosp. cum proc.

32-42 y..

Several zygospores of this were seen from Orono, Maine. C/r. West, in Journ. Bot.

XXV. (1889) p. 205. (PL XVI. fig. 32.)

135. S. ARcrATUM, Nordst. Bidrag Sydlig. Norges Desm. p. 36, fig. 18.

Porma ACICTJLIFERA. (PL XVI. fig. 34.) Porma processibus longioribus et horizontaliter

dispositis, processibus dorsalibus ad apices leviter dilatatis, spinis ineequalibus, una

miilto Ion giore.

Long. c. spin. 27 //, s. spin. 19 // ; lat. (c. spin.) 48-5 /x ; lat. isthm. 9'5 [x.

The S. arcnatum figm-ed by Wolle (Desm. U.S. pi. 46. figs. 13, 14) is certainly not

S. arcuahi/tn, Nordst.

136. S. SEXVERRUCOSUM, nov. sp. (PL XVI. fig. 35.) S. subparvum, paulo latins quam

longius (sine spinis) profnnde constrictum, sinn acnto aperto; semicellulse angnste

ellipticcC, angnlis bispinatis serielms tribns granulorum transverse ornatae, dorso

verrucis tridenticulatis prseditai; a vertice visas triangulares lateribns concavis,

angnlis obtusis spinatis, seriebus tribns granulorum transverse dispositis, in ccntro

cum annulo verrucaruni tridenticulatarum 6.

Long. 25 /x ; lat. 34'5 ^ ; lat. isthm. 6 /x.

The nearest species to this is *S'. arcuatum, Nordst., from which it diff'ers in its thicker

and less produced angles, in the dorsal verrucse, &c.

137. S. VALIDUM, nov. sp. (PL XVI. fig. 36.) S. parvum, IJ-plo latins quam longius,

profnnde constrictum, sinn aperto ad extremum subacuto ; semicellulse elliptico-

Innatje, marginibus inferioribus leviter biundulatis, apicibns glabris, marginibus

snperioribus verrucis emarginatis ornatis, angnlis tridenticulatis ; a vertice visae

triangulares lateribns concavis et angulos versus leviter undulatis, angnlis productis

truncatis et tridenticulatis, intra marginem lateralem unumquemque verrucis

emarginatis 4 ornatse, verrucis duabus prope apicem anguli uniuscujusque ; in

centro glabrae.

Long. 27-29 /x; lat. 36-38 /x; lat. isthm. 7-7-5 /x.

138. S. DELiCATissiMUM, nov. sp. (PL XVI. fig. 37.) *S'. parvum, paulo longius quam
latins, modice constrictum ; semicellulae obtriangulares, lateribns snperioribus

minutissirae biundulatis, apicibns subrectis, angnlis processibus delicatissimis longis

glabris productis, apicibns leviter dilatatis et subtruncatis ; a vertice visse triangulares,

lateribns subrectis, spinis minutissimis duabus instructis, angnlis in processus

uehcatissimos glabros productis.

Long. s. proc. 115 /x, c. proc. 34 /x; lat. s. proc. 9-5 ^, c. proc. 30 /x; lat. isthm. 4 /..

The minute spines on each side of the vertical view show best when the plant is seen

obliquely.
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139. Staurastrum parvulum, nov. sp. (PI. XVII. fii,^ 1.) *S'. minutum, psene 1 J-plo

longius quam latius (sine process! bus), modice constrictum, sinu aperto; semicellulfc

rectangulares, lateribus apicibusque leviter concavis, angulis superioribus in processus

longos arcuatos tenues minute nodulosos productis, apicibus minutissinie tridenti-

culatis, cum spina singula minuta ad angulum basalem sub processu unoquoque ; a

vertice visse triangulares, lateribus subrectis, angulis in processus longos hypocyrto-

cerosos productis, denticulo minutissimo ad basin processus uniuscujusque utrobique.

Long. 11*5
jj. ; lat. sine proc. 8 /a, cum proc. 25-26'5 /a ; lat. istbm. 4.'5 ;x.

This little species does not appear to be very closely related to any other. The small

spines at the basal angles and directly under each process are best seen when the plant is

somewhat tilted.

140. S. GENTJFLEXUM, nov. sp. (PL XVII. fig. 2.) S. parvum, paulo longius (pi;im

latius (sine processibus), ad medium modice constrictum ; semicellulae cyatbiformes,

apicibus subrectis, angulis superioribus productis divergentibus subito genuflexis in

processus longos tenues attenuatos convergentes undulatos productis, apicibus

subobtusis ; a vertice vis8B triangulares, lateribus rectis, angulis in processus longos

subeurvatos undulatos productis ; membrana glabra.

Long. 13*5 ^ ; lat. sine proc. 11 jj. ; lat. cum i3roc. 10 />c ; lat. isthni. 5 ^.

111. S. SUBGRACILLIMUM, nov. sp. (PL XVII. figs. 3, 1.) S. parvum, ciiciter tarn

longum quam latum (sine processibus); semicelluloB late cuneatae, lateribus rectis,

apicibus retusis, angulis superioribus in processus longos horizontales non attenuatos

minutissime undulatos productis ; a vertice vises triangulares lateribus levissime

concavis, angulis in processus longos productis, apicibus processuum a dentibus

subpatentibus incurvatis tribus instructis
; processi!)us unius semicelluke cum iis

alterius alternantibus ; membrana gla])ra.

Long. 10"5-11"5 y. ; lat. s. proc. 10-11 ^, c. proc. 54-60 ^ ; lat. isthm. 4'8-5'5 jm.

On seeing but two specimens of this w^e placed it as a variety of *S'. gracillimum, West

& G. S. West (in Trans. Linn. Soc. ser. II., Bot. v. (1895) p. 75, pi. 8. fig. 31),

but after seeing many more examples, and finding its characters constant, we thought

it advisable to regard it as a distinct species. The processes are of a different nature

from those of S. gracilUmum ; they are less attenuated, very minutely nodulate, and the

apices are not deeply bifurcate, but furnished with three spreading incurved teeth.

In the front view the processes are almost horizontal and the teeth at their apices are

seen to be in one plane, the apex of the semicell is concave, and in vertical view the

sides are very slightly concave or almost straight.

142. S. AsTEROiDEUM, nov. sp. (PL XVII. fig. 5.) S. parvum, paulo latius quam

longius (cum processibus), modice constrictum; semicellula? quadrato-cuneatcC,

apicibus convexo-truncatis, angulis superioribus in processus bi- vel trinodulosos

leviter curvatos extrorsum productis, apicibus tridenticulatis ; a vertice visic 5-radiatte,

processibus tarn longis quam diameter corporis ; membrana glabra.

Long. s. proc. 15-16-5 ^, c. proc. 19-24 ^ ; lat. s. proc. 8-5-10-5 ^, c. proc. 25-27 ^ ;

lat. isthm. 5*5 u.^ 2o2
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The nearest species to this is S . franconicum , Reinscli (Algenfl. Pranken, p. 158, t. 12.

fii^. 3), from which it differs considerably. A good many examples of this were seen,

all of which were 5-rayed. Compare also with ^S'. zonakwi, Boerg. (in Vidensk. Meddel.

1890 (1891), p. IG, t. 5. fi-. 48).

113. Staueastrum bicoronatum, IS". L. Johnson, in Bull. Torr. Bot. Club, xxi. (1891)

p. 290, pi. 211. fig. 9.

Yar. siMPLicius, noY. var. (PI. XVII. fig. 6.). Var. semicellulis a vertice visis sine

aunulo spinarum parvarum furcatarum intra marginem; apicibus processuum

emarginatis et bidenticulatis (non trifidis) ;
processibus unius semicellula^ cum iis

alterius alteroantibus.

Long. 14-5 ;i ; lat. s. proc. circ. 9-5 /^i, c. proc. 32-34'5 /n ; lat. isthm. 6 ^i.

We had this variety described as a species in manuscript some time before Johnson's

paper appeared ; it differs from his sufficiently to make a well-marked variety.

144. S. iNCisuM, Wolle, Desra. U.S. p. 132, pi. 41. figs. 12-14.

Yar. EFFiGL'RATUM, nov. var. (PL XVII. fig. 7.) Yar. semicellulis a vertice visis

incisurii inter processus apertiore, processibus ornatis cum processu brevi prope

basin utrobique.

Long. 25 ^t ; lat. c. proc. 42 /u ; lat. isthm. 9 n.

Compare with ^S'. ornatimi, W. B. Turn. (Preshw. Alg. of E. India, p. 115, t. 13. fig. 28*

;

S. margaritaceum, Ehrenb., f. ornata, Boldt. in Ofvers. Sv. Vet.-Akad. Porh. 1885 (1886),

n. 2, p. 115, t. 5. fig. 27).

145. S. LOGIMUM, nov. sp. (PI. XYII. fig 8.) S. mediocre, duj^lo longius quam latius

(sine processibus), modicc constrictum ; semicellulse subquadrangulares, iateribus

l)icrenatis crena inferiore majore et subemarginata, apicibus levissime concavis,

angulis superioribus in processus longos tenues leviter divergentes et subflexuosos

productis, subnodulosis basin versus et subundulatis apicem versus, apicibus cum
dentibus quattuor divergentibus sed incurvatis ; a vertice visa? triangulares

laterilms subrectis, angulis in processus longos productis; cum basi semicellularum
trigona Iateribus concavis et angulis truncato-emarginatis

; membrana glabra.

Long. s. proc. 25-27 /t
; lat. s. proc. 13-14 n, c. proc. 75-80 ^l - lat. isthm. 7-7 /u.

This seems a characteristic species, of which only three examples have been seen.

146. S. PARADOXLM, Meycu ; Ralfs, Brit. Desm. p. 138, t. 23. fig. 8.

Yar. oscEOLENSE, Wolle, Alg. U.S. p. 45, pi. 59. figs. 8, 9. Porma minor. (PI. XYIL
fig. 9.) Porma seraicelluhs a vertice visis triangulares.

Long. s. proc. 15 ^i, c. proc. 31 ^t ; lat. s. proc. 9-5 /(, c. proc. 42 ^i ; lat. isthm. 45 fx.

Pig. 8, pi. 59 (Wolle), does not represent a front view; it is much tilted and incorrectly

drawn.
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147. Staurastrum aspinosum, Wolle, Desm. II.S. p. Ii3, pi. 51. figs. 22, 23.

Var. AXNULOSLM, nov. var. (PL XVII. fig. 10.) Var. spinis brevibus multis circa

basin processuum, processibus undulato-denticulatis, cum annulo spinariim majorum
parti tertice loEgitudinis processus uniuscuj usque de apice.

Long. s. proc. 17 /i, c. proc. 46 n ; lat. s. proc. circ. 17 ^j, c. proc. 52 ^ ; lat. isthm. 5-8 n.

We have only seen one example of tliis Aariety.

148. S. BARBATUM, noT. sp, (PI. XVII. fig. 11.) S. parvum, 1^-plo longius quam
latius (sine processibus), modice constrictum ; semicellula? obsemicirculares,

dente parvo utrobique basin versus constrictionis, apicibus subconvexis, angulis in

processus longos acute trinodulosos productis, apicibus subcapitatis cum spinis

brevibus divergentibus armatis; a vcrtice visas triangulares, lateribus levissime

concavis, angulis in processus longos acute 1-nodulosos productis.

Long. s. proc. 16 /n, c. proc. 38'5 ft; lat. s. proc. 12^, c. proc. 38-40 fi; lat. isthm. y /i.

This differs from S!. aspinosum , Wolle, in its smaller size and shorter arms, which are

regularly 3-4-nodulose and not furnished with irregular 23erpendicular spines ; the apices

of the processes are also very different.

149. S. BRACiiiopROMiNENS, Boerg. in Vidensk. Meddel. 1890 (1891), p. 47, t. 5. fig. 52.

Long. s. proc. 29 ,u, c. proc. 46 /u ; lat. s. proc. 19 /x, c. proc. 60 ^i ; lat. istbm. 105 ^t

;

crass. VI IX.

As Poergesen states tliat he was somewhat uncertain as to the vertical view, we give

a figure. (PI. XVII. fig. 12.)

Var. ROBUSTUM, nov. var. (PI. XVII. fig. 13.) Var. processibus minus divergentibus

et validioribus, verrucis ad apices majoribus, etiam cum verrucis longis minoribus

emarginatis prope basin marginis superioris ; membrana non ornata.

Long. 27-30 m ; lat. c. proc. 545-60 ^u ; lat. istbm. 6-7 a^.

150. S. XATATOR, West, in Journ. Linn. Soc. (Bot.) xxix. (1892) p. 183, pi. 23. fig. 14.

Var. CRASSUM, nov. var. (PI. XVII. fig. 4.) Var. semicellulis projectione eentrali

multo majore, annulo grauulorum (circ. 12), granulis tribus intra annulum ; verrucis

ad apicem truncato-denticulatis.

Long. s. proc. 31-36 a«, c. proc. 41-48 ^t ; lat. s. proc. circ. 19 ^i, c. proc. 65-69 /* ; lat.

isthm. 7'5-9"5 ^.i ; crass. 25 ^n.

The vertical and lateral views of this species remind one of S. mimiecfpoUense, Wolle,

but the front view at once precludes this idea.

151. S. GRALLATORIUM, Xordst. in Vidensk. Meddel. 1869 (1870), p. 228, t. 4. fig. 52.

Var. AMERICANUM, nov. var. (PI. XVII. fig. 15.) Var. cellulis profundiiis constrietis,

semicellulis latioribus quam in formfi typica (obverse semicircularibus), apicibus

truncato-convexis et glabris, processibus divergentibus sed incurvatis.

Long. s. proc. 29-31 /i ; lat. s. proc. 21-23 ^, c. proc. 73-75 m; lat. isthm. 6-5-7-5
/*

;

crass. 16 ^. • -
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152. Staurastrum LEPTOCLADrM, Nordst. in Yidensk. Meddel. 1869 (1870), p. 228, t. 4.

fig. 57.

Var. iNSiGNE, nov. var. (PL XVII. fig. 17.) Var. semicelluHs paulo brevioribus,

processibus extrorsum et valde curvatis, apicibus verrucis emarginatis quattuor

oniatis ; a vertice visis projectione mediana subemarginata utrobique instructis.

Long. s. proc. 35 n, c. proc 76 |u ; lat. s. proc. circ. 17 /u, c. proc. 85 ;u ; lat. isthm. 8.5 /n

;

crass. 165 n.

153. S. JoHNSONii, nov. sp. (PI. XVII. fig. 16.) [= S. leptocladum, N. L. Johnson, in

Bull. Torr. Bot. Club, xxi. (1894) p. 288, pi. 211. fig. 2.] S. mediocre, circiter duplo

latius quam longius (cum processibus), modice constrictum ; semicellulse subcam-

panulata3, ad basin truncato-inflatse cum annulis duobus granulorum (annulo

superiore plerumque irregulari), apicibus verrucis denticulato-truncatis 5-7 ornatis

et verrucis 5-7 intra marginem apicis, angulis superioribus in processus longos

subattenuatos leviter divergentes productis, margine superiore acute dentato,

raargine inferiore subundulato cum denticulis 4 prope basin, apicibus processuum

tridentatis; a vertice visas ellipticse, verrucis denticulato-truncatis utrobique et

serie verrucarum similium intra marginem unumquemque, polls in processus

longos denticulatos productis ; membrana delicatissima, sed sparsim punctata.

Long. 38-5-44 /.; lat. c. proc. 82-5-88-5 n ; lat. isthm. 95-10 ^.

This is a fairly constant species, and differs from S. leptocladum, Nordst., in the four

rows of denticulate verruca? at each apex, in the upper side of each process being much

rougher than the lower, except for the three to four minute teeth on the under side

near the base, as well as in the diff'erent base of the seniicells. The processes are

relatively shorter and stouter, and do not possess that graceful curve—first converging

and then diverging—so characteristic of ^S*. leptocladum, but are slightly divergent;

moreover, no specimen of the latter has ever more than two teeth at the apices ot the

processes, whereas *S'. Johnsonii has always three.

1 4, S. Anchoea, nov. sp. (PL XVII. figs.21, 22.) S. magnum, duplo latius quam
longius (cum processibus), modice constrictum ; semicellulse campanulatye et leviter

inflate prope basin, apicibus truncatis et glabris, angulis in processus longos

imdulato-denticulatos leviter incurvatis productis, apicibus processuum tridentatis,

verrucis emarginatis 8 intra apicem unumquemque ; a vertice visae ellipticse, polls in

processus longos undulato-denticulatos productis, verrucis emarginatis 8 intra

marginem utrobique.

Long. 65-69 /i ; lat. c. proc. 119-136 fx ; lat. isthm. 12'5-15 n.

155. S. ORNITHOPODUM, nov. sp. (PL XVII. figs. 18-20.) S. submagnum, profunde

constrictum, sinu extrorsum valde ampliato ; semicellulse subellipticai vel obsemi-

circulares, apicibus convexis spinis bi- vel trifurcatis prseditis, angulis in processus

breves crassos productis, annulo singulo (interdum annulis duobus) denticulorum

ornatis, apicibus processuum profunde trifurcatis, dentibus magnis divergentibus

;
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cum annulo granulorum (circ. 8) ad basin semicellularum ; a vertico visae

quadrangulares, lateribus concavis, spinis binis bi- vel trifurcatis ornatis, angulis

in processus breves profundc trifurcatos productis, denticulis pcrpaucis prope

basin.

Long. 40-50 /e ; lat. s. proc. circ. 35-38 /i, c. proc. 01-82 /u ; lat. isthm. ll-5-13'5 /u.

This at first sight reminds one of S. vestitum, Ralfs, but after examining many
specimens, and the characters being found to be quite constant, it cannot be placed

under that species, differing from it in its much shorter and almost smooth processes with

stoutly trifurcate apices, and in many other characters. This species is constantly

quadrangular.

156. Staurastrum loxgiradiatum, nov. sp. (PI. XVII. fig. 23.) S, mediocre, 2J-plo

latius quam longiusfcum processibus), modice constrictuni; semiccUuljr' campanulata?,

angulis inferioribus subrotundatis, apicibus truncatis et verrucis emarginatis ornatis,

angulls superioribus in processus longos horizontales (vel subdivergentes) et acute

nodulosos i^roductis, apicibus processuum bifurcatis; a vertice visae triangulares,

corpore parvo, lateribus concavis glabris, angulis in processus longos undulatos

productis, intra marginem lateralem unumquemque cum serie verrucarum emargi-

natarum 4 ; basi semicellularum trigona.

Long. 25-30 ^t; lat. c. proc. 67-77 ix; lat. isthm. 6-7"5 /i.

The nearest species to this is S. Fseudosebaldi, Wille (in Christ. Forh. Vidensk. Selsk.

1880 (1881), p. 45, t. 2. fig. 30).

Porma major. Forma major, apicibus processuum trifurcatis.

Lat. 119 n.

157. S. FLORIFERUM, uov. sp. (PI. XVIII. fig. 1.) S, mediocre, paulo longius quam

latius (sine processibus), profunde constrictum ; semicellula) obverse semicirculares,

apicibus rectis verrucosis, angulis in processus horizontales longos productis,

apicibus processuum tridentatis
;
processus nodis dentatis binis, dentibus dorsalibus

multo longioribus, ad basin processuum, verruca emarginatti ad latus dorsale et

dente ad latus ventrale ; a vertice visie triangulares, lateribus subrectis, angulorum

processibus binodulosis productis ad basin dilatatis, intra dilatationes vtM-micis

emaririnatis duabus, in centro cum annulo verrucarum tridenticulatarum 6 (duai intra

marginem lateralem unumquemque).

Long. 23-25 /u ; lat. s. proc. 19-21 /*, cum. proc. 53-55 ft ; lat. isthm. 6-5-7'5 /*.

158. S. Sebaldi, iteinsch, Algenfl. Pranken, p. 175, t. 11. fig. 1.

As this species is very varial)le, vertical views of two common forms are given.

Lat. 63-69 ^. (PI. XVIII. figs. 2, 3.)

Var. ALTUM, nobis. [= S. prohoscideum. Arch., var. altum, Boldt, in Ofvers. Sv. Vet.-

Akacl. Porh. 1885 (1886), n. 2, p. 117, t. 6. fig. 34.]

Long. 80 fjL ; lat. c. proc. 70 n ; lat. isthm. 20 n.

This is too large for S. irroboscideum, and the ornamentation is much nearer that of

S, Sebaldi \ it is a common American variety.
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159. Staurastrum Cerastes, Lund. Desm. Siiec. p. 69, t. 4. tig. 6. (PI. XVIII. fi^^ 4.)

luong. 50-53 n ; lat. c. proc. 57-5-61-5 /n ; lat. istlmi. 10-12-5 u.

All the American specimens of this species that we have seen agree exactly with the

original Swedish and also with British specimens. TJie tigure given hy Wolle (Desm.

U.S. pi. 43. tigs. 6, 7)—which he states to be " a smoother specimen "—certainly does

not represent this species. In all the hundreds of examples of >S'. Cerastes that we have

examined, we have never found any but the slightest variations, the general characters,

such as the arrangement of the emarginate verrucse, the smoother under side of the

processes, and the elegant curvature of the semicells, remaining quite constant, the

" margins and areas " not being " variously roughened." We give a figure of a typical

American specimen.

160. S. Zyg.exa, nov. sp. (PI. XVIII. fig. 5.) *S'. parvum, tam longum quam latum (cum

processibus) ; semicelluke longitudinaliter rectangulares, lateribus leviter concavis

glabris, angulis inferioribus leviter rotundatis, apicibus convexis, angulis superioribus

in processus validos subincurvatos productis, processibus et apicibus dentieulatis,

apicibus processuum subcapitatis cum annulo spinarum parvarum ad extremum,

annulis duobus granulorum minutorum ad basin semicellularum ; a vertice visse

triangulares, lateribus dentieulatis valde concavis, angulis in processus breves

subcapitatos denticulatos j)roductis.

Long. 84 ju; lat. c. proc. 35 ju ; lat. isthm. 7 /u.

161. S. RoTULA, Nordst. in Vidensk. MeddeL 1869 (1870), p. 227, t. 4. fig. 38.

(PL XVIII. fig. 11.)

Long. c. papill. 46*5 n ; lat. c. proc. 58-80 yu.

The Xorth American forms vary considerably in size ; the processes are somewhat

convergent, and the back of the semicells is not so high as in the Brazilian form {cfr.

Xordst., Preshw. Alg. of X. Zeal. & Austr. p. 37). I)r. Xordstedt also states that, *'to

judge by a drawing of living specimens by Mr. C. Lofgren tlie crenation in the margin

should have been sharper (the minute spines would probably have been broken off)."

In the specimens we examined the processes were generally trinodulose, but some
examples were seen in which the processes had two rings of minute teeth pointing forward.

Most of the specimens were 8-radiate in vertical view, but one example seen was 10-radiate,

and had 10 apical papillae, one above the base of each process. Wolle's fig. 14, pi. 44
(Desm. U.S.), does not represent the front view; it is somewhat tilted, and the apical

papillse are not rectangular as he figures them, but obtusely conical : the apices of the

processes are not bifid as figured by him; this remark also applies to several other

figures of his, such as S. Ophiura.

162. S. Ophiura, Lund. Desm. Suec. p. 69, t. 4. fig. 7.

U.S. specimens of this are very variable both in dimensions and number of rays, the

latter varying from 4 to 8. The variety tetracerum, WoUe (long. 60 a*,
lat. c. proc.

102-132 A*, lat. isthm. 11-5 p), as we have observed it, has longer and more slender

processes than figured by Wolle. (PI, XVIII. fig. 16.)
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163. STArnASTRUM Arctiscon, Lund. Desm. Suec. p. 70, t. k fig. 8. {Xanthidimn
Arctiscon, Ehrenb.)

All the American examples we have seen of this species have shorter processes than
the European ones, and they have at most hut tliree rings of small teeth on each process.

Var. GLABRUM, nov. var. (PL XVIII. fig. 14.) Var. processibus brevioribus et glabris

plerumque levissime bi- (vel tri-) undularis, apicibus processuum saepe dentibus

majoribus.

Long. s. proc. 63 ^, c proc. 121 u; lat. s. proc. 16 m, c. proc. 101-111 ,i; lat. isthm. 21 ^.

164. S. LEPTACANTHUM, Nordst. in Vidensk. Meddel. 1869 (1870), p. 229, t. 1. fig. 46.

Var. DODECACANTHITM, nov. var, (PI. XVIII. fig. 6.) Var. semicellulis processibus 6

serie inferiore et processibus 6 serie superiore, totis brevioribus quam in forma typica.

Long. c. proc. 81 ^, s. proc. 38*5 ^; lat. c. proc. 71-73 ^, s. proc. 28-29 yu; lat. isthra. 13-5 ^.

This variety has 6 processes in both the upper and lower series, and thus differs from

both the type and var. tetroctocenmi, WoUe (Desm. U.S. p. 151, pi. 51. figs. 29, 30). The

vertical view is more triangular than hexagonal.

165. S. WoLLEANUM, Butler, ex Wolle, Alg. U.S. p. 41, pi. 57. figs. 1, 2.

Var. KissiMENSE, Wolle (/. c. pi. 59. figs. 1-3). (PL XVIII. fig. 9.)

Long, c. proc. 113 i.i, s. proc. 65 /i ; lat. c. j^roc. 110 n, s. proc. circ. 48fi ; lat. isthm. 30 /t.

This variety has two distinct whorls of six processes. Fig. 1, Wolle [1. c. pi. 59),

is not a perfect front view ; if this species is " regular hexagonal," what does WoUe's

fig. 2 represent ?

Var. INTERMEDIUM, nov. var. (PL XVIII. fig. 8.) Var. semicellulis processibus

longioribus ad basin latioribus, attenuatis, et ad apices distincte emarginatis.

Long. c. proc. 90 (U, s. proc. 58 n ; lat. c. proc. 92 m, s- P^oc. 40 ^l ; lat. isthm. 28 n.

This is intermediate between the type and var. kissimeuse, Wolle, with regard to the

length of the processes, though the apices are similar to those of the type but more

attenuated.

[Several years before this species was published, we had this variety drawn and

described as S. digitatum.'\

166. S. xiPHiDiOPHORUM, WoUc, Alg, U.S. p. 44, pi. 57. figs. 21, 22.

Var. BRACHYACANTHUM, nov. var. (PL XVI II. fig. 7.) Var. semicellulis altioribus,

spinis brevioribus leviter divergentibus 6, augulis inferioribus nonnunquam spinis

brevibus convergentibus instructis ; a vertice visis subtrigoDalibus lateribus subrectis,

aufjulis subrotundatis verruca obtusa et verruca singula utrobique prope angulos

instructis.

Long, cum spin. 46-48 m ; long. s. spin. 27-28 /t ; lat. 25-30 /x; lat. isthm. 12-12-5 ^i.

This is distinguished from the type and var. simplex, Wolle (/. c. pi. 60. fig. 19), by its

much shorter spines, which are also divergent. The sinus is more open than is

indicated by Wolle's figures. This Staurastrum is triangular, and at each angle there

SECOND SERIES. BOTANF, VOL. V. 2 P
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are three warts (transversely disposed) : the outer ones are truncate or subemarginate,and

are each situated under a spine, there being two spines at each angle; the central one,

which is also situated under a spine in the typical form, is deeply emarginate in a vertical

direction, and the lower portion of it sometimes bears a short downwardly-directed spine.

Thus, when seen in vertical view, each angle is furnished with three subtruncate

"prominences." This is so in the typical forai and in var. brachyacanthum also, but

Wolle says that v. simplex has but two of these. This is certainly remarkable, seeing

that these two varieties have the same number of spines. The "' one-sided, hastate,

poignard-like spines " are due to the spines being set on rather to the inner side of short

ascending processes of the Staurastrum.

167. Staurastrum verrucosum, nov. sp. (PI. XVIII. fig. 10.) S. submediocre, paulo

longius quam latius, modice constrictum, sinu parvo subacute; semicellulaB obtra-

peziformes, angulis inferioribus inflatis et annulis denticulorum parvorum (circiter 8

in ambitu), lateribus nodulis acutis (interdum subobtusis) tribus, angulis superioribus

subtruncatis, apicibus vcriucis magnis emarginato-truncatis 4 obsessis, intra angulos

superiores granulis subirregulariter dispositis ; a vertice visas triangulares, lateribus

concavis et undulato-denticulatis, angulis truncatis, verrucis binis in seriebus tribus

transverse dispositis intra angulum unumquemque, medium versus cellulae majoribus.

Long. 35 fx ; lat. 29 fx ; lat. istlim. 9*5 ^.

Genus Dichotomum, nov. ^Qn.

CellulsB modice constricta3, semicellulaB bilobao, lobis dichotomis ; a vertice visae anguste

fusiformes.

168. D. ELEGANs, nov. sp. (PI. XVI. fig. 33.) D. mediocre, paulo longius quam latius,

modice constrictum ; semicellulae bilobae apicibus concavis, lobis dichotomis brachiis

duobus divergentibus glabris et attenuatis, apicibus profunde bifurcatis ; a vertice

visse fusiformes, i)olis productis ; a latere visae ovato-lanceolatae ; membrana glabra

tenuissima.

Long. s. proc. 15 /x, c. proc. 42 fx ; lat. s. proc. circ. 12 ^, c. pi-oc. 42 ^t ; lat. isthm. 6*5 ^i
;

crass. 7 tx.

This genus includes but two species, the above and D. hibrackiatum, nobis
[=Sfa.upastrMn bibmchiatum, Keinsch, Contrib. Alg. et Pung. t. xvi. fig. 2], with its

var. ci/matium, West & G. S. West, in Trans. Linn. Soc. ser. IL, Bot. v. (1895) p.'
74, pi. 8.

tig. 28.

About half the Desmids mentioned in this paper are hitherto unrecorded for North
America, many of them being new species; of those that remain, either unrecorded
varieties of them are noticed, or attention is called to points previously unobserved
concerning them.
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EXPLANATION OF THE PLATES.

a, a', a" = cellula vel semicellula a frontc visa.

^> ^ = ,} „ „ vertice „

c = » „ „ latere „
d = semicellula a basi visa.

Plate XII.

Fig. 1, 2. Gonatozygon acnieafum, Hastings, forma minor. I, 400/1 ; 2, 520/1.

3-6. Phymatodocis Nordstedtiana, Wolle, forma minor, Boerg. 520/1.

7,8. Sp/i(Srozosma Auderiianum, West. 520/1. Two zygospores.

9. „ excavatum, Ralfs, var. 520/1.

10. Spondylosium pulchrum, Arc}i.,va.r. inflatum. 520/1.

11.12. „ ,, „ xar. constrictum. 11, 170/1 ; 12, 520/1.

13, 14. „ rectangulare, nobis. 520/1.

15-17. Onychonema here, Nordst., var. micracanthum, Nordst. 15, IG, 520/1 ; 17, 400/1. 10 and

17, two zygospores.

18. „ „ „ var. latum, n. var. 520/1.

19. Gymnozyga moniliformis, Ehrenb,, var. gracilescens, Nordst. 520/1. Zygospores.

20, 21. „ confervacea, n. sp. 520/1.

22. „ delicatissima, Lagerli. 520/1.

23. Desmidium aptogonum, Ereb., var. Ehrenbergii, Rabenh. 520/1.

24. „ ,, „ 520/1. Zygospores.

25. „ quadratum, Nordst. 520/1.

26, 27. „ cequale, n. sp. 520/1.

2S. „ ,, „ 520/1. Zygospore.

29. „ cylindricuni, Grev. 520/1. Zygospore.

30.
,, „ ^, var, obliguum, n. var, 520/1.

31. Ple7(rofcemum nodosum, Jj\uu\. Abnormal semicell. 170/1.

32j 33. Penium minutum, Cleve, var. gracile, Willc. 520/1.

34. „ inconspicuum. West. 520/1.

35. Docidium. baculum, Breb. 520/1.

Plate XIII.

Fig. 1. Pleurotanium hypocymatium, n. sp. 520 1.

2, 3. „ subcoronulatum, West, var. detinn, n. var. 520 ].

4,5. „ trochiscum, n. sp. 520 1.

6. „ Sceptrum, nobis, 520/1.

7, 8, „ „ „ var, capitatum, West. 520/1.

9-13. Triploceras gracile, Bail. 9, 400 1 ; 10-13, 520/1.

14,15. Closterium abruptum, West. 14,400/1; 15,520/1. Zygospores.

16^ 17. „ Braunii, Reinsch. 16, extremity, 520/1 ; 17, portion of membrane. 830,1.

18, 19. „ Cynthia, Not. 520/1.

20-22. „ dilataimn, n. sp. 20, 21 ,
slO 1 ; 22, 220/1.

23,24. ,, ro.s'i'fli'//?^, Corda, forma. 520,1.

25,26. Cylindrocijstis angiilata,n. ^p. 520/1.

27. Micrasterias arcuata, Hail., var. gracilis, u. var. 400/1.
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Fig. 28. Micrasttrias pinnatifida, Ralfs. 520/1. Zygospore.

29. „ „ „ forma. 400/1.

30. „ radiosa, Ralfs, forma. 400/1.

Plate XIV.

Fig. 1. Micrasterias depauperata, Nordst. 400/1.

2. „ furcata, Ralfs, forma. 170/1.

3. „ ,, „ „ 400/1.

4. „ Nordstedtiana, V^^oWe. 170/1.

5,6. ., muricata,^Q\\. Two abnormal semicells. 220/1.

7. „ „ „ var. tumida, n. var. 400/1.

8,9. „ conferta, Lund., var. hamata, Wolle. 520/1.

10,11. „ .9/>edo5fl, Wolle, forma. 400/1.

12. „ apiculata, Menegh. 170/1.

13-16. „ abmpta, n. s^. 13, 400/1 ; 14-16, 520/1.

17. Euastrum insigne, Hass. 520/1.

18,19. „ intermedium, Cleve. 18, 400/1 ; 19, 520/1.

20, 21. „ attenuatum, Wolle. 520/1.

22. „ evolutum, nobis, 520/1.

23-25. „ „ „ var. integrius, n. var. 520/1.

26. „ oculaium, Boerg., var. tonsum, n. var. 520/1.

27. „ elegans, Kuetz., var. spinosum, Ralfs. 520/1.

28. „ „ „ var. bidentatum,^ Naeg. 520/1. Zygospore.

29. „ solidum, n. sp. 520/1.

30. „ subornatum, n. sp. 520/1

.

31. ,, Ciasionii, Racib. 520/1.

32,33. „ validum, 11. sp. 520/1.

34. ,, trigibberum, West. 520/1.

35. Cosmarium Hammeri, Reinscli, \qx. protuberans, n. var. 400/1. Zygospore.

36. „ Bailey i, Wolle, var. major, n. var. 520/1.

Plate XV.

Fig. 1. Cosmarium balteum,Ti.s'^. 520/1.

2. „ pseudopyramidatum, Lund. 520/1. Zygospore.

3. „ ovale, Ralfs, var. subglabrum, n. var. 520/1.

4. „ cosmetum^ n. sp. 520/1.

5,6. „ Favum, n. sp. 5, 520/1 ; 6, single granule with surrounding structure, 830/1.

7. „ Boeckii, Wille, forma. 520/1.

8. „ iaxichondrum, Lund., var. angulatum, n. var. 520/1.

9- ,, cyathiforme, n. sp, 520/1.

10,11. „ ^ew^fl/wm, Wolle. 10, 520/1 ; 11, portion of membrane, 830/1.

12. „ subpulchellum, w. sp. 520/1.

13. „ amoenum, Breb,, var. compactum, n. var. 520/1.

14. „ ordinatum, nobis. 520/1.

15. „ subdepressum, n. s\). 520 1.

16. „ doliforme, n. sp. 520/1,
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Fig. 17. Cosmarium glohosum, Bulnh., var. Wollei, n. var. 520/1. A scmicell and a zygospore.

18. „ subimpressulum, Borge. 520/1.

19. „ granatum, Breh., Y&r. ocellatum, n. \Sir. 520/1.

20. „ RegneUii, Wille. 520/1.

21. „ contradum, Kirchn., var, papillatum, n. var. 520/1.

22. „ Eloiseanum, Wolle. 690/1.

23. „ „ „ var. depressum, n. var. 520/1,

24. Xanthidium tetracentrotum, Wolle. 520/1

25. „ fasciculatmn, Ehrenb., var. oronense, n. var. 520/1.

Plate XVI.

Fig. 1. Xanthidium antilopceum, Kuetz., forma. 520/1.

2. „ ,, ,, var. canadense, Josh. 520/J.

3. Arthrodes)Mis convergens, Ehrenb. 520/1. Zygospore.

4. „ „ ,j var. incrassata, Gutw. 520/1.

5. „ ,, ,, var. obesuni, n. var. 520/1.

6. Staurasirum apicvlatum, Breb. 520/1. Zygospore.

7. „ connatunt, Roy et Biss., var. americanum, n. var, 520/1.

8. „ glabrum,^a.Us, var. 520/1.

9. „ sibiricum, Borge, var. occidentale, n. var. a, 520/1 ; a' et b, 62.5/1.

10. „ aristiferum, Kalis, xax. pat^a/lelum, n, yar. 400/1.

11. „ subscolopacinum, nov. sp. 520/1.

12. „ unicorne, W. B. Turn., var. obesum, n, var. 625/1.

13. „ abruptmn. n. sp. 520/1,

14. ,, inconspicuum, Nordst. 590/1.

15. „ Hantzschii, Reinseh, var. congruum, nobis. 520/1.

16, 17. „ quadrangulire, Breb. 16, 625/1 ; 17, 520/1.

18. „ ,, „ var. armatum, n. var, 520/1.

19. „ contectwn, W, B. Turn., var. inevolutum, W. B. Turn. 520/1.

20,21. „ trifidum, ^orAst. 20; 400/1 ; 21, 595/1.

22. „ „ „ var. infexmn, n. var. 520/1.

23. „ spicatum, West & G, S. West. 520/1.

24. „ subtrifurcatum, n. sp. 520/'!.

25. „ claviferum, n. sp. 520/1.

26. „ Brebissonii, Arch., var, heteracanthum, n, var. 520/1.

27. „ setigerum, Cleve, var, occidentale, n. var. 520/1.

28. „ „ ,, var. pectinatnm, n. \SLr. 520/1.

29. „ trihedrale, Wolle. 520/1.

30.
jj, „ „ var. rfiomboideum, n. var. 520/1.

31. jj
grande, Bulnh., var. rotundatum, n, var. 400/1.

32. „ bracliiatum, Ralfs. 520/1. Zygospore.

33. Dichotomum etegans, nov. gen. et sp. 520/1,

34. Staurasirum arcvatiim, Nordst., forma aciculifera. 520/1.

35. ,j
sexverrucosum, n. sp. 520/1.

36. „ validum, n. sp. 520/1.

37. „ delicatissimum, n. sp. a et d, 520/1 ; b, 830/1.

SECOND SERIES.—BOTANY, VOL. V. 2 Q
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Plate XVII.

Fig. 1. Staurdstrum parvulum, n. sp. 520/1.

2. „ genuflexum, n. gp. 595/1.

3, 4. „ subgracillinium, n. sp. 520/1

.

5.
,,

asteroideum, n. sp. 520/1.

6. „ bicoronatum, N. L. Jolmson, var. simplicius, n. var. 520/1.

7. „ incisum, Wolle, var. effiguratum, n. var. 400/1.

8. „ logimum, n. sp. 520/1.

9. „ paradoxum, Meyen, var. osceolense, Wolle, f. minor. 520/1.

10. „ aspinosum, WoUe, var. annulosum, n. var. 520/1.

11. „ barbatum, n, s,^. 520/1.

12. „ brachioprominens, Boerg. 520/1.

13. „ „ „ var. robustum, n. var. a, 520/1 ; a' et b, G25/1.

14. „ natator, West, var. crassum, n. var. 520/1.

15. „ grallatorium, Nordst.^ var. americanum, n. var. 520/1.

16. „ Jofmsonii, n. sp. 520/1.

17. „ leptocladum, Nordst., var. insigne, n. var. 520/1.

18-20. „ omithopodum, n. sp. 520/1.

21, 22. „ Anchora, n. sp. 520/1.

23. „ longiradiatum, n. sp. 520/1.

Plate XVIII.

Fig. 1. Siau7-astruTn florifervm,n. ^Y). 520/1.

2, 3. „ Seba/di, Rcinsch, varieties. 520/1.

4. „ Cerastes, Lund. 520/1.

5. „ Zygana, n. sp. 520/1.

6. „ leptacanthum, Nordst., var. dodecacantJmm, n. var. 520/1.

7. „ xiphidiophorum, Wolle, var. brachyacanthuni, n. var. a, 595/1 ; a', a", et d, 520/1.

8. „ Wolleanum, Butler, var. intermedium, n. var. 400/1.

9. „ „ „ var. kissimense, Wolle. 520/1.

10. „ verrucosum, n. sp. 520/1.

11. „ Rotula, Nordst. 520/1.

12. „ subscabrum, Nordst. 520/1.

13. „ Dickiei, Ralfs, var. maximum, West. 520/1.

14. „ Arctiscon, Lund., var. glabrum, n. var. 520/1.

15. „ minnesotense, Wolle. 520/1.

16. „ OpMura, Lund., var. tetracerum, Wolle. 520/1.

17. „ quadrispinatum, W. B. Turn. 520/1. a! is slightly tilted.

18. „ quadricornutum, Roy et Biss. 520/1. An abnormal semicell.
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VI. On Polystelic Boots of certain Palms. By B. G. CormacK, M.A.
[Communicated hy D. H. Scott, F.B.S., F.L.S.)

(Plates XIX. & XX.)

Bead 6fch February, 1896.

It is a striking fact that throughout the vascular plants, however great the differences

in the reproductive system and in the vegetative shoot, there is, nevertheless, a general

sameness in the form and structure of the root.

This uniformity which characterizes the root is ultimately to be correlated with the

uniformity of its function and environment. Botany and zoology alike afford many
illustrations of the correlation between fixity in highly symmetrical environment and

radial symmetry.

Van Tieghem made the root a starting-point for study of the symmetry of vascular

plants, and has arrived at a new classification of tissues, involving the morphological

conception of the stele. His views on the subject are now common property of

botanists. His description of the polystelic condition of stems of Pteridophyta and of

certain Sperma^hyta has thrown a new light upon structures which were previously of

a very puzzling nature. Roots, however, show, almost without exception, one normal

central vascular cylinder or stele. Two exceptional forms are recognized and classed as

polystelic, certain tuberous roots belonging to the Cycadacea3 and LeguminosaB respec-

tively ; and with polystelic roots must be classed certain abnormal Palm-roots now to be

described.

The investigation was carried out on material from the collection made by Professor

Bower in Ceylon, supplemented by specimens obtained during the re-potting of Palms in

the Botanic Gardens of Edinburgh and Glasgow.

Thin normal roots of Areca Catechu, Linn., about 2 milLLm. thick, show a central stele

of small diameter as compared with the thickness of the cortex. The proportions are

indicated by PI. XIX. fig. 1. The piliferous layer is, at least in places, cuticularized. The

underlying cells of the cortex are sclerotic, forming an outer zone without intercellular

spaces. Prom this there is a transition to an inner, thicker, more parenchymatous

zone traversed by thick-walled sclerenchyma-cells. The rounded parenchyma-cells have

the usual intercellular spaces between them ; but in addition to these air-passages there

are large radial rifts in the tissue, which extend between plates of cells twelve or even

twenty deep radially. These rifts do not extend inward to the endodermis ; thus the

inmost layers of cortical parenchyma form a zone four or five cells thick, showing only

the usual intercellular spaces. The endodermis is normal, a continuous zone of cells

with stratified, pitted, lignified w^alls, thickened chiefly on the radial, inner-tangential,
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and transverse walls. Thus most of the endodermal cells are thickened on five walls,

but the usual thin-walled cells may he seen in the neighbourhood of protoxylem-groups.

The vascular cylinder is normal, central, and, proportionately to the cortex, small and

concentrated, especially in comparison with thicker Areca-voots. Its conjunctive tissue

is an uninterrupted mass of sclerenchyma ; even the walls of the pericycle are mostly

thick and woody.

The xylem- and phloem-strands have the usual radial arrangement. The xylem-groups

are single and l-shaped or paired, and V- or Y-shaped, with a phloem-group in the fork ;

the significance of this variation will be subsequently referred to. The youngest vessels

of the xylem-groups are large and constitute a conspicuous central ring.

Thicker roots of Ai^eca, say about a centimetre in diameter, can be found, which are

practically normal in structure. In these the cortical zone is relatively less bulky than

in the thinner roots, and consequently the vascular cylinder is proportionately nearer

the periphery. The piliferous layer and enclosed layers of the cortex are essentially the

same as in the thinner roots. The cell-layers towards the periphery are thicker and

more obviously sclerotic. The sclerenchyma-fibres of the deeper cortex are grouped in

strong, definite strands, and the radial rifts are larger and more numerous.

With the large size and peripheral position of the vascular cylinder is associated the

development of more numerous groups of xylem and phloem. These groups are larger

than in thinner roots, yet the difference in size is not sufficient to bring the youngest

vessels so near the centre. The conjunctive tissue is significantly different from that of

the thin root just described. It does not extend to the centre as a continuous scleren-

chymatous mass, but is so constructed as to leave a deeply-fluted central column, chiefly

of parenchyma. Thus the arrangement of tissue is such as to show in transverse section

sector-shaped masses of sclerenchyma united together and traversed by phloem and

xylem proper, some of the phloem-groups being situated at the ends of the radiating

arms of pith. In some sections, traversing the medulla there may be seen isolated

strands of xylem surrounded by sclerenchyma, and sometimes accompanied by strands

of phloem.

Thus far the structure of ^r^m-roots is seen to agree with Mohl's description of Palm-

roots in general. At this point it may be noted that Mohl (' De Structura Palmarum,'
Engl, transl. p. 49) wrote : "the cells immediately surrounding the central body contain

on their inner side transverse fibrous thickenings like many anther cells," describing in

these words the tissue now classified under the name endodermis.

A third type of section may be distinguished which differs from that just described

only in that the vascular mass or stele is not a smooth cylinder or cone, but a longitudi-

nally furrowed column ; conformably with this the endodermis does not appear as a

smooth circle in transverse section, but has a wavy outline ; it is, however, perfectly

continuous.

The kind of structure referred to as type three has been described for the roots of

Iriartea. Mohl (loc. cit., Engl, transl. p. 50) wrote : " In the upper parts of many
palm-roots, e. g. Phcenix, Cocos, fibrous bundles are scattered through the rind, while no

trace of them is found in others. But the rather thick root of Iriartea exorhiza exhibits
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more important deviations. A cross-section of it presents to the naked eye a star

composed of brown lines, with obtuse, mostly bifid, rays. The microscope shows that

this star is formed of crowded vascular bundles. Besides these, scattered vascular
bundles occur singly in the centre of the star, but a central cord, like that of the other
palm -roots, is wanting."

To this Hermann Karsten, who also gives a figure of the root (Die Vcget. Palm.,

plate iii. fig. 3, and p. 63), replied that on comparing the structure described with the

roots of the other Monocotyledons he should not have expected to find a central strand.

De Bary, grasping the relationship, wrote (Vergl. Anat., Engl, transl. p. 362) thus :—
" The roots of Iriartea, finally, which are an inch in thickness, are distinguished from

those last described, first by the fact that their bulky vascular mass is not cylindrical,

but deeply furrowed, having in cross-section the form of a star with about ten blunt and
usually bifid rays ; further by the fact that the radial ring also is divided up into sclercn-

chymatous bundles, enclosing the vessels and phloem-groups, and radial bauds of paren-

chyma, which are sometimes narrow, 1-2 layers in thickness, sometimes many-layered,

and which separate the bundles from one another. Tiie middle of the star also consists

mainly of thin-walled parenchyma, often with lacunae, which is directly continued into

the radial bands of the ring, and in which bundles of sclerenchyma, each containing one

or more vessels and phloem-groups, lie scattered. Inside each sclerenchymatous bundle

the vessels are surrounded by 1-2 layers of parenchymatous cells, those of them which

belong to the ring standing in direct connection with the many-layered pericambium.

An endodermis, which is thickened here and there, appears according to Mohl's figure

to surround the star. Einally, in the entire parenchyma, both of the star and of the

cortex which surrounds it, numerous small bundles of sclerenchymatous fibres lie, each

enclosing in its centre 1-2 thin-walled elongated elements (perhaps sieve-tubes ?). The

xylem-plates in the ring appear short and irregular in cross-section ; their radial arrange-

ment and alternation with the phloern-plates is according to Mohl's figure often

indistinct, though in general to be recognized. The development of the elements, both

in Iriartea (Karsten) and in the roots of Pandanus, begins at the periphery of the ring,

and in general proceeds centripetally. According to all these phenomena, the series of

large roots just described are immediately connected with the type of monocotyledons

as special cases, in which the anatomical difiFerentiation becomes more varied, with the

more considerable size."

A fourth type of transverse section of Areca-xoot may be recognized, in which the

xylem, phloem, and appertinent sclerenchyma do not constitute an undivided column,

but, on the contrary, form distinct masses having the structure and position of the outer

parts of a series of steles, small in diameter. Conformably with this arrangement the

endodermis is discontinuous, and shows as arcs of small circles (PI. XIX. figs. 3, 4, 5).

In a fifth type, in place of some of the portions of small steles, there are entire steles

surrounded by a complete endodermis ; and thus, in transverse section, complete circles

of endodermis, corresponding with the arcs of small circles seen in the fourth type. The

type is, in fact, polystelic (figs. 6, 13).

Between these five types there is continuity of transition. In fact, figs. 2, 3, 4, 5

are diagrams representing transverse sections taken from one somewhat tapering root.

2r 2
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Fig. 5 represents a transverse section cut at a distance of 150 miliim. from the apex.

The incomplete endodermis appearing as small arcs indicates that the structure is that

of type four.

Fisr. 4 shows a stasre in the transition as seen in a section cut 115 miliim. from the

apex.

Fig. 3 illustrates that at 77 miliim. from the apex the structure is simpler and

approximates to that of type three, which has a single endodermis complete and wavy

in its outline.

Fig. 2 was drawn from a section cut 15 miliim. from the apex, where the structure is

another stage in the transition, being practically that of type two.

The root from which fig. 6 was drawn had not attained sufficient length to illustrate

fully the transition between complex and simple structure. However, between two

transverse sections from parts not far separate considerable difference in degree of

complexity could be seen. With a wider field for search a single root might well be

found exhibiting at successive points examples of each of the five structural types which

have just been distinguished for convenience.

This raises the question as to the nature of the histological changes associated with

morphological differences in successive parts of an individual root. Two explanations

offer themselves for examination :

—

1st. Secondary changes may have produced the complex abnormality.

2nd. The apical meristem may have undergone continuous change in its mode of

differentiation. According to the first view an abnormal part was once normal:

according to the second it never was.

The fact that greater complexity is found in the basal older parts, less complexity in

younger apical regions, with continuity of transition, is not at variance with either view.

The histological evidence obtained in the examination of these views is illustrated in

part by PI. XIX. figs. 7, 8, 9, 10, 11, 12.

Figs. 7, 8, 9 are diagrams showing the disposition of tissues in the neighbourhood

of the points indicated by the arrows in the diagrams 3, 4, 5 respectively. Xylem and

sclerenchyma are shaded dark ; phloem and parenchyma, light. Larger vessels of the

wood are shown unshaded and with double contour lines; large intercellular spaces,

unshaded and with dotted contours. Endodermis is represented by a dark line.

Figs. 10, 11, 12 are drawings illustrating in greater detail tissues round the points

indicated by the arrows in figs. 3 and 7, 4 and 8, 5 and 9 respectively.

If, according to the first view, increased complexity results from secondary changes,

modifying dispositions which were simpler when younger, careful observation should

detect histological evidence of such change ; but the only peculiarities noticeable are

such as might be expected from the development of sclerenchymatous masses in the

neighbourhood of parenchyma.

Against this view, then, there is the negative evidence that, hypothetically, changes of

great complexity, seemingly without parallel in any shoot, have been accomplished

without leaving any trace of the process.

Further, there is evidence of a more positive character. The transverse section repre-

m
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sented in fig. 3, cut 77 millim. from the apex, sliovvs about one Iiundred c^roups of

protoxylem
; while a section 150 millim. from the apex (fig. 5) shows more tlian one

hundred and twenty distinct groups ; and cases more extreme could be cited. It is

scarcely conceivable that secondary changes could accomplish this increase of a tissue

like protoxylem-groups.

Thus the first explanation seems to be inconsistent with the evidence from anatomy
and to have no parallel in any shoot. The second view, on the contrary, is consistent with

both lines of evidence. Developmental studies have made familiar the idea of the apical

meristem of a shoot altering its mode of differentiation while forming successively

younger parts. Por example, as regards vascular bundles with their protoxylem-groups,

there is a numerical increase, as the plumule of a monocotyledon undergoes develop-

ment ; and there is numerical decrease in later-formed portions of an axis of Equisetum.

Purther, as regards steles, Leclerc du Sablon has shown that in many ferns, sucli as

JPteris, a series of transverse sections of the same stem shows a change in number. It

is true that in this case the number of steles increases in successively younger portions

;

but there is ultimately reduction to a single stele in Nephrolepis^ and also in Gunnera

and in Primula Auricula, as recorded by Van Tieghem and Douliot.

The following account of the changes in the mode of development of successively

younger portions of complex Areca-roots is true also of roots of certain Palms to be

mentioned afterwards. The changes are in part illustrated in the figures just referred to.

As regards the structure of the apex of these roots seen in longitudinal section, thin

normal roots conform to the triacrorhize type usual in Monocotyledons ; thicker

roots show a structure which would doubtless be described by Van Tieghem as an
" enchevetrement de trois sortes d'initiales," a condition which, from Sachs's standpoint

with regard to the disposition of walls in apical meristems, might well be expected.

In the transverse section of the older part of a root there may be several perfect steles,

each surrounded by a complete endodermis, showing as circles ; and also imperfect steles

showing as arcs. These perfect steles are continued into younger parts in the form of

imperfect steles with incomplete endodermis. Further, the imperfect steles are con-

tinuous with the single central stele of still younger portions, which includes for some

distance isolated vascular strands in its pith.

In the course of the gradual transition to simplicity of structure, Y- or V-shaped groups

of xvlem become l-shaped, as a limb may cease to be developed in the younger portions,

and correlatively the two phloem-groups that flanked the suppressed limb are, in the

succeeding portions, represented by a single strand.

Further, two l-shaped groups of xylem with their surrounding sclerenchyma may be

convergent in the younger portions, thus forming Y- or V-shaped groups with one

surrounding mass of sclerenchyma.

Vascular groups forming the edges of imperfect steles are continued towards the apex

as isolated strands traversing the pith ; these strands consist of xylem and sclerenchyma,

accompanied sometimes by phloem ; they gradually cease to be developed, phloem earlier,

xylem later ; see isolated strand, i.str. in tigs. 9, 8, 7.

The endodermis accompanying each imperfect stele is incomplete as such, merging
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into sclerenchyma ; and corresponding with the continuous change to the single large

stele, there is a gradual change to the complete endoderraal system of the normal root.

The changes just described seem best explained by assuming that in successively

younger portions of the root the apical meristem has continuously changed its mode of

differentiation.

With regard to other Palm-roots examined, roots of Cocos niicifera, Linn., were found

showing, in all essential points, correspondence with the roots of Areca just described;

the sclerenchymatous development was even stronger than that of Areca.

The very thick root of Verschaffeltia splendida, H. Wendl., available for examination

showed an extraordinary degree of complexity represented diagrammatically in PL XX.

tig. 14. The diameter of the diagram is twice that of the root. Pig. 15 shows one of the

perfect steles—the stele indicated by st. in fig. 14 ; the magnification and scheme of

lettering and shading are the same as in jBgs. 7, 8, 9. Pig. 14 indicates, so far as

the very small scale will admit, the result of observations made under the same

magnification as figs. 7, 8, 9.

Hoots of other Palms were examined with the following result :

—

Type Four. Seafortkia elegans, R. Br, [Ptychosperma elegans, Blume).

Type Three. Dypsis, sp.

Euterpe edulis, Mart.

Type Two. Ptychosperma filifera, H. Wendl.

Ptychosperma Cunninghamii, H. Wendl.

Hyophorbe Verschaffelti, H. Wendl. [Areca Verschaffelti, Hort.).

Kentia Fosteriana, F. Muell.

Caryota sobolifera, Wall.

Geonoma pumila, Lind. et H. Wendl.

Corypha australis, K. Br.

Livistona chinensis, R. Br.

Phoenix dactylifera, Linn.

Phcenix sylvestris, Roxb.

As the range of specimens available for examination was very limited, it by no means
follows that the degree of complexity just noted is the maximum for each species in

question.

With regard to the physiological aspect of these various types of root-structure,

reference has already been made to the correlated prevalence of uniformity in structure,

function, and environment among roots ; there remains for consideration the problem of

adaptation in a few of its aspects interesting from the present standpoint.

As a living organ, the root respires and fulfils the special functions of absorption,

conduction, insinuation, fixation. The root of a young plant must perform these and

other subsidiary duties ; and the problem of adaptation is most complex, involving a

combination of delicacy, slenderness, and strength.

A root-system of an older plant, especially one with marked secondary changes, shows
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greater differentiation and integration; and the problem changes as some of the

functions become chief duties of the older parts.

A young root is long and slender, exposing a relatively large surface favourable

to absorption and respiration ; the cylindrical form exhibits this surface on all sides,

and gives the concentration of bulk, which combines strength with a slenderness and

flexibility that facilitates insinuation.

Length of root necessitates an efficient system of transport, in which the passage alike

of crude and elaborated materials is protected from interruption due to bending or to

pressure from without. The pressure which must sometimes act on roots is considerable,

and it is the deeper-lying younger portions that w^ill be most affected ; the growth of

the root itself sets up pressure, and consequent caking of tlie surrounding soil has been

recorded. Against such pressure the relatively thick cortex provides a cushion at once

efficient and flexible. The xylem, by its peripheral position in the vascular cylinder, and

by its centripetal development, is placed as near the absorptive system as is consistent

with safety; at the same time the phloem-strands obtain additional protection from

their sunken position in grooves between the xylem-groups. As regards avoidance of

pressure on the phloem, the advantage afforded by an arrangement in which the phloem

is hidden between plates of woody tissue, as compared with the disposal of the phloem in

a sheath round the xylem, is well illustrated in the structure of many climbing stems,

where, as in the case of roots, the risks arising from lateral pressure are serious ; thus, for

example, in several AscLepiadacea^ and Apocynaceae the phloem-strands are sheltered in

peripheral grooves of the wood.

This advantageous arrangement is seen even in some of the abnormal roots of Lycopo-

dium and of Ophioglossum, where the xylem takes the form of a crescent enclosing a

phloem-group ; but it is most apparent in polyarch roots.

Simultaneously, this arrangement safely and inexpensively meets strains due to

tension ; for there is a concentration of the more resistant tissues into a central strand
;

thus also the centripetal development of the xylem affords the further advantage of

adding more woody tissue as greater demands are made on the young root. This

tendency to concentration of woody tissue is seen in the rarity of a parenchymatous

pith : either the xylem-plates approximate towards the centre, or the conjunctive tissue

is largely a sclerenchymatous matrix for the vascular strands.

Such is the scheme of construction in a normal root unaffected by secondary clianges,

which attains a compromise between such incompatible conditions as exposure of surface

with concentration ; slenderness, flexibility, and delicacy with strength ; together with

due prominence of structures requiring shelter.

In plants having a secondary thickening, the function of mechanical support is under-

taken by fit increase in older parts which no longer require to perform the duty of

insinuation.

Loss of liquid in transport is hindered by the relative decrease of surface consequent

on increased diameter, and further by the development of cork, the duty of absorption

now^ devolving on younger parts of the root. The concomitant loss of facilities for

respiration is compensated by the formation of pneumatodes, such as lenticels.
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Scliwendener and his school have shown that, while concentration of the mechanical

tissues into a central strand adapts an organ to withstand tensions, a more peripheral

position is advantageous in resisting bending ; and Warming and G. Karsten have illus-

trated this by showing the correlation between stem-like function and stem-like structure

in adventitious roots of Rhizophoracese.

Thus in roots w^ith cambial developments there are changes amounting almost to a

reconstruction on a different plan, together with a redistribution of duties. On the

other hand, the Palm-roots in question undergo no such reconstruction, and the plants

depend on having their earlier root-system supplemented and replaced by an adventitious

system. The older roots are not altered : they are replaced by new and suitable roots.

Of this nature are the complex roots at present under consideration. While the root of

an oak begins thin and gradually grows thick towards the base, the roots in question

begin thick, and grow thin towards the apex. In general there is a correlation between

the presence of cambial growth and the absence of polystelic increase ; here there is a

bulky primary polystelic development and a gradual return to normal root-structure.

The figures show that the vascular system lies proportionately much nearer the

periphery than it does in a young normal root : with this may be compared the dispo-

sition, similar from a mechanical standpoint, attained in other plants through secondary

thickening. But the mechanical tissue is disposed centrally as well as peripherally, after

a fashion which Schwendener and Haberlandt have shown enables an organ to withstand

either flexion or tension. The sclerenchyma-strands previously mentioned are well fitted

to resist such tensions. The peculiar disposition of the tissues comes out very clearly in

the root of Vei^scltaffeltia previously referred to and illustrated diagrammatically in

PI. XX. figs. 14 & 15. While capable of resisting flexion, the structure seems best

adapted for resisting tensions as a rope would. The roots seem, on the whole, more of

the nature of stays than props ; but at first, before they have firmly fixed themselves in

the ground, they must be mainly props.

As successively younger portions of the root are developed, the mode of differentiation

of the meristem continually changes ; the root anticipates its entry on normal environ-

ment and duties, and assumes normal root-structure. In this condition there is the

relatively thick cortex, more or less sclerenchymatous, and possessing the strong endo-

dermis, one of whose functions Schwendener has shown to be mechanical. The main
mass of sclerenchyma, however, is the conjunctive tissue of the vascular cylinder,

including the large pith.

Prom the observations thus described it will be seen that certain roots may show the

unusual condition of a polystelic structure : further, that in an individual root there is a

transition from a polystelic condition, through various stages previously mentioned as

types, to normal monostelic form, with concentration of the mechanical tissues into a

central strand adapted to withstand the strains to which roots are usually subjected.

The large radial rifts pre\iously mentioned form an aerating system; their presence

and size are to be correlated \a ith the large bulk and relatively small surface of the

roots, together with the continuity of the peripheral zone of sclerotic tissue uninter-

rupted by such openings as lenticels.
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Warming has described a system of intercellular spaces in the aerial roots of Rhizo-

phora Mangle, Linn., to which he ascribes the function of helping to float the young

plants ; and shows that these spaces are kept distended by the presence in them of

branched cells [trichoblasts), and that in this way collapse due to the heat of the sun

may be avoided.

G. Karsten makes further mention of such intercellular spaces in the Rhizophoracea?,

and recognizing their function calls them "pnemnatophores." In this he coins a word

having analogy with the term "pneumatode," which Jost has applied to all openings of

the nature of lenticels or stomata. G. Karsten mentions Palms also in which pneuma-

tophores occur. In the case of the Palm-roots in question, there are no trichoblasts, and

the duty of keeping the spaces open can scarcely be ascribed to the sclerenchyma-strands.

On the other hand, it must be noted that the spaces are very much larger than those of

the E/hizophoraceae ; and, further, the peripheral sclerotic ring previously mentioned

guards against collapse. Similarly, as G. Karsten has shown, a woody ring aids in

preventing obliteration by compression in the case of the Rhizophoracese. It may be

that the development of sclerenchymatous strands or trichoblasts leads up to the forma-

tion of the intercellular spaces associated with them.

There remains to be pointed out the surprising increase of facility for movement of a

body of air due to even a slight increase in diameter of a pneumatophore. Fluids,

whether liquids or gases, have, owing to their viscosity, a different mode of flow in wide

and in narrow channels. The speed with which a body of fluid can be transferred through

a capillary tube increases as the fourth power of tlie tube's diameter. As it is evident

from the work of Clerk Maxwell and others that this is true for gases as well as liquids,

the advantage of increase of diameter of the pneumatophores is obvious.

In the Palm-roots examined nothing of the nature of pneumatodes was discovered.

This finds a parallel in G. Karsten's observation that while other Hhizophoraceoe have

pneumatodes in the roots, especially at places of branching, species of Ceriops have none

in the root, but have them on the stem close to the ground.

It is not likely that, in the case of such roots springing from a monocotyledonous stem,

the stem-system of pneumatophores could be separate from the root-system ; but as the

material for the present investigation did not include stem, it was not possible to test

the continuity.

The foresxoino: considerations lead to the followinsr conclusions :

—

Aerial roots from several species of Palms are polystelic in their older thicker parts,

and there is a continuous transition to normal monostelic structure in their younger

thinner parts.

This difference in structure is due to a continuous change in the mode of differen-

tiation of the apical meristem.

The whole structure of the older aerial parts is such as to fit them for withstanding

both pressure as props or tension as stays ; while the thinner subterranean parts are

normal in conformity with the normality of their functions and environment.

In correlation with the bulk of these roots, and the absence from them of pneumatodes,

there is a conspicuous formation of pneumatophores.
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EXPLANATION OF THE PEATES.

end., endodermis ; i.sp., intercellular space; i.sir., isolated strand; p., phloem ; l.r., lateral root

;

scl., sclerenchyma ; st., a complete stele ; v., vessel of the wood.

Plate XIX.

Figs. 1-6, Diagrams illustrating various types of transverse section of Areca roots ; tliese types are

distinguished merely for convenience, as there is perfect continuity of transition. The lines

end. represent the endodermis, and with the aid of figs. 7-9 give an indication of the general

disposition of the vascular system. X 1^ diam.

Fig. 1. From a transverse section of a normal subterranean root of Areca, showing continuous endo-

dermis and concentrated vascular cylinder.

Figs, 2-5. From sections of the same, somewhat tapering, aerial root of Areca. The arrows indicate

corresponding points.

Fig. 2, From a section 15 millim. from the apex; the vascular cylinder is more bulky, and relatively

nearer the periphery than in fig. 1 ; the endodermis is almost circular in outline and is

continuous.

Fig. 3. From a section 17 millim. from the apex; the outline of the endodermis is markedly not

circular and is discontinuous at several places ; it is, however, continuous at the point indi-

cated by the arrow ^ (see figs. 7 & 10).

Fig, 4. From a section 115 millim. from the apex ; the endodermis is more markedly abnormal in out-

line and more discontinuous ; at the point indicated by the arrow, the endodermis is almost

discontinuous (see figs. 8 & 11).

Fig. 5. From a section 150 millim. from the apex; the endodermis shows even more marked abnormality

in outline and greater discontinuity ; it is quite discontinuous at the point indicated by the

arrow (see figs. 9 & 12).

Fig. 6, Diagram of a transverse section of a thicker aerial root of Areca, showing greater complexity of

structure; a small complete stele {st}j is indicated by the continuous eudodermal outline.

This stele is drawn in greater detail in fig. 13.

Figs, 7-9. Diagrams to illustrate the disposition of tissues in the neighbourhood of the points indicated

by the arrows in diagrams 3-5 respectively ; xylem and sclerenchyma are shaded dark
;
phloem

and parenchyma, light ; large vessels of the wood are shown unshaded and with double contour-

lines ; large intercellular spaces, unshaded and with broken contours ; endodermis is repre-

sented by dark lines ; i.st. is an isolated strand traversing the pith, x 25 diam.

Figs. 10-12. Drawings illustrating in greater detail the tissues in the neighbourhood indicated by the

arrow in figs. 3 and 7, 4 and 8, 5 and 9 respectively ; dots in cells indicate that they belong

to endodermis. X 200 diam.

Fig. 10 shows the endodermis continuous ; the cells are young, and their walls not much thickened.

Pig. 11 shows the endodermis merging into sclerenchyma and almost discontinuous.

Fig. 1 2 shows the endodermis quite discontinuous.
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Plate XX.

Fig. 13. Drawing from a transverse section of the small stele [st.) indicated in fig. 6; the cells of the

endodermis are shown in their relation to the ueighbouring cells of the cortex and of the peri-

eycle; other features are indicated as in fig. 7. X 100 diam.

(In the absence of an objective possessing simultaneously field and magnification sufficiently

great, this figure was obtained thus : a set of camera-lucida drawings was made under a

magnification of 294 diameters; these sections Avere then accurately fitted together; a tracing

was then made and the whole revised; that drawing has been reduced by the lithographer to a

magnification of 100 diameters.)

Fig. 14. Diagram representing a transverse section of a thick root of Verschaffeltia ; many incomplete

and several complete steles are indicated; the complete stele {st.) is the one shown in fig. 15
;

large vessels of the wood are indicated by small circles, x 2 diam. (The drawing was

checked by observations under a magnification of about 60 diameters.)

Fig. 15. Diagram to illustrate the disposition of tissues forming the stele [st.) in fig. 14; scheme of

shading and lettering as in fig. 7. X25 diam.
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VII. On some Points/ in the Morphology and Anatomy of the Xymphncacejc. By D. T.

Gwynne-Vauohan, B.A. Cantab. {Communicated by D. 11. Scott, F.R.S., F.Z.S.,

Hon. Keeper of the Jodrell Laboratory ^ Royal Gardens, Keio,)

(Plates XXI. & XXII.) ,;

Read 18th February, 1897.

Morphology of the Leaf

oOME time ago the rliizomc of a mature plant of Victoria regia and also a number

of young seedlings of the same which had been grown in the Royal Gardens, Kew, were

placed in my hands ; and I spent some time under the direction of Dr. Scott, for whose

valuable advice and supervision throughout X have every reason to be grateful, in

examining the material thus placed at my disposal. In the course of this examination

various points of such interest came into view as to lead to the investigation of other

plants of the same order for the sake of comparison. Some of the results obtained

thereby I have ventured to detail in this paper.

In dissecting away the growing-point of the mature rhizome some of the earliest

stages of the adult leaves were disclosed, and since I have not met with any figures

of the well-known leaf in its young state, three of them are represented on an enlarged

scale in PL XXI. figs. 1, 2, & 3.

The smallest leaf figured is about 1'5 mm. long ; and here it may be seen that the

rudimentary lamina stands erect and broadly based on a short, stout support, the future

petiole, the extension of the lamina below the point of insertion being much less than the

extension above it. So the petiole is inserted excentrically, and the general outline of

the lamina is ovate and not orbicular. The sides of the lamina are raised up like those

of a bowl, the edges being rounded off owing to the fact that they are slightly curled

inwards, although the involute prefoliation which is a characteristic of the young leaf in

its later stages is not nearly so prominent in the earlier ones.

The apex tapers to a blunt point slightly incurved, and differing but little, if at all, in

texture or appearance from the rest of the leaf—quite otherwise than what might be

expected from the case of Luryale ferox. Judging from a plate of that plant given in

the ' Flore des Serres et des Jardins de I'Europe,' illustrating a description written l)y

Planchon, the general appearance of an early stage of an adult leaf is closely similar

to that described for Victoria regia ; on the other hand, the apex takes the form ot a

broad terminal lobe folded over on to the ventral surface like a hood, being almost free

from prickles, and not partaking in the involution of the rest of the leaf.

In view of the suggestion put forward by Baillon with regard to the differentiation of

the pitchers of Sarracenia, Nepenthes, &c., that they were derived by an extreme

SECOND SEEIES.—BOTANY, VOL. V. 2 T
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exaggeration of the peltation of such a bowl-shaped peltate lamina as that of Nelumbiunit

the operculum representing a portion of the lamina unaffected by the peltation, this

hood or terminal lobe of the young Euryale leaf might well be compared with the

operculum of a pitcher. The great similarity between the early development of the

pitchers and of peltate leaves, such as those of Victoria and NeluniUnm^ also tends

to show that a comparison between the two is not altogether fanciful.

The methods of origin of a piicher on the one hand, and of a peltate lamina on the

other, as respectively described by Bovver* aad Treculf are fundamentally identical.

The first indication of each is the appearance of a shallow depression on the adaxial side

of the leaf-rudiment, just below its apex ; which depression is caused by the slow growth

of a central area relative to that of the regions surrounding it. A single point of

difference is that in Nelumhium the growth of the region at the base across the summit

of the petiole is for a time delayed, so that, to begin with, the central depression is but

incompletely surrounded by a horseshoe-shaped emergence instead of a complete annular

cushion. However, the delayed region soon takes up a more rapid growth, joining the

two arms of the horseshoe transversely across the summit of the petiole ; then the whole

grows out into the peltate lamina.

Prof. Bower has shown (/. c.) that the operculum of the pitcher is at first a two-lobed

structure, which he regards as representing two pinnae congenitally coalescent across the

adaxial surface of the leaf. It is known that in certain peltate leaves, as in ILydrocotyle

vulgaris % and in Tropceolum majus (Trecul, I. c), the earlier stages are seen to be very

distinctly lobed with a terminal unpaired lobe. With this fact in view, it becomes easy to

suppose that in the pitchers, themselves originating in a lobed leaf-rudiment, the upper

pair of lobes may remain free from the peltation of the rest of the leaf, to form an

operculum in the manner described by Prof. Bower, while the terminal lobe grows out

into the spur found at the point of the insertion of the operculum on to the pitcher on

the dorsal side.

The prickles and spines which beset the under surface of the adult leaves of Victoria

re(jla are also clearly visible on young leaves which have attained a length of about

5 mm. Before that size is reached, although the petiole and the lamina with its principal

veins are already clearly developed, the prickles are not yet visible. They first make
their appearance as little rounded projections on or near che midrib, at the points where

the lateral veins join on to it, the midrib being at this stage by far the principal vein in

the leaf. Most of the larger prickles are traversed by a narrow strand of vascular tissue,

and they are said by Trecul § to terminate in a " pore " or " ostiole " which opens below

into a small cavity. My observations, however, entirely confirm those of Mr. Blake

(Ann. Bot., i. p. 71), who failed to find any trace of this pore. I noticed, however, that

if the tip of one of these prickles be viewed directly from above, the rounded terminations

of a number of cells which are arranged in a ring around a central one give an aj)pearance

* Ann. of Bot., vol. iii. p. 239. t Ann. des Sc. Nat., at-r. 3, vol. xx. p. 2GL

t Goebel, Schenk's ' Handbuch dcr Bot.,' Band iii. late Hiilfte, p. 234.

§ Ann. des Sc. Nat,, ser. 4, torn. i. p. 156.
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not unlike that figured by Trecul ; and in tlie absence of any sections of the prickle may
have led liim to look upon it as bearing an actual pore.

Van Tieghem considers the prickles to be homologous with those on tlie surface of the

leaves of certain varieties of Ilex Aqiiifolium, or with the tentacles of Drosera.

The method of growth of the leaves of Victoria regia has been fully described by

Planchon in his monograph on this plant, although he gives no figures attached.

At the base of each mature leaf on its ventral side there lies a membranous scale,

curving aAvay from the leaf to Avhich it l)elongs, and sheathing all the younger structures

in the bud (PI. XXI. fig. 4). It is formed by tlie fusion of two stipules along their inner

margins on the adaxial side of the leaf. The first or tirst two leaves of the seedling

have no such axillary scale, but their bases are siiglitly winged by two small lateral ap-

pendages, which probably represent the free lateral stipules found in certain Nympha^as,

N. zanzibariensis &c. (fig. 5). The intrafoliar scale of Nclumhium is probably derived in

the same way as that of Victoria,

The embryonic leaves of the seedling are quite different in appearance from the adult

leaves of the mature plant, and they show, by an interesting series of gradations, a

progressive change from an acicular primordial leaf (or petiole only, according to

Trecul) to the peltate form of the mature plant. The exact form of corresponding

leaves in different seedlings varies considerably. However, the first leaf is always found

to be acicular. The second possesses a lamina, usually elongate-lanceolate, sometimes

wdth two small hastate lobes at the base. The third (fig. 6) varies from elongate-hastate

to deltoid-hastate, the auricles are widely divergent, and at the base of the lamina, just

above the insertion of the petiole, there is invariably a little pocket or pouch on its

adaxial side, which appears to have been formed by the fusion of the auricles at their

bases across the adaxial surface of the leaf. The fourth (figs. 7 & 8) is the first that

bears spines, and that shows itself to be distinctly peltate. It is the first swimming leaf,

and has a lamina oval in outline with a subacute apex ; there are two auricles at the

base which do not diverge, but lie more or less close together, thus making the leaf

sagittate. The fusion between them at their bases is here carried much further than in

the previous leaf ; in fact, they are fused together for about a third of their whole length

from the point of insertion of the petiole, the line of fusion being followed by a small

vein. So the final form attained by this leaf closely resembles that of the adult leaves

of many NympliBeas, N. Lotus, gracilis, delicatissima, &c., in which the fusion of the

auricles is never carried any further. In Victoria regia, on the other hand, the

succeeding leaves become more and more orbicular in outline, and the auricles become

fused along a successively greater part of their length until the final form of the adult

leaf is attained.

As previously stated, the leaf of the mature plant owes its peltation to the formation

of a zone of growth across the summit of the petiole on the adaxial surface of the leaf,

which by its activity forms a mass of tissue joining together two parts of the lamina

previously separate and distinct. Hence it would appear that the leaf of the mature

plant passes in its youth through stages which are quite parallel to those permanently

retained by the embryonic leaves. Thus, the tliird leaf of the embryo may be regarded

2t2
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as the first in which the transverse zone appears at all; its activity being as yet but

little marked, the structure arising from it is correspondingly minute. Whereas in the

fourth and succeeding leaves the duration of its activity and the results obtained thereby

become more and more considerable. So, in this case at least, it may be said that the

ontogeny, if it may be so termed, of a single leaf of the mature plant repeats, in some

degree at any rate, the true ontogeny of the leaves of the plant as a whole—that is to

say, it repeats the developmental stages of the embryo.

The embryonic leaves of NymplKBa and Nuphar pass through a series of stages some-

what similar to those of Victoria until a more or less sagittate form, is reached. In many

species no further advance is made, the auricles remaining practically free throughout

(Nymphcea pygmcea, N. stellata). In others (those mentioned above) they fuse together

to about the same extent as they do in the fourth leaf of Victoria.

The adult leaves of Barclaya show a still simpler form, being elongate, strap-shaped,

and slightly auricled. After consideration of the above gradations they might perhaps

be held as approximating to the ancestral leaves of the NymphcBocecc in their form.

With regard to its embryonic leaves, Kelumbiiim signalizes its distinction from the

other NymphceacecB by the fact that the first leaf is not acicular, but it and the succeeding

leaves closely resemble in miniature those of the mature plant.

Anato7ny of the Ilature Uliizome.

The chief feature in the structure of the rhizomes of the NympliccacecB is the astelic

arrangement of their vascular bundles, and in most cases a second very prominent

characteristic is occasioned by the almost indescribable confusion and complexity

presented by these ])undles in consequence of the exceedingly irregular courses they

pursue and the intricate anastomoses they undergo. This complexity is found at its

maximum in the rhizomes of Victoria and Nym'phcea. Tlie vascular bundles are for the

most part massed together in the central region of the rliizome, where they run indis-

criminately in all directions and without any attempt at order, the utmost diversity also

being exhibited in their orientation. On the outside of this central region there lies a

belt of continuous parenchyma comparatively free from vascular bundles, traversed only

by those passing outwards from the central mass towards the exterior. Another narrow

zone of tissue of exactly the same nature lies immediately below the surface of the

rhizome. Finally, between these two there is a broad belt of "cavernous tissue"

[cf. Henfrey, Phil. Trans., 1852, pp. 289-294). The latter is formed by a number of

large lacunae filled up with spongy masses of very loosely packed cells, and separated

from each other by supporting plates or laminae of continuous tissue connected on

either side with the previously mentioned zones of firm parenchyma.

Those species in which the rhizomes remain throughout comparatively small, snch as

^ymplidea Jlava, show, in accordance with the diminution in the number of bundles

present, a corresponding decrease in the complexity of their arrangement. Further, in

this species and in Is. tuherosa it is noticeable that almost all the inner bundles are

oriented in the same direction, i. e. inversely; many of them having their xylcms

confluent with those of the outer normally oriented bundles. Differences are in
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particular to be observed in the sharpness of the delimitation between the central

vascular region and that surrounding it, although in no case is any appearance presented

that might be regarded as a central cylinder. This distinction is least apparent in

the Nymph seas, indeed it is scarcely to be observed at all in N. alba and 3^. blanda;

whereas in Victo7'ia regia it is very clearly defined, owing to the fact that the vascular

elements at the periphery of the central mass constantly run in certain definite directions,

forming thus a zone continuous but for interruptions due to the outward passage of

traces to the leaves &c. The outer components of this peripheral zone are found to be

groups of phloem elements running around the central region in obliquely horizontal

directions, like so many hoops or girdles. Next within come a number of more or less

separate vascular bundles (or sometimes grouj)s of tracheides only), the elements of

which run almost vertically. Pinally, there is often another inmost system of tracheides

running almost horizontally, although this last is frequently absent.

The rhizomes of the Nuphars differ from those of the Nymplia?as, and from that of

Victoria regia, principally in the absence of that "cavernous zone" described above.

On the contrary, the ground-tissue is homogeneous throughout, and consists of a spongy

lacunar parenchyma with large intercellular spaces which decrease in size as the periphery

is approached. Again, the vascular bundles are not so confused ; a greater jiroportion of

them run vertically, especially in the peripheral regions, where certain of them are

arranged in a very irregular ring, on the outside of which the ground-tissue is traversed

by the small leaf-traces only. Most of the vascular bundles have their xylems turned

towards the centre, although some are turned in various other directions. Some again

run singly and separately in the ground-tissue, but the majority are fused together by

their confluent xylems into groups of from two to four. These groups are due to the

fact that the bundles in the course of their anastomosis very often run together and

very closely applied to each other for some time before separating again.

In Cahoniba aquatica, whether in the comparatively short internodes of the sympodial

rhizome or in the elongated ones of the floating shoots, the structure, on account of its

great simplicity, is very difi'erent in appearance from that described in the above genera.

There are only two pairs of bundles present. In the rhizome tlie bundles of each pair

are situated almost exactly facing each other; in the floating shoot each is placed along

one arm of a V, the apex of which is occupied by a canal representing the disintegrated

xylems of the pair. At every node a leaf-trace arises from each pair, being formed by

the fusing together of two branches, one from each of the components of the pair. At

the same time the two bundles of each pair separate and travel horizontally round the

stem in opposite directions to meet the corresponding bundles from the other pair, with

which they fuse to form the two pairs for the next internode.

With regard to Nelumbium speciosimi, the rhizome possesses, in its elongated internodes,

a large number of vascular bundles arranged in several concentric circles and running

quite vertically. They are all directly oriented, except the members of the third

and fiftli inmost circles, which are all inverse. In the outer circles the 1bundles are

undoubtedly free and sejmrate from each other, but the twelve which form the inmost

ring's of all are held by Van Tieghem to constitute a central cylinder surrounded by a
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common endodermis *, although this could not be decided from the young seedlings

examined by me. In the nodal regions, which, according to Trecul t, represent four

successive nodes Avith their internodes contracted to obliteration, the bundles of the two

inmost circles branch and anastomose in an extremely complicated manner, as has been

described by Wigand in the ' Bibliotheca Botanica,' vol. ii. Heft 11.

It seems to me possible that the intense complexity of the arrangement of the bundles

in Victoria, Wymphwa, and l^wpliar may have been derived from a simpler structure

previously existent in a stem wdth longer internodes, as a result of the contraction

and elimination of these internodes in consequence of the adoption by the stem of

a rhizomic habit.

Anatomy of the Seedling,

The arrangement of the vascular tissue in the young seedling of Victoria regia is, on

the whole, very similar to that in the mature rhizome, but the limiting zone of the

central mass is more prominent, and is separated off from the irregular bundles lying

wdthin it in a much more decided manner, because the position of the inmost system of

horizontal tracheides which are usually present in the mature rhizome is here occupied

by a corresponding belt of parenchymatous cells. It becomes quite clear in the seedling

that the bundles which supply the leaf-traces are derived from the internal vascular mass,

whereas those which eventually supply the roots are derived from the limiting peripheral

zone. Passing further dow^n still in the seedling stem the central mass decreases steadily

in size, particularly with regard to its internal irregular constituents, so that the bundles

of the peripheral zone become relatively more conspicuous still. Nevertheless these also

decrease in number until a point near the insertion of the first leaf is reached where only

four of them remain. At this point also only a few of the tracheides of the internal

vascular tissue persist. Pinally the four peripheral bundles unite to form two, which

are placed in the epicotyl exactly opposite one another, so that their xylems are confluent

in the centre with the remains of the internal tracheides, if, indeed, any of these are still

present. Stating these facts from another point of view, it may be said that the transition

from the narrow epicotyledonary stele to the structure found in the mature stem takes

place in Victoria in a manner quite similar to the same proceeding in an ordinary

monostelic plant. The bundles of the epicotyledonary stele subdivide so as to form a

number arranged in a ring around a central pith. So, for some time at any rate, the

young seedlin-*, is undoubtedly monostelic, having a single central cylinder with a

common endodermis surrounding it; the presence of the latter being, under suitable

treatment, clearly demonstrable even so far up as the fourth leaf. But in Victoria regia,

above the insertion of the first leaf, this central cylinder at the same time undergoes

great modifications from the appearance in the medulla of an ever-increasing amount of

vascular tissue. Concurrently with this the central cylinder itself becomes more and

more expanded, irregular, and broken up, until in the mature rhizome its limits are quite

unrecognizable as such.

* Bull. Soc. Bot. de Pr., vol. xxxiii. p. 75. f Ann. dee Sc. Nat., ser. 4, torn. i. p. 296.
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The seedling of Nymplicea zanzibariensis also is at first monostelic, and for about the

same distance upwards as in Victoria regia, but the transition from the stele of the

epicotyl into that of the internode immediately above takes place in a different manner.

The epicotvledonary stele is exactly similar to that of Victoria, and the two bundles

w^hich it contains as they pass upwards increase in size and subdivide ; however, the

several bundles thus formed do not separate from one another, but remain with their

xylems confluent. Hence, although there is for a time a single central cylinder with a

common endodermis, the bundles do not become distinct and arranged in a ring around

a medullary region as they do in Victoria, Therefore the central cylinder must always

be very slender, and any further extension to meet the increase in diameter of the stem

has to be provided for by a complete separation of the bundles. This will also account

for the absence of a peripheral zone around the central vascular mass in the mature

rhizome of this genus.

The structure of the seedling of Nelumhium speciosum is widely different from those of

Victoria and Nymphcca, and is particularly remarkable for the large number of vascular

bundles exhibited in the ej^icotyledonary internode. There are some 20-30 of them

arranged in concentric circles, much as in the internodes of the mature rhizome,

from which the chief differences are, that in the epicotyl the bundles are fewer, and

that the two circles of inverse bundles are absent. The second internodal region has a

structure almost identical with that of the mature rhizome.

It is a remarkable fact that in the seedling of ^elmnhium an almost complete absence

of primitive features is met with both in the leaves and in the stsm. Moreover, the

primary root is completely abortive and never escajies from the seed-coat. The

precocity with which this plant assumes its definitive form stands in strong contrast

to the gradually i)rogressive stages exhibited by the other members of the order.

Apical Meristem.

I have not been able to obtain preparations of the apex of a mature plant oi Victoria

regia, but microtome series of that of Nymphaca tuherosa, prepared by Dr. Scott, show

clearly that the apical cone is entirely composed of a number of homogeneous meri-

stematic cells, no desmogen strands appearing therein until considerably lower down,

Avhere they are developed in an entirely indiscriminate manner. Nothing resembling a

plerome is at any time to be discovered. I have also found a very similar state of

affairs in Cabomba aquatica. The apex of the floating shoot has the frSm of a small

rounded cone composed of rather large meristematic cells, among which no sort of

differentiation is exhibited, until, at a point lower down, the procambial rudiments of

the two vascular strands appear on opposite sides of the stem.

On the other hand, in the young seedlings of Victoria regia and of Nympha-a zauzi-

bariensis, taken while yet barely out of their monostelic stage (PL XXI. tig. Oj, the

meristematic tissue of the apical cone itself is continued down into the stem as a central

column or cylinder of very similar meristematic cells, in which, later on, desmogen

strands make their appearance. In the case of the Nynipluca they are irregularly scattered

throughout it ; in Victoria those situated at the periphery seem to be the first developed.
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So that, although there is no separation of plerome and periblem in the apical cone itself,

a little lower down in the young stem such a distinction becomes evident.

Insertion of the Adventitious Moots.

In the several genera examined by me, and probably throughout the w^hole order, the

rhizomes are beset with adventitious roots springing- in clusters from the bases of the

petioles. In NeliimUiim they are present at the base of every leaf, so also, the first or

acicular leaf excepted, in VicfoiHa, Nymphma, and Nupha7\ The number of roots

belonging to each cluster varies considerably, being greatest (15-20) in the mature

rhizome of Victoria (PL XXI. fig. 10); on the other hand, in Nymphcea and Nuphar

each group contains from 3 to 7 only.

These roots are given off from certain vascular b^lndles especially set aside for that

sole purpose, which are separated off from the central vascular mass, and run apart

from it in an upward direction in the outer region of the rhizome into the dorsally

protuberant bases of the petioles, W'here they lie on the outer side of the leaf-traces

(fig. 11).

That certain bundles were thus set aside for the express purpose of bearing the

adventitious roots was observed by Trecul in Nuphctr luteum in 1845 *, in Victoria

regia by Henfrey in 1852 f, and in JSeli(^mbium speciosum by Wigand in 1871 J. I

have further discovered that the different species show interesting variations in the

manner in w^hich these bundles are arranged. Eor instance, in Victoria regia (fig. 12)

all the root-bearing bundles belonging to the same leaf-base are grouped togetlier so as

to form a structure having the appearance of a definite and distinct stele, consisting of

a number of vascular bundles, usually about 20, arranged in a complete ring, with the

phloem groups well marked and generally distinct from each other, while the xylem

elements form a more or less continuous ring wdthin them. Other xylem elements are

scattered throughout the central parenchyma of the stele, so that no definite medulla is

distinguishable (fig. 13). The xylem is centrifugally developed, although, since it is

entirely composed of long pointed tracheides, longitudinal sections are necessary to

settle this point. The whole stele is surrounded by a clearly marked endodermis. This

stele bears the adventitious roots in acropetal succession on its outer side, while it itself

terminates in the youngest root or roots.

Owing to the delay in the further development of the adventitious roots after their

first formation they possess pedicels of a considerable length, and do not obtain individual

cortices until they have reached the extreme periphery of the leaf-base, where the point

at which they do so is marked in each root by the presence of a hemispherical transverse

diaphragm formed by a layer of small closely packed cells. These diaphragms enable

the roots to be broken off the stem, leaving behind a clean-cut scar and not a tear. In

appearance the pedicels resemble the structure of a stem stele much more than that of a

root (fig. 14). They have a ring of several indistinct groups of phloem, and wdthin this

an almost continuous ring of xylem elements surrounding a small medulla ; the whole

* Ann. des Sc. Xat., se'r. 3, tome i. p. 293 et seq. t Ptil. Trans, 1S52, p. 289 et seq.

X Botaniscbe Zeitung, No, 48, p. 821.
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appearing perfectly collateral. However, at the point where the root first obtains its

individual cortex, groups of small xylem elements are seen lying between the pliloenis,

and at the same time the xylem underlying the phloems disappears, so tliat at this point

the typical root-cylinder is established. In Nf/mphcpa, where tlie roots are fewer to each

cluster, the root-bearing stele is smaller and more irreguhir than in Victoria, it is also

considerably shorter. It runs at first almost horizontally outwards, and does not turn

upwards until it has given off the first, i. e. lowest root. The pedicels here attain the

appearance of a normal root cylinder shortly after they leave the root-bearing stele and

before they possess individual cortices. In perfection of structure the stele formed by

the root-bearing bundles varies with the species. Thus, in Ni/mphcea alba and

N. tuberosa the 10-12 vascular bundles are arranged throughout their course in a

complete and w^ell-formed stele, essentially similar in all points to that of Victoria regiu.

In N.flava the stele is much smaller, containing al)out 6 or 7 bundles only, and it is at

the same time to a certain extent incomplete, for the phloem groups are very scanty or

altogether wanting on the inner side, especially in the lower portion of the stele. In

N. blanda a stele, as such, can scarcely be said to exist at all, the several root-bearing

bundles pass out from the central mass distinct and separate from each other. They

become arranged in a semicircle, and later fuse up laterally to form a continuous arc,

finally to form a more or less imperfect stele as in N. flava. In this respect Nymphoin

blanda makes a close approach to the condition observed in the Nuphars {N. advena and

N. hiteum), where the root-bearing bundles, some 10 in number, also pass out from the

central vascular mass separately, and very soon tuse together into an irregular band or

arc of greater or less curvature, sometimes almost a complete circle. A segment of this

arc becomes separated off to supply the first or lowest root ; the ends of this smaller arc

immediatelv grow round to meet each other, and form thus a complete ring, so that the

pedicel has at its base the strange appearance of a ring of vascular bundles surrounding

a pseudomedullary mass of ground-tissue with both an external and an internal endo-

dermis. This structure is retained even after the vascular bundles have taken up

the radial arrangement typical for a root stele, which they do long before the root

attains a cortex of its own. As the pedicel contracts to form the narrower cylinder of

the root itself, the pseudomedullary tissue and the internal endodermis gradually

disappear. After the departure of a root the remaining portions of the arc of root-

bearing bundles either fuse up again as before, or form separate groups until the next

root is to be given off, when the same proceeding is repeated.

In Cabomba and Nelumbium the rhizomes bear adventitious roots in the same manner

at the nodal regions on special steles, which pass directly outwards, but only reach a

short distance before they break up into an umbel of roots all springing from about the

same point.

In Cabomba aquatica it appears that only the sympodial rhizome bears roots : the

floating shoots bear no roots at all. The comparatively stout stele is very short, and

consists of a mass of xylem elements scattered in the central conjunctive tissue, and

surrounded by a narrow ring of phloem, in which separate bundles can hardly be

distinguished.

SECOND SERIES.—BOTANY, VOL. V. 2 U
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The Occurrence of Folystehj.

During the progress of these investigations my attention was directed by the Curator

of the Gardens, Mr. Watson, to certain remarkably elongated stolons or runners borne

laterally on the rhizomes of Ny7nphcea flava. They are found below the surface of the

soil, and are evidently produced in order to ensure the survival of the plant through

those seasons of the year which are unfavourable to its continued growth, and at the

same time to increase the number of individuals. Similar functions are performed by

the laterally produced tubers in Kymph(Ba tuherosa.

The stolons of J^, flava attain a considerable length (30-40 cm.), and are slightly

thickened at their terminations, where they bear a number of short tuberous starch-Jaden

roots on their under surface, and on their upper surface a number of buds protected

by scale-leaves (PI. XXII. fig. 15). In these stolons the vascular bundles are arranged

in 4-5 widely separated groups lying in a uniformly lacunar ground-tissue, with a

rather abruptly marked off hypodermal zone of continuous parenchyma (fig. 16). Each

group consists of 3-4 vascular bundles arranged around a central canal which has taken

the place of their disintegrated protoxylems, the remains of which are still to be seen at

the borders of the lacuna. The phloem groups, on the other hand, are well developed

and very prominent; seen in transverse section they are ovate in outline and quite

distinct from each other. In greater part they are composed of sieve-tubes of excep-

tionally large lumen accompanied by their companion cells, while on the outside there is

a small cap of phloem parenchyma. Only a few of the later formed elements of the

xylem are persistent on the inner side of the phloem groups ; they are separated by

several parenchymatous cells from the central canal. At either end of the runner this

xylem is considerably increased in amount, and its elements fill up the space elsewhere

occupied by the canal. A beautifully-marked endodermis surrounds each group

completely ; so that each of them exhibits in itself all the essentials of a complete stele

(fig. 17). It is curious to note that in the cells of the endodermis the fold on the radial

walls is rarely placed exactly in the centre, but is nearly always situated nearer to the

inner tangential wall than to the outer—an idiosyncrasy which is also a characteristic

of the polystelic Primulas and Gunneras. Approaching the termination of the runner

where the buds and tuberous roots are borne, the ground-tissue becomes continuous

throughout, the lacunae disappearing; the bundles in each stele become confused and

indistinct ; and at certain intervals, in relation to the insertion of the buds, the steles

themselves fuse up into an irregular circle, beyond which they scarcely regain their

identity before they enter into another similar fusion, and so on.

In A^. Uiherosa the stalks which bear the tubers are very short, not more than 4 cm.

long, some of the tubers being almost sessile. Their structure in all cases examined is

essentially similar to that of the runners of N. flava, 3-5 separate steles being present,

each composed of 3-5 vascular bundles, although here the ground-tissue is without

lacunae, aud the bundles within each stele are less distinctly separated from one another.

The \vhole structure is, in fact, closely comparable to that of the runners of N. Jlaca

near their tuberous bud-bearing extremities.
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In aH cases where tubers are produced in the Nymph(cacc(B the first or first two
internodes of tlie new growth resulting from their gerininatioii develop into thin stolons,

in Nymphwaflava about 5 cm. long, which swell out at their extremities to form new
rhizomes (PI. XXII. fig. 18). And it is a very remarkable fact that the first leaves

borne on these rhizomes are submerged ones, entirely similar to the embryonic leaves

of the young seedling, except that the very first leaf of all is not truly acicular, but

possesses a very small lamina.

When these new growths arise from buds upon a primary runner or stolon, as in

N, jlava, they may be called secondary stolons. They contain 4-7 vascular bundles (in

fig. 19, 4 only), and the exact manner in which they are arranged varies from one stolon

to another, and even in the different regions of the same stolon ; thus, a varying number
of them may be united in pairs, or they may be all separate and distinct. In fig. 19

there are tw^o separate bundles, and two fused to form a pair. Sometimes six bundles

are present, and these are fused together so as to form two pairs ; then the resemblance

that such a section bears to one of the floral peduncles of Cabomba aquatica is most

remarkable, for here also tbere are six bundles almost identical in appearance, and also

united into three pairs. The vascular bundles of the secondary stolon are exactly

similar to those described in the primary. Tlie phloem groups are very prominent, with

an outer cap of phloem parenchyma, within this a mass of large sieve-tubes witli

their companion cells, and then a few small xylem elements at their inmost points, the

jxisition of the earlier-formed elements being as before occupied by a canal formed by

their disintegration ; and finally each bundle or pair of bundles is surrounded by a very

clear endodermis. As the runner approaches its termination, where it becomes con-

verted into the new rhizome, it increases very much in girth, the internodes between the

first leaves, which are borne at this point, being very short and thick. The vascular

bundles, whether single or in pairs, increase in size, lose their regularity, and fuse

laterally with each other. At the same time they subdivide so as to form so many

groups of bundles which partially recover their identity after each node, although less

and less distinctly as you pass higher up in the stem, until at last the usual structure of

the rhizome is attained.

It is especially to be observed in some species that those rhizomes which take their

origin in this manner from such secondary stolons have their vascular bundles,

throughout the whole rhizome, more or less gathered into groups around different

centres, o-enerally three, forming groups which correspond to those found at the base.

All the bundles in each group direct their xylems towards the point around which they

are arranged ; and so it comes to pass that in these rhizomes the inner bundles of the

vascular mass are, for the most part, inversely oriented, which point has been previously

referred to.

A similar grouping is seen in the tubers of A. h'heroso, which are borne on the

polystelic stalks mentioned above.
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Summary.

We see, therefore, that the plants in this Order, although generally astelic, sometimes

aggregate all the vascular bundles present in certain of their members into so many

steles, or, it may be, that only those bundles wliieh are set apart for a certain function are

thus dealt with, although they may be lying in a region of the plant otherwise astelic.

These steles vary greatly in compactness, size, and particularly in the number of

bundles which assist in their formation. Prom the large many-bundled root-bearing

steles of Victoria regia, through the smaller ones of about a dozen bundles of NijmphcBa

alba and iV". tuberosa, we pass to the steles containing four to three only in the primary

stolon of N.flava, and finally to those containing two bundles in the secondary stolons

of the same plant and throughout the whole structure of Cabomha and Brasenia—if,

indeed, we are entitled to call the latter steles at all. In relation to this point the close

similarity that these paired bundles show in all points of structure to the pair of bundles

found in the cylinder of the epicotyl of Victo^Ha and Wymphcea should be borne in mind,

and the latter, in virtue of its position, must be acknowledged as a diarcli stele.

Moreover, there are many other admitted steles which consist of two bundles only in the

stems and petioles of many Perns and SelagincUas. If this question be answered in the

afiirmative, Cabomba and Brasenia must no longer be described as astelic, but as

essentially polystelic. However, the exact manner in which the two pairs arise from

the central cylinder of the epicotyl should first be determined before any final decision

is arrived at.

Finally it may be remarked that the simplicity of the anatomical structure in

Cahornha and Brasenia is completely in accordance with the structure of their flowers,

the want of complexity in which also distinguishes these plants from the rest of the

Order—the parts of the flower being arranged in whorls of three only, and the

gynsecium being superior and apocarpous.

EXPLANATION OP THE PLATES.

Plate XXL

Figs. 1-4. Young stages of mature leaves of Victoria regia. 1. Very young, front view (xlO).

2. Older, back view (x8). 3. Still older, side view ( x8). 4. Young leaf, in situ, seen from

behind, and showing axillary scale, which curves away from the leaf (X about 2).

Fig. 5. Young stage of mature leaf of Njimphcea sanzibariensis, showing the free lateral stipules (x4).

Figs. 6-8. Embryonic leaves of Victoria regia seedling (nat. size). 6. 3rd leaf showing the " pocket''

of the lamina at the insertion of the petiole. 7. 4th leaf, front view. 8. 4th leaf, back view.

Fig. 9. Median longitudinal section of apical region of young seedling of Nymphaa zanzibaritnsis

:

It., leaF-trace j rt., root-beariug stele; vv., desmogen strands in central meristematic cylinder

(X240).
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Figs. 10-11. Base of petiole of mature leaf of Victoria rer/ia (nat. size), 10. In surfaee view, showing

position of adventitious roots. 11. In section: ?7., root-bearing stele; p., pedieels ; /., air-

canals in the petiole.

Fig. 12. Transverse section of the root-bearing stele of same plant ( x 80) : x., xylcm
;
ph., })hl()em

;

e., cndodcrmis.

Fig. 13. Portion of such a stele, more highly magnified (x225).

Plate XXII.

Fig. 14. Transverse section of the pedicel of an adventitious root of Victoria regia takiMi near its point

of origin from the root-bearing stele (x 155).

Fig. 15. Plant of Nymphxea Jlava (f nat. size) : st., primary stolon, bearing buds, h., and tuberous

roots, r. Tlie stolon becomes slightly tuberous during its course at point p. ; /., leaf-scars on

rhizome.

Fig. 16. Transverse section of the primary stolon of the same plant, showing four steles, two with four

bundles each, and two with three only ( x 25).

Fig. 17. Stele of the same, more highly magnified ( X 150) : x., persistent xylem-clements ; «<,, sieve-

tubes
; p., phloem parenchyma ; e., endoderrais ; /., central canal with remains of protoxylem

;

h., stellate hair.

Fig. 18, Thickened extremity of primary stolon (slightly enlarged) : pr.st., primary stolon; b., buds on

the same. The oldest has grown out into the secondary stolon, sc.st. The latter thickens

above to form the new rhizome, rz. /.', 1st leaf of new rhizome, /.^ the second, /.\ the third :

r., tuberous roots. ^

Fig. 19. Transverse section of secondary stolon (x30). Fonr vascular bundles present: a is a single

separate one ; b has been formed by the complete fusion of the two bundles of such a pair as

that at c.
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VIII. On " Transfusion-tissue "
; ity Origin and Function in the Leaves of Gymno-

spermous Tlants. By W. C. Worsdell. {Communicated by D. H. Scott, Ph.D.,

F.R.S., F.L.S., Hon. Keeper of the Jodrell Laboratory, Royal Gai^dena, Kew.)

(Plates XXIII.-XXVI.)

Read 4th November, 1897.

X HIS paper, which has been preceded by a short preliminary thesis, presenting only

the chief facts (Journ. Linn. Soc, Bot. vol. xxxiii. pp. 118-123), furnishes a more detailed

and elaborate account of the subject therein dealt with. It treats at some length of the

origin and distribution of transfusion-tissue in the foliar organs of Gymnospermous

plants.

This tissue is well known to be universally present in the leaves of Conifers ; it occurs

generally in the leaves of Cycads, and in those of Ephedra and Welwitschia among tlie

Gnetacese. Among Angiospermous plants it is known to occur here and there in leaves

and stems, but in these cases in a more or less modified form.

No one, however, as yet, has been able to give a satisfactory account of the origin and

homology of this important and striking tissue. This I hope to be able to do in the

following pages.

Historical Survey.

The first discoverer of " transfusion-tissue " was the German botanist Frank, who, in

an important paper*, describes it in connection with the vascular bundle of the leaf of

Taxus baccatay Linn. As regards its origin, he considers it to arise from the bundle,

having noticed transitions in the shape and size of the tracheides from the ordinary

xylem of the bundle outward to the transfusion-tissue at its side.

Thomas f mentions transfusion -tissue in the leaves of three genera of Conifers. He
believes it to be parenchymatous in origin.

A paper by Kraus t, " Ueber den Bau der Cycadeenfiedern," dealing with the minute

structure of the leaves of various Cycadean genera, does not mention the transfusion-

tissue proper, but describes, in the genus Cycas (probably for the first time), the

tracheides of the *' accessory transfusion-tissue " running at right angles to the midrib

towards the margin of the leaf, and which are characteristic of, and peculiar to, this

genus.

In 1871 Mohl published an interesting paper § on the structure and morphology

'* " Ein Beitrag zur Kenntniss der Gefessbiindel," Bot. Zeit. 1864.

t " Zur vergl. Anat. d. Coniferen Laubblattcr," Pringsh. Jahrb. Band iv. 1865.

t Pringsh, Jahrb. 1865.

§
" Morph. Betrachtung der Blatter von Sciadopitys" Bot. Zeit. 1871.
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of the leaf of Sciadopitys. He is the first author to use the word " transfusion-tissue,"

applying it to the tracheides found in the tissue around the xylem of the bundle in this

plant. He agrees with Thomas that it belongs to the parenchymatous tissue of the leaf,

and not to the bundle.

Bertrand *, in a general sketch of the anatomy of the stems and leaves in the Gnetaceae

and Coniferse, describes and figures transfusion-tissue in several genera, but does not

enter into mu.ch detail concerning it.

De Bary f afi^ords us the completest and clearest account given by any author of the

transfusion-tissue as it occurs in the leaves of Gymnosperms, and illustrates his description

by two very good figures of leaf-bundles of Cunninghamia and Juniperus communis, Linn.

He does not attempt, however, to explain its origin.

Zimmermann's description % of transfusion-tissue is one of the best and fullest. He
rightly argues that a sharp distmction must be made between the large elongated

tracheides running out to the margin of the leaf in Cycas and Podocarpus (which are

specially modified from the parenchyma) and the real transfusion-tissue at the side of

the bundle.

There is an excellent paper by Scheit §, entitled " Die Tracheidensaume der Blatt-

biindel der Coniferen," which is w^orthy of special notice. He made a minute investi-

gation into the character of tlie bordered pits and thickenings of the tracheides of the

transfusion-tissue in many genera of Coniferge. Of the transfusion-tissue of the Cycadeae

he does not say much, but finds it to agree entirely in most points with that of the

Coniferae, He makes an interesting study, with regard to this tissue, of the Gnetaceae.

He regards the reticulate venation of the foliage-leaf of Gnetum as a transition between

the rudimentary venation of Ephedra and Conifers and the complex venation of Dicoty-

ledons. But it Ls very questionable whether he is right in regarding the short tracheides

which occur at the point of branching of the bundles and at their final endings as

equivalent to the transfusion -tissue of Coniferse. It is, however, of the greatest interest

to find that the bracts of Gnetum Gnemon, Linn., which externally resemble the foliage-

leaves of Ephedra, have the same rudimentary venation (though here consisting of live

to six bundles), and also well-developed transfusion-tissue accompanying the bundles.

He appears to be the first author to thoroughly investigate transfusion-tissue from the

physiological point of view. At the opening of the paper the tracheidal nature of its

elements, ascertained by reference to their mode of thickening, watery contents, and the

closed character of the bordered pits, is fully discussed ; at the close he considers the factors

which determine the mode of thickening of the transfusion-tracheides and the development

of the tissue as a whole. The chief factor determining the character of the wall appears

to be the greater or less exposure to the turgescence of the surrounding parencliyma-

cells ; in the former case reticulate and other thickenings are present on the wall, in

* ' Bibliothcque de I'Ecole des Hautes Etudes,' tome xii., art. no. 1, 1875.

t 'Comp. Anat. of Phauerog. and Perns,' p. '680, 1877 (Engl. ed. 1884).

t " Ueber das Transfusionsgewebe," Flora, 1880.

§ Jenaiache Zeitschr, f. Naturwiss., Band xvi. 1883.
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the latter these tend to disappear and bordered pits to be alone present. The development

of the tissue as a whole he considers to depend on the amount of transpiration to which

the leaf is subjected—this, again, depending on the habitat.

As regards the origin of the transfusion-tissue, he approaches nearer to the truth than

any other author These are his words :
—" Wherever, in the mature condition, the

transfusion-tissue is found surrounding the phloem or the xylem, or both, its otHgiu lies

in the xylem, as it completely passes over into the latter.^'' This is, nevertheless, a vague

statement, and not very much value can be attached to it.

The paper, as a whole, is extremely suggestive, and, I think, has been rather over-

looked by subsequent writers.

A dissertation by Vetters *, entitled * Die Blattstiele der Cycadeen,' gives a most

minute and thorough description of tlie structure of the petioles, and the course of the

bundles in the pinnae, of all Cycadean genera. There is a careful and accurate account

of the "accessory transfusion-tissue" in Cycas\ and he also notifies the occurrence,

though under varying forms, of the normal transfusion-tissue on the side of the bundles

of the pinna.

The most accurate and thorough investigation of transfusion-tissue, as it occurs in the

group Abietiuese, which has hitherto been made is that by Daguillon t- He is the first

to define the exact tissue of the leaf in which, in this group, the tracheidcs occur,

viz. the pericycle. He is careful to notice the various positions with regard to the bundle

which the tracheides of the transfusion-tissue occupy respectively in the cotyledon and

foliage-leaf. He finds that in the cotyledon of Finns sylvestris, Linn., they occur opposite

the protoxylem ; in the foliage-leaf, on the contrary, chiefly round the phloem ; an

intermediate stage is presented in the '* primordial "
% leaf, where the pericyclic scleren-

chyma, which he holds to be homologous with the transfusion-tissue, extends round both

xylem and phloem, being most abundant round the latter. His figures illustrating these

points are the clearest and finest ever published.

A great authority on the subject, Van Tieghem §, describes the occurrence and the

varying positions of transfusion-tissue in the leaves of Conifers. He recapitulates

the statements of Frank, Mohl, and De Bary as to its origin, concluding that the

views of these authors are inadmissible, and that the transfusion-tissue, from his own
observation, belongs morphologically to the peridesm (pericycle) of the bundle.

Lignier H, the latest author dealing with the subject, discusses the homology of the

transfusion-tissue in the pinna of Cycas, and finds that the tracheides of the " accessory

transfusion-tissue" which traverse the mesophyll to the margin of the leaf merge

Inaugural Dissert., Leipzig, 1884.

t " Recherches sur les Feuilles des Coniferes," Revue generale de Bot. tome ii. 1890.

X The " primordial " leaves are the first^formed leaves of the seedling, which succeed the cotyledons, and occur

singly and scattered around the stem ; they possess a flattened lamina with a single bundle, thus differing consider-

ably from the later-formed " needles."

§ " Sur les Tubes cribles extraliberiens et les Vaisseaux cxtraligneux (' needles')," Journ. de Bot., 1891.

II

" La ly^ervation teniopteridee des Folioles de Cycas et le Tissu de transfusion," Bulletin de la Soc. Linn, de

Normandie, ser. IV. tome vi. fasc. 1.

2y 2



304 ME. W. C. WOKSDELL ON " TEANSFUSION-TISSTJE."

insensibly into the tracheides of the normal transfusion-tissue immediately adjoining the

bundle, and that there is thus no real distinction to be made between the two. He
considers the transfusion-tissue in the leaf of Cycas and of all Gymnosperms, not as a

later structure than the bundle, but as the remnant of a dichotomously-branched venation

which was a common feature in their ancestors, and is still found in the allied genus

Stangeria and in some Perns.

In another important and interesting paper * he establishes the fact that the vascular

bundle-system in the pinnae of all Cycads is really dichotomous, though, owing to the

fact that the branching of the bundles sometimes takes place in the very base of the

pinna or on the outermost edge of the rachis, this feature, though often obvious even

to superficial observation, has not been recognized as generally characteristic of the

order.

Strasburger f describes fully the position and structure of the transfusion-tissue in the

leaves of Gymnosperms, especially those of Coniferse and Cycadese ; his book is certainly

the best compendium for a general and accurate account of the anatomy of Gymno-

spermous leaves.

General Considerations.

Transfusion-tissue consists of short tracheides, parenchymatous in shape, and with

reticulate or other thickenings or bordered pits, on all the walls (PI. XXIII. fig. 1). Its

usual position is at the sides of the bundle in the pericyclic region ; but it may frequently

extend, as in Araucaria and Libocedrus, in an arc round the protoxylem, or it may, as

in Ticea and Pinus, completely encircle the bundle. Its evident function, as has been

rightly inferred by various authors, is to supplement, in the leaves of these plants, what

must be considered a rudimentary conducting-system. In a number of Conifers the

leaf is traversed by but a single bundle (in some Abietinese by two closely-contiguous

bundles) ; in others, and in most Cycads, by a number of widely-separated, parallel

bundles. In all these plants there is an entire absence of the complex, reticulate system

of conducting-tissue, such as is met with in Dicotyledonous plants, and which must be

considered the highest type of venation in the vegetable kingdom. In order to

compensate, therefore, for the lack of an efficient conducting-system in the leaf, recourse

has been had to the development of these peculiar tracheides (often accompanied by

bast-cells of similar shape), now known as " transfusion-tissue." In Cycas and many

species of Podocarpus, in which the broad pinnae or leaves are traversed by a single

bundle, in addition to the normal transfusion-tissue, a new and accessory system has been

developed, running from the bundle to the margin of the leaf. This, however, as will

be shown later on, is a purely secondary modification of the mesophyll- cells, and bears

only a functional relation to the normal transfusion-tissue, having therewith no homology

whatever. In the pinna of Stangeria a dichotomizing system of closely-placed veins

springs from the large central midrib. In the pinna? of all otiier Cycads, and in

* " La Nervation des Cycadees est dichotomique," Assoc. Franc^-aise pour I'Avancement des Sciences. Congres de

Caen, 1894.

t ' Ueber den Bau and die Yerrichtangen der Leitungsbahnen,' Jena, 1891.
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Podocarpus Nageia, R. Br., Dammara, and Araucaria, among Conifers, a system of

parallel venation prevails, and here transfusion-tissue is markedly developed.

The leaves of most Conifers are very narrow, and are traversed by a singh^ himdle,

which, in all cases, is provided with well-developed transfusion-tissue.

Ginkgo differs widely from all other Conifers in having a dichotomizing system of

hundles traversing its large, fan-shaped leaf, and has transfusion-tissue present in

connection with its rather widely-separated hundles, though more feehly developed than

in most Conifers.

In order to prepare the way for my subsequent remarks, I will first of all describe the

structure of the vascular bundle in the lamina of an ordinary foliage-leaf of a Cywid.

It is well known that the bundles of the leaf of Cycads have a structure peculiar to this

order and not found in any other living group of plants. Towards the dorsal (lower)

surface of the lamina is placed the phloem ; next comes the ordinary xylem, which is

formed by the cambium in a centrifugal * manner ; on the inner side of the secondary

wood there may or may not be a few elements of primary centrifugal wood, and then

follows the protoxylem, consisting of narrow, elongated, spirally- or reticulately-thickened

elements. Farther, beyond the protoxylem, i. e. between this tissue and the ventral

(upper) surface of the leaf, occurs another strand of xylem, primary in origin, and of

much greater development than that of the centrifugal wood; it is centripetal in

development, i. e. its elements are formed successively from the protoxylem towards the

ventral (upper) surface of the leaf; it is characteristic of the Cycadese. Typicjil

transfusion-tissue occurs at the side of the bundle, and this is seen to be in intimate

connection with the centripetal xylem (PL XXIII. fig. 2). In the petiole the structure

of the bundles is the same, though their orientation is different. In other Gymnosperms

and all Angiosperms this tissue is, so far as hitherto observed, absent from the vascular

bundle. No trace of any such tissue has previously been observed cither in the leaves

of the Coniferse or of the Gnetaceae. According to existing observations, the structure of

the bundle in these two latter groups of plants, as in aU Angiosperms, is endarch, in

contradistinction to that of the leaf of Cycadean plants, which is mesarch f.

Original Observations.

An investigation into the structure of the cotyledons of some seedlings of Ginkgo

biloba, Linn., grown in the Royal Gardens, Kew, revealed a most interesting and novel

structure. The cotyledons, as in the Cycadeae, are rudimentary, hypogeal structures.

* The terms " centripetal " and " centrifugal," applied to the development of the parts of tho bundle, are used

with reference to the centre of the stem, in such a way that, in the case of the xylem starting from the first-formed

tracheae (protoxylem), elements formed successively near the phloem, i. e. towards the outside of the stem, are called

"centrifugal," and those formed successively in the direction away from the phloem, i.e. towards the centre of the

stem, are said to be developed " centripetally." The same terms ("centripetal '" and "centrifugal") are applied to

the development of the bundles in the leaf, whatever may be their orientation.

t The term " mesarch" was first suggested by Solms-Laubach (Introd, to Fossil Bot., Engl. ed. p. 257) to define

the mode of development of the xylem of the bundle in Cycadean plants. In such plants the protoxylem occupies

a central position in the xylem of the mature bundle. This term was first definitely adopted by Williamson and Scott

in describing the structure of the stem-bundles in the fossil plants Lyginodendron and Ileterangium (Phil. Trans.
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They are thick and fleshy in consistence, bearing little, if any, resemblance to leaves, and

are closely adpressed by their ventral faces, though not completely connate, as in the

Cycadese. The tip of each is slightly notched. The cotyledons are traversed each by

two bundles which in shape, as seen in transverse section, are curved in the form of an

arc of a circle. There is a great development of the phloem of the bundle. The

centrifugal part of the xylem is but very feebly developed ; some of its elements can be

seen to be secondary and cut off by the cambium, some of the smaller and innermost are

probably primary. To the inside of the latter lies the small group of protoxylem. On

the ventral side of the protoxylem, however, and directly opposite the latter, there are

yet other tracheides present with densely spiral thickenings, which, by their position and

relative development, I determined to be none other than the equivalent of the centri-

petal xylem as it occurs in the bundles of Cycadean leaves. These tracheides are very

much scattered (PI. XXIII. fig. 3). A row of three, however, more compactly grouped,

show clearly the nature of the bundle, to which the term " mesarch," as descriptive of the

bundle of Cycadean leaves, may fitly be applied. The remaining tracheides occupy

various positions. In proportion as they recede farther from the protoxylem towards

either side of the bundle, they attain a greater diameter and are provided with reticulate

bars of thickening on their transverse walls ; they moreover assume a perfectly angular

outline as seen in transverse section. In fact, they present very much the appearance

of the tracheides composing the transfusion-tissue in the leaves of Coniferae. One or two

of these tracheides which most completely resemble transfusion-tissue are situated quite

on the side of the bundle and bordering on the phloem (fig. 3). In longitudinal

secti(m of the bundle, a most evident and interesting transition is seen between the

tracheides nearest the protoxylem, which are elongated and narrow in shape, much

resembling the elements of the latter, and those which are farthest removed from the

protoxylem, which are short and stout, thus entirely different from the former tracheides,

and in every way similar to the elements of the transfusion-tissue of Coniferous leaves

(fig. 4). In the bundles of the lamina of the foliage-leaf of Ginkgo, tracheides, to the

number of one or two, are usually present on the ventral side of the protoxylem, but,

compared with the cotyledon, the centripetally-formed xylem is here very much reduced.

There is typical transfusion-tissue at the sides of the bundle, consisting of wide tracheides

with conspicuous reticulate thickenings and bordered pits (PI. XXIII. fig. 5). In the

bundles of the petiole there is a great development of the secondary centrifugal xylem ;

consequently, the number of elements of the centripetal xylem is exceedingly reduced, the

tracheides being very inconspicuous and scattered (PI. XXIV. fig. 6). Fig. 7 shows a good

Roy. Soc. vol. 186 (189.5) B, pp. 703-779). The term «' endarch," kiudly suggested to me by Dr. 1). H. Scott, is

employed here for the first time to define the structure of a bundle in which, as in the stems of the great majority

of Phanerogams, the whole of the later-formed xylem is centrifugal, i. e. is developed towards the phloem, the

protoxylem always occupying the innermost portion of the bundle. Van Tieghem (Traite de Bot. pp. 763 & 764)

uses the two terms perixylic and centroxylic
; the former would include the terms " mesarch " and " exarch," the

latter would be the equivalent of " endarch."
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example of such a tracheide in longitudinal section. In this part of the leaf the

transfusion-tissue is also but little developed.

A study of the structure of the bundles in the cotyledons of Cycas revolufa, Thunb.,

revealed something very similar to what was found in those of GlnJcgo biloha, Linn. There

are a number of bundles in each cotyledon, arranged somewhat in the form of a triangle.

Here, as in Ginkgo, there was a relatively small development of the centrifugal, hut a

great development, on the contrary, of the centripetal xylem. Here also, in the latter

tissue, could be distinctly seen a transition between the elements nearest the protoxylem,

which were elongated and of small diameter, and other elements which were short, of

great diameter, and possessing conspicuous bordered pits on their transverse walls, which

occurred scattered in the ground-tissue, often at a considerable distance from the bundle

and chiefly in a lateral direction. It was interesting to see how some of these tracheides

extended round towards the phloem, exactly as occurs in the bundles of the mature

foliage-leaf (figs. 8 & 9). In fig. 10 is represented a longitudinal section of a similar

bundle.

I will now proceed to consider the structure of the vascular bundles of the foliar

organs of Gymnosperms generally. This may be deemed, perhaps, a rather useless task,

as botanists may assert that the structure of the leaves of these plants is already well

knowm. Nevertheless, I hope, before the close of this paper, to exhibit a feature of

considerable importance which has hitherto apparently been unsuspected by all

investigators.

I will begin with the order Cycadeae. These plants are known to be intermediate in

their general structure between Conifers on the one hand and the great Pern-group on

the other. In the structure and general appearance of the leaf Stangeria certainly

approaches nearest to the Perns. The broad, elongated pinnae of the leaf are traversed

by a single thick midrib ; from this a dense venation of dichotomizing bundles radiates

out on either side to the margin of the leaf. The vascular bundle, as in all Cycads,

possesses centripetal, as well as centrifugal, xylem. Transfusion - tissue, though

inconspicuous and of small development, is present at the sides of tlie bundles. It

is conceivable that Cycas, in the structure of its leaf, may be a nearer relative than

any other Cycad to Stangeria. The pinnae, while retaining the single midrib in

much reduced form, have become, relatively to their length, very much narrower,

as a consequence of which the lateral veins, typical of Stangeria, have completely

disappeared, leaving the pinnae provided with but a single vascular strand, the remnant

of the bundles traversing the much thicker midrib of the pinna of Stangeria. Of the

tissues composing the bundle in the midrib of Cycas, the centrifugal xylem is, as in all

Cycads, but feebly developed, and is secondarily formed by the cambium. The centri-

petal xylem, on the contrary, is extremely well developed, and consists of tracheides

increasing in diameter as they extend towards the ventral side. The transfusion-tissue,

forming a dense group of tracheides at the sides of the bundle, is that typical of all

Cycads. In the intermediate pericyclic region there extends in an oblique direction a

group of tracheides connecting the main part of the centripetal xylem with the
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transfusion-tissue at the end of the phloem. In this group of tracheides could be

observed, both in transverse and longitudinal sections, a most interesting transition in

the character of the elements. Starting from the large tracheides of the main part of

the centripetal xylem, we first come to the small tracheides of the connecting group,

which approximate in size to the tracheides of the centrifugal wood, and pass from these

to the elements of the transfusion-tissue, in which, at first, a gradual thickening of the

walls can be noticed, then a shortening in length and an increase in diameter of the

elements, until they merge into the ordinary parenchyma-shaped tracheides which form

the bulk of the transfusion-tissue (PI. XXIII. fig. 2). These tracheides sometimes

occur among the stone-cells of the endodermal ring ; in other cases it appears

that communication takes place between the tracheides in the pericycle and those

in the mesophyll through a stone-cell of the endodermis, which (and this is invariably

the case) at this point has no contents, while the stone-cells on either side contain

numerous crystals.

But I now have to deal with a tissue in the leaf of this plant which is unique among

Cycads. Stretching amidst similarly elongated cells in the central region of the

mesophyll of the leaf, from the midrib to the margin, is a band of conspicuous tracheides,

narrow and elongated in shape and with bordered pits on their walls. These bordered

pits are mostly of a rather rudimentary type, with wide slit-like pores, but in many of

the tracheides nearest the vascular bundle they are more typical in appearance. These

tracheides are in intimate connection, by means of their wide, expanded ends, with the

small tracheides of the transfusion-tissue. They form a loose complex of tissue extending

along the whole length of the leaf in a plane parallel to its two surfaces (PI. XXIV. fig. 11).

Lignier * has attempted to account for this tissue by regarding it as the remnant of a

lateral system of dichotomizing bundles such as that found in the leaf of Stangeria. He

appears to offer no special reason for this assumption, but founds it merely on the general

structure and appearance of these strands of tracheides. Now, to my mind, the general

arrangement and structure of this tissue are precisely the characters which prevent any

such origin as that proposed by Lignier being attributed to it. It is almost impossible

to suppose that the regular venation of a leaf like that of Stangeria, with distinct and

conspicuous intervals between the veins, could have been transformed into the irregular

strands of anomalous tracheides which occupy the entire middle portion of the leaf, with

the exception of the mesophyll-cells, narrow and elongated like themselves, which lie

scattered among them. Ear more probable does the explanation seem that these

tracheides are a later modification of the mesophyll-cells of the leaf, which has been

adopted since the narrowing of the leaf and the loss of the lateral veins. Lignier also

considers the normal transfusion-tissue, as found in Gymnosperms generally, to be a

remnant of such a lateral system of venation. That this idea is equally false I hope to

show clearly before the close of this paper. If it can be proved that the normal

transfusion-tissue is in no wise such a remnant as he supposes, but is an independent

formation, then this would be an additional proof that the anomalous transfusion-tissue

* Bulletin de la Soc. Linn, de Normandie, ser. IV. tome vi. fasc. 1.
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of C]/cas is also an independent formation, as how otherwise can one account for the

intercalation of the normal transfusion-tissue between the midrib and this "bundle-

remnant" ? This " accessory transfusion-tissue," as I propose calling it, is, as Lignicr

rightly says, an extension of the transfusion-tissue proper, the latter being, as it seems to

me, an older formation, acquired by the ancestors of the plant soon after the lateral

veins were dropped, and the former, as it were, an afterthouglit to ensure a more perfect

supply of water to the distant cells of the broad lamina of the leaf ; there may also be

much truth in Zimmermann's view, that this tissue serves the mechanical purpose of

strengthening the leaf, in the same way as would a system of lateral veins.

In all other Cycads a dicliotomous system of venation prevails without any midrib

whatever. This dichotomy is suiSciently evident and conspicuous in the broad pinna? of

Bowenia and Zamia, and may also be seen pretty clearly at places in the lamina of

Ceratozamia . In those genera with narrower pinnge, such as Dioon and 3Iacrozamia,

the dichotomy is quite obscured and hidden from superficial observation owing to the

fact that, as Vetters and Lignier showed, and as I have myself since verified, the branching

of the bundles takes place low down in the very base of the pinna, or in the extreme

edge of the rachis ; as, subsequently, no further branching occurs higher up in the pinna,

the result is a series of parallel veins of equal strength traversing the mesophyll. In all

these other genera normal transfusion-tissue is present at the sides of the bundle, as in

Cycas. But the elements composing it are always inconspicuous and scarcely recogniz-

able as transfusion-tissue such as it is seen in Cycas. They are often clearly seen in

connection with the centripetal xylem extending along the sides of the bundle. It is

only occasionally that these elements exhibit bordered pits or reticulations on their

transverse walls (PI. XXV. fig. 12). Vetters, while recognizing the presence of these

tracheides, refused to regard them as equivalent to the transfusion-ti^acheides of Cycas
;

but I have no doubt that he was wrong in this respect.

In the order Conifcrse there obtains a far greater diversity in tlie conformation of the

foliage-leaf than in the order we have just been considering. Ginkgo stands entirely

alone both as regards the shape and the venation of its leaf, and clearly indicates a much

less modified and more primitive type of structure than is found in any other genus of

the order. The broad fan-shaped lamina and dichotomous venation sufficiently prove

this to be the case.

As I have already dwelt upon the structure of the vascular bundle in the foliar organs

of Ginkgo, I will now pass on to its nearest allies among the Coniferae, \iz. the

Taxinese. In these the leaves are much reduced and in no wise resemble those of

Ginkgo.

Cephalotaxus drupacea, Sieb. & Zucc.—In the cotyledon of this plant the bundles,

which are the least varying parts of the leaf, present a structure strikingly similar

to what obtains in Ginkgo. Transfusion-tissue is scarcely to be distinguished, and is

only represented by some tracheides at the corner of the centrifugal xylem. The

centripetal xylem, on the other hand, as seen in transverse section, is very well developed,

forming a nearly continuous band along the ventral side of the bundle, and consisting of
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large round tracheides, the smaller of which lie towards the protoxylem of the bundle.

This protoxylem stretches right across the intervening space between the centrifugal and

centripetal parts of the xylem, the latter tissue having even some protoxylem elements,

attached to it (PL XXV. fig. 13). The centrifugal xylem has a fair development, an

active cambium being present. This bundle is therefore extremely interesting as forming

in its structure a connecting-link between that of the cotyledonary bundles of Ginkgo

and of other Coniferse.

Cephalotaxiis Fortuni, Hook.—In the cotyledon and leaf, as seen in transverse section,

the transfusion-tissue, as in all Coniferse, is very well developed at the sides of the

bundle ; but in addition to this, there are nearly always a variable number of tracheides

of much smaller diameter on the ventral side of the xylem. They lie scattered, in

various positions, among the parenchyma-cells of this region, and are quite distinct and

separate from either the protoxylem or the transfusion-tissue. In longitudinal section

of the bundle these tracheides are very clearly shown on its ventral side, directly opposite

the oldest, spiral elements of the protoxylem, and separated from these by one, two, or

three layers of cells. In shape they are somewhat elongated, with square or tapering

ends, and reticulate thickenings, with or without bordered pits, on their walls (fig. 14) ;

those nearest the protoxylem have reticulations alone, those farthest away in the ventral

direction have bordered pits intercalated between the thickenings. These tracheides,

seen thus in both sections, as in the above species, are constituents of the centripetal

xylem and equivalent to the tracheides observed on the ventral side of the bundle

in both the cotyledon and leaf of Ginkgo.

Taxus (2 species).—In the cotyledon and leaf I was able to discover similar tracheides,

though they appeared in this genus scarcely so conspicuous as in Cephalotaxus. These

elements, of which, in one transverse section, I observed three, were separated from the

protoxylem (whose limit on the ventral side w^as well defined) by a single layer of cells.

From their superiority in size to the elements of the protoxylem they could not possibly

be outlying members of that tissue. The finely-developed transfusion-tissue at the side

of the bundle showed in places an interesting transition in the size of its elements from

its extreme outer side, where the tracheides were large in diameter and conspicuously

pitted, to its innermost part, nearest the protoxylem, where the final tracheide, in one

instance observed, much resembled, in size and in the character of the wall, the elements

of the centripetal xylem above-mentioned (fig. 15). In longitudinal section of a leaf-

bundle short, reticulate tracheides were observed here and there on the ventral side of

the protoxylem, which appeared to occupy the same position with regard to the latter

tissue as did those seen in transverse section ; they were also of about the same diameter.

Thus in the leaf of this plant also we find a conspicuous instance of centripetal xylem.

Todocarpiis chilina, Rich.—This plant has long, pointed, and rather broad leaves,

provided with a single median vein or midrib. At the side of this bundle the normal

transfusion-tissue is remarkably conspicuous, constituting a group of large, pitted

tracheides (tig. 16). In a horizontal section of the leaf, i. e. one made parallel to its



MR. W. C. WOESDELL ON " TEANSFUSIOX-TISSUE." 311

surfaces, it can be seen that the transfusion-tissue is bordered, on the side away from the

bundle, by a single layer of parenchyma -cells similar in shape to its own tracheides.

Immediately abutting on these, however, by their expanded ends are to be seen strands

of lignified elements wliich, starting from this region, run out through the mesophyll to

the margin of the leaf (fig. 16). In arrangement, shape, and general appearance they

resemble extremely the strands of "accessory transfusion-tissue" in Cycas. But the

individual elements present a remarkable difference from those of the "accessory

transfusion-tissue " in Cycas, from the fact that they possess narrow, slit-like simple pits

in their walls without the remotest trace of any border. From the thickness and

consistence of their walls, the simple pits, and the scattered arrangement of these latter,

they have very much more the appearance of stone-cells than of traclieides, and it is

possible that they are analogous to the tracheides occupying the same position in

Cycas only in so far as the mechanical function of strengthening the broad lamina of

the leaf is concerned, and that they therefore do not possess in any way a conducting

function.

Podocarpus Totara, G. Benn.— In the much shorter and narrower leaf of this species

it is interesting to note the complete absence of this tissue in the leaf. Here the central

mesophyll-cells are elongated in the direction of the margin of the leaf, but are thin-

walled and unpitted. I was able to determine, however, the presence of a very slight

lignification of their walls.

P. alpina, B. Br.—In the still smaller and evidently much reduced leaf of this species

the same entire absence of this tissue was to be seen. Here and there, however, in the

central region of the leaf, and occupying the same position as the thick-walled, pitted

elements of P. chilina, Bich., occurred one or two large stone-cells. One of these

abutted directly, by its narrower end, on the cells immediately adjoining the normal

transfusion-tissue. Another was seen to be in intimate connection with an assimilating

cell of the parenchyma. Except for their greater diameter, these cells looked exactly

like the elements above described in P. chilina, Bich. I am tempted to regard them as

a relic and last vestige of the well-developed tissue as seen in P. chilina, Bich., the

latter, owing to the great reduction of the leaf in breadth, as well as in length (probably

from its exposed habitat on the mountains), having become no longer necessary. As

regards the structure of the leaf of P. Totara, G. Benn., it may possibly also be a

reduction from the type of P. chilina, Bich., but it is impossible to be certain of this.

The stone-cells, in the two species examined, are devoid of contents.

In this genus there appeared no sign of centripetal xylem attached to the bundle, as

in other Taxinese.

Araucaria excelsa, B. Br.—Having at my disposal a seedling with four cotyledons, I

was able to thoroughly investigate the structure of the latter. Each cotyledon is oblong

in shape, with a broad lamina traversed by about six vascular bundles and a number of

hypodermal resin-canals. It is denticulate at the apex. A transverse section showed

2z2
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large-celled transfusion-tissue occurring chiefly at the sides of the bundle, but also very

frequently indeed on the ventral side of the xylem. A longitudinal section showed

that the tracheides of the transfusion-tissue, both at the sides of the bundle and on its

ventral side, were of various lengths, some being very long, others shorter ; there is also

considerable variation in their breadth, which is usually rather great. Here and there

very long and comparatively narrow ones occur opposite the protoxylem, though not

directly opposite its main part where the annular vessels occur. In one place, however,

opposite such an annular vessel, a short, broad tracheide was observed. The parenchy-

matous elements immediately abutting on the protoxylem are, many of them, extremely

narrow and of great length, tapering very much at the ends, owing to their having

undergone a great amount of sliding-growth. The pitting of the tracheides of the

transfusion-tissue and centripetal xylem is very interesting. These elements, at least

those on the ventral side of the xylem, have very much the appearance of thin-walled

sclerotic cells, and are in many cases almost, if not quite, indistinguishable therefrom,

owing to the fact that the pits of many appear to be quite simple. It appears that a

degeneration of the bordered pits has taken place such that the borders have become

gradually obliterated, so that in most cases only a slight swelling of the wall around the

pit has remained (PI. XXVI. fig. 17). This slight thickening can be readily seen both in

a sectional and a surface view of the wall. It is in some cases much more distinct than

in others, and in such a definite border is seen. It is by means of these latter transitional

cases that the real tracheidal nature of all these elements can be determined, and also

that none of them are sclerotic cells. The cross-walls are often horizontal, but also very

frequently rather oblique. I think there is but little doubt that these tracheides have

all been derived from the centripetal xylem which once existed in normal form in the

position in which these tracheides now occur, and that the latter have been since

extremely modified.

Aimucaria Bidicillii, Hook.—In a transverse section of the cotyledon the bundles are

seen to be united into long bands. There is a great development of transfusion-tissue

consisting of elements of various shapes, rounded or angular, reticulated or pitted, often

of considerable size, on the ventral side of the protoxylem and immediately abutting on

it
; they may also be seen running out into the parenchyma. There are sometimes

smaller tracheides next the protoxylem, which arc rounded and appear like normal

tracheides of the bundle, though larger. These constitute the centripetal xylem.

In a transverse section of the leaf a number of parallel bundles are observed

traversing the broad lamina. Each of these has transfusion-tissue largely developed on

all sides of the xylem, consisting of wide, angular tracheides with small bordered pits.

But, abutting on the protoxylem, and connecting the latter with these large tracheides,

are smaller ones with rounder, smoother walls, forming a transition between the proto-

xylem and the transfusion-tissue, and evidently representing centripetal xylem. In

longitudinal section of the leaf there are no transitional elements between protoxylem

and transfusion-tissue in direct connection with the main part of the former, i. e. where

the elejnents with annuli and long-drawn-out spirals are situated. But a little to the
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side of this, and still directly opposite spiral elements of tlie protoxylem, evident

transitional elements are seen which represent centripetal xylem ; these sometimes ahut

directly on the protoxylem, in other cases lie a short distance away from the latter.

These tracheides are sometimes of great length and quite narrow, having the same sliape

as a traclieide of the protoxylem. They possess transitional characters in their walls,

where rudimentary bordered pits with wide openings and large borders occurred in the

midst of very fine and delicate, but regular and close, spiral or reticulate markings.

Fartlier away from the protoxylem, in a radial direction, the tracheides gradually become

shorter and stouter, this also happening in a tangential direction towards the sides of

the bundle.

Araucaria imbricata, Pav.—In a transverse section of the leaf a number of small,

parallel bundles are seen. At the sides of each bundle well-developed transfusion-tissue

occurs ; in many cases it curves round so that a group of its tracheides frequently comes

to lie, by itself, opposite some part of the protoxylem ; in such a case the tracheides of

the group nearest the protoxylem are smaller than the others. In some cases, directly

opposite the main 2)art of the protoxylem, are seen one or two small, round elements of

centripetal xylem. They afford a very clear instance of a remnant of this latter tissue

(fig. 18).

Ikimmara sp.—A number of parallel bundles traverse the broad lamina, as in

Araucaria. In transverse section the transfusion-tissue is seen to extend on all sides of

the xylem, and there are also other smaller tracheides abutting directly on the ventral

side of the protoxylem (fig. 19). In longitudinal section one or two of these latter

elements are seen to be elongated tracheides with pointed ends and spiral thickenings

situated immediately on the ventral side of the elements of the protoxylem with loose

spirals. They thus exhibit an undoubted case of centripetal xylem. The transfusion-

tiacheides are of quite a different appearance and quite typical in character (fig. 20).

Sequoia gigantea, Lindl. & Gord.—In a transverse section of the cotyledon the single

bundle possesses a very conspicuous development of the secondary centrifugal xylem.

Only one or two elements of transfusion-tissue are present at the sides of the bundle.

There are no tracheides on the ventral side of the xylem. In a similar section of the

foliage-leaf theYe is seen to be a very much smaller amount of secondary centrifugal

wood. The transfusion-tissue, on the other hand, has reached a greater development

than I have seen in any other Conifer ; its outermost tracheides being of very great

diameter, nearly equalling that of the entire xylem of the bundle. The innermost are

very much smaller. The nearest approach to centripetal xylem in this plant that I

found w^as one of the innermost transfusion-tracheides, smaller than most of the others,

which was situated in an intermediate position between these and the protoxylem.

Widdringtonia Whytei, Rendle.—In a transverse section of the cotyledon the trans-

fusion-tracheides, which are of various shapes, both small and rounded and also very
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large and angular, are scattered on all sides of the xylem, sometimes appearing in

contact with the protoxylem. In longitudinal section they are seen to be short, broad

elements with spiral thickenings and bordered pits. In a similar section of the plumular

leaf it is interesting to note that the transfusion-tissue is confined to the sides of the

bundle ; there are no tracheides opposite the protoxylem, as in the cotyledon. This is

what one would expect to find in passing from the more primitive to the more modified

organ.

Libocedrus deciirrens, Torr.—In a transverse section of the cotyledon the transfusion-

tissue is seen to extend on all sides of the xylem of the single bundle, and there also

appear to be transitional elements between the protoxylem and the transfusion-tissue.

In a similar section of the phnmdar leaf the transfusion-tissue is seen to be present only

at the sides of the bundle, and entirely absent from the region opposite the protoxylem.

In a longitudinal section of the cotyledon it is seen that undoubted transitional stages

between the protoxylem and the transfusion-tissue exist opposite the former, consisting

of elongated tracheides with both spiral thickenings and bordered pits. To the outside

of these the tracheides become shorter and have exclusively bordered pits. On the sides

of the bundle the transfusion-tracheides are very much shorter and have either bordered

pits or reticulate-spiral thickenings. They are usually greater in diameter than those

opposite the protoxylem. In a longitudinal section of the plumular leaf the centripetal

xylem, of long elements with reticulate-spiral thickenings, is seen to occur on the ventral

side of the protoxylem, and there are transitions from these to the transfusion-tracheides,

w^hich are shorter and stouter.

Juniperus bermudiana, Linn.—In a transverse section of the cotyledon the transfusion-

tissue of the small bundle is seen extending from the lateral position round to the ventral

side of the protoxylem, where its tracheides are larger and also scarcely lignified ; in

some sections they are absent from this part. In a longitudinal section of the cotyledon

a vertical row^ of rather short tracheides was observed opposite the protoxylem. In a

transverse section of the leaf the transfusion-tissue occurs in a lateral position and is

only somewhat inclined towards the ventral side of the xylem, not extending so far

round in that direction as is the case in the cotyledon. This is interesting, as showing

the gradual modification which has taken place in the more recent organ.

In the great group of the Abietinege the transfusion-tissue is very characteristic and

has been well figured and described by Daguillon *. It consists of tracheides of the usual

shape, with very transparent walls and well-defined, circular, bordered pits. These occur

in the pericyclic region, and usually extend completely round the bundle, forming a kind

of cylinder of transfusion-tissue. In some it is chiefly found around the xylem, in

others, again, chiefly around the phloem. Daguillon cites the case of Pinus sylvestris, L.,

where, in the bundles of the cotyledon, the transfusion-tissue occurs on the ventral side of

the xylem, in thQfoliage-leaf on the contrary, chiefly round the phloem. This, again, is

a very suggestive and interesting case. In a transverse section of the cotyledon of Finns

Kev. gen. de Bot. ii. (1890).
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Thmihergii, Pari., which I examined, I could, however, find no trace of transfusion-tissue

anywhere.

IHnus Pinaster, Soland.—In a transverse section of the foliage-leaf tlie transfusion-

tissue occurs all round the bundle. But besides these elements, there were observed,

immediately on the ventral side of tlie protoxylem, a group of thin-walled, irrci^ularly-

shaped, rather small-celled elements with lignified walls. In a lonj^itudinal section th(^

parenchymatous elements abutting on the protoxylem appeared very much elongatetl,

with either oblique or horizontal walls, and had undergone a great amount of sliding-

growth. Among them were found trachcides with very small, but distinct, bordered

pits ; but in many of these thin-walled trachcides, which are of the same diameter and

length as those of the protoxylem, the bordered pits are almost obliterated, and, in a

great many, are entirely gone. It seems to me that these trachcides represent the last

lingering remnant of the centripetal xylem, which is gradually becoming resolved into

the parenchymatous elements above mentioned. Outside one of tliesc trachcides just

described were seen two tracbeides of the transfusion-tissue, of which it is to bo noted

that the innermost is much more elongated and narrower than the other one, this latter

representing the more normal form of these trachcides (PI. XXVI. fig. 21).

The following plants afford additional instances in which I have observed centripetal

xylem in the bundle of the leaf:

—

Cupressus torulosa, D. Don; Cunninghamia sinensis,

R. Br. ; Saxegothea conspicua, Lindl. ; Prumnopitys elegans, Phil. ; Torreya califoniica,

Torr. ; and T. nucifera, Sieb. & Zucc.

General Results.

Collating all these facts with the structure, as we have long known it, of the vascular

bundle of the leaves of Conifers and Cycads generally, it appears to me that there is a

clue to be found as to the origin of the transfusion-tissue in these plants. This tissue, as

seen in the cotyledonary bundles of Cycas and Ginkgo, is clearly an extension towards

the sides of the bundle of the centripetal xylem of the latter. As this tissue began to

extend itself irregularly both in a ventral and in a lateral direction away from the

protoxylem, the trachcides forming its lateral extension were finally fixed, and, occurring

as they did at the sides of the bimdle, bordering on the surrounding mesophyll of the

leaf, were eventually made use of as a permanent and useful auxiliary conducting-

system, this latter being found necessary on account of the inadequate distribution of

the bundles in the mesophyll of the leaf. In the case of Conifers, where the centrifugal

xylem has considerably increased in amount, the centripetal xylem, as such, tends to

disappear, but persists in a modified form when of use as an auxiliary conducting-system.

An objection to this view of the origin of the tissue in question has been raised on the

ground that trachcides, such as those of the transfusion-tissue, may be formed aiiyulhk .

at any time, and from any tissue of the plant. The transfusion-tracheides, it is urged,

may have been developed quite independently of the centripetal xylem, and have become

directly continuous with its lateral region, from the fact that this part of the xylem is the

most convenient for the attachment of the transfusion tissue. I quite admit the possibility
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of such an origin for a transfusion-tissue, and a conspicuous instance thereof is found in

the stem of Casuarina *, where trans fusion-tissue, consisting of tracheides with simple pits

and lignified walls, is formed directly from the parenchyma-cells immediately surrounding

the cortical bundles, and, of course, here quite independently of any centripetal xylem, a

tisssue which these bundles never possessed. But what I maintain is that in Gymno-

spermous plants the transfusion-tissue is nothing more or less than a direct extension of

the centripetal xylem. This could scarcely be decided upon from an examination of the

foliage-leaves of either Cycads or Conifers, but was conclusively revealed by an investiga-

tion of the cotyledons of these plants. The transitions in size and other characters

which take place, both in a ventral and in a lateral direction, between the elements

of the centripetal xylem directly opposite the protoxylem and those of the peripheral

transfusion-tissue, left no doubt as to the truth of the above inference. Had the

tracheides of the transfusion-tissue been formed independently from the pericyclic or

mesophyll-cells around the bundle, I see no reason why there should have been found

such easy and delicate transitions in size, &c., between these and the centripetal xylem.

It is true that there is a difference in size, both of diameter and length, between tlie

cells of the mesophyll and those of the perieycle; but this, though it might possibly

account for the transitions in size and shape above mentioned, yet would not account

for the transitions in the characters of the cell-wall which are frequently met Avith,

nor, indeed, for the fact that in the cotyledonary bundles the transfusion -tissue is

better developed on the ventral than on the lateral side of the bundle. In tlie

cotyledonary bundle of Ginkgo, as indicating the place of its origin, the traclieides of

the transfusion-tissue are frequently seen to be mingled witli the ordinary tracheides

of the centripetal xylem, and, in one case, an element of the former, witli reticulations

on its transverse wall, was seen jammed in between two elements of the latter tissue.

Again, if the transfusion-tissue were a distinct and independent formation, it would, I

imagine, not be so conspicuous in the cotyledons, e. g. of Ginkgo, as is in reality the

case. In these organs it can have but little function to perform. In the foliage-leaf,

on the contrary, of Ginkgo, where the importance of its function is obvious, it is but

very sparingly present as compared with its occurrence in the cotyledon of this plant.

The raison d'etre, then, of its having an origin independent of the centripetal xylem

in this case falls to the ground, while my own view, that the transfusion-tissue is a

modification of the centripetal xylem, is clearly supported by these facts.

That in those cases, of which there are several, where the transfusion-tissue is in direct

connection with the centrifugal xylem, there are seen to be transitions in size between

the elements of the two tissues, does not affect my position when it can be shown that

this is a purely secondary result, for in the cotyledonary bundles of Ginkgo and Cycas,

and in several other plants which I have examined, the transfusion-tissue is always to be

seen extending out from the region on the ventral side of the protoxylem. The transition

just mentioned is due, doubtless, to the difference in size between the parenchyma-cells

immediately adjoining the bundle, viz. those of the perieycle, and those, belonging to the

ground-tissue of the leaf, lying farther away.

On the whole, then, I think the facts justify my position, viz. that the normal

* " On the Comparative Anatomy of the Casuarinac," etc., Ann. Bot. vol. viii. (1894).
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transfusion-tissue (not the " accessory transfusion-tissue "), as at present known in the

foliar organs of Gymnosperms, is not an outlying tissue of no morphological value with

regard to the vascular bundle to which it is attached, but that it has a distinct and

definite origin in this bundle, viz, from the centripetal xylem ; that it was the successive,

itnlimited, centripetal development of the tracheides of this latter tissue which, generations

back, afforded, as it were, the first start, which has eventually culminated, in more modern

plants, in the characteristic transfusion-tissue at the side of, or in various positions around,

the vascular bundle. The albuminous cells or " pbloem transfusion-tissue," called by

Strasburger " CJebergangszellen," appear to arise, on the contrary, quite independently,

from the parenchyma-cells immediately flanking the phloem. Though evidently similar

in their function of conducting substances between the cells of the surrounding mesophyll

and the bundle, the two kinds of transfusion-tissue have, nevertheless, a very different

origin, the one springing from the vascular tissues of the bundle itself, the other from

the parenchyma lying outside these vascular tissues. The former, the xylem transfusion-

tissue, is not, as some have supposed, a distinctly new tissue derived from the parenchyma

of the ground-tissue of the leaf, or even of the pericyclic cells ; nor is it again, as others

have imagined, the equivalent of a lateral vein or branch of the bundle. The conclusion

at which I have arrived is that this tissue is a direct derivative of the centripetal xylem

which normally occurred as an important part of the vascular bundle in the ancestors of

the ConifersB (for which fossil plants afford ample evidence), and which still occurs in

full development, along with the transfusion-tissue, in modern Cycads. But as, in the

course of time, the centripetal xylem of the bundle, in the case of the Coniferae,

disappeared, as having become a useless tissue, the origin of the transfusion-tissue,

which has persisted as a highly useful portion of the bundle, though still perceptible in

Cycads, has, in the Coniferae, become almost completely obscured.

Summary.

The chief points to be gathered from the investigation into the subject of this paper

are the following :

—

1. The universal presence of transfusion-tissue in the leaves of Gymnosperms whose

venation is of a reduced or rudimentary character, and w^here the complex

reticulate or dichotomous venation of the Ferns or tbe higher Angiosperms is

lacking.

2. The conspicuous development of centripetal xylem in the vascular bundles of the

foliage-leaves of all modern Cycads, without exception, where it constitutes the

most important part of the xylem of the bundle. This is a point which has long

been familiar to botanists.

3. The discovery, for the first time, of a mesarch structure of the vascular bundle in tlie

leaves of Coniferse. In the cotyledonary bundles of Ginkgo biloba, Linn., where

this was first observed, the centripetal xylem forms the chief part of the woody

strands and is very conspicuously developed. In the bundles of the cotyledons

and mature leaves of all other Coniferae which were examined the centripetal

xylem is extremely reduced, this reduction having, in most cases, corresponded with

a greater development of the centrifugal xylem. It is most obviously present in

SECOND SERIES.—BOTANY, VOL. V. 3 A
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those genera which approach nearest to Ginkgo in general relationship, such as

Cephalotaxus and Taxus. In many genera, however, no trace of this tissue could

by discovered, at least in the sections examined, though it is not improbable

that isolated remnants of it may occur here and there along the course of the

bundle through the leaf.

4. The occurrence, in the cotyledonary bundles of Ginkgo hiloha, Linn., and Cycas

revoliita, Thunb., of an intimate union and gradual transition between the

tracheides of the centripetal xylem on the one hand and those of the trans-

fusion-tissue on the other; whence it may be justly inferred that the latter

tissue owes its origin, wherever it may subsequently be found, directly to the

former. Though in the leaves of the majority of Coniferae this origin is by this

time almost entirely obscured, owing to the more or less complete obliteration of

the centripetal xylem, it is still often evidenced by the presence of transfusion-

tissue on the ventral side of the xylem, by the very frequent extension of the

lateral transfusion-tissue towards the ventral side of the bundle^ and by the

transitions in the characters of the tracheides between those most externally

placed and those nearest the protoxylem. In the foliage-leaves of Cycas the

connection between the two tissues is obvious.

5. The final inference, that transfusion-tissue, wliich occurs almost universally in the

leaves of Gymnospermous plants as an auxiliary conducting-system, has been

phylogenetically derived from the ceatripetally-formed xylem of the vascular

bundle, and is thus, morphologically, an integral portion of the bundle itself.

I am indebted to Mr. C. P. Robertson-Glasgow for the use of some excellent

preparations of the cotyledons, leaves, &c., of various Coniferous plants. My best

thanks are also due to Dr. D. H. Scott for many invaluable criticisms and much
kind assistance during the progress of my work.

[The important discovery, quite recently made by the two Japanese botanists, Hirase

and Ikeno, of spermatozoids in the pollen-tubes of Cycas revoluta, Thunb,, and Ginkgo

hiloba, Linn., and still more recently by Webber in a species of Zamia, bridges over in a

striking manner the gulf, hitherto supposed to exist between flowerless and flowering

plants, between Ferns or Fern-like plants and Gymnosperms. The relation between the

two great groups of plants had already been partly indicated by the Fern-like foliage of

such a Cycad as Stangeria.

One of the most important of the facts brought forward in the present paper, viz. the

occurrence of centripetal xylem in the cotyledonary bundles of both Ginkgo biloba, Linn.,

and Cycas revoluta, Thunb., seems to me (especially in view l)oth of the external characters

and anatomical structure of such fossil forms as the Mcdullosece, Lyginodendron, and

Nceggerathia) to strongly support the above conclusion that Ginkgo and the Cycads hold

an intermediate position between soms primitive group or groups of Fern-like plants and

modern Gymnosperms.

1st October, 1897. W. C. W.]
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EXPLANATION OF THE PLATES.

Plate XXIII.

Fig. 1. Two tracheides of typical Gymnospermous transfusioD-tissue. X 390.

Fig. 2. Transverse section of a bundle from the pinna of Cycas circinaUs, Linn., showing centripetal

xylem and transfusion-tissue, x 130.

Fig. 3. Transverse section of a bundle from the cotyledon of Ginkgo biloba, Litm. x 300,

Fig. 4. Radial section of ditto, x 390.

Fig. 5. Transverse section of bundle from lamina of foliage-leaf of Ginkgo biloba^ Linn. x 390.

Plate XXIV.

Fig. 6. Transverse section of bundle from petiole of foliage-leaf of Qinkgo biloba, Linn. x 130.

Fig. 7. Radial section of bundle from petiole of foliage-loaf of Ginkgo bihhn, Linr). x 39f).

Fig. 8. Transverse section of bundle from lamina of cotyledon of Cycas revohita. Tluinb. x H5.

Fig. 9. Transverse section of bundle from stalk of cotyledon of Cycas revointa, Tluuil). x 390.

Fig. 10. Radial section of bundle from lamina of cotyledon of Cycas revoluta, Thunb. X 390,

Fig. 11. Tangential section of portion of pinna adjoining the bundle of Cycas circinalis, Linn., showing

the " accessory transfusion-tissue." x 130.

Plate XXV.

Fig. 12. Transverse section of bundle from pinna of Ceratozamia mexicana, Brongn. x 390.

Fig. 13. Transverse section of bundle from cotyledon of Cephalotaxus drupacen, Sieb. & Zucc. x 390.

Fig. 14. Radial section of bundle from cotyledon of Cephatolaxus Fortuni, Hook, x 390.

Fig. 15. Transverse section of bundle from leaf of 7'aa'M* baccata, Linn, x 390.

Fig. 16. Transverse section of leaf of Podocarpus chilina, Rich., showing accessory stone-cell tissue.

X 85.

Plate XXVI.

Fig. 17. Radial section of bundle from cotyledon of Araucaria excelsa, R. Br. x 390.

Fig. 18. Transverse section of bundle from leaf of Araucaria imbricata, Pav. x 390.

Fig. 19. Transverse section of bundle from leaf of Dammara sp. X 390.

Fig. 20. Radial section of ditto, and two tracheides of transfusion-tissue from the side of the bundle.

X 390.

Fig. 21. Radial section of leaf of Pinus Pinaster, Soland. X 390.
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IX. ^ew Peridiniacese from the Atlantic. By George Muriiay, F.R.S., F.L.S.,

Keeper of Botany, British Museum, and Erances G. Vi^wittiisQ, former Student

of Newnham College, Cambridge,

(Plates XXA^II.-XXXIII.)

Read 1 9th January, 1890.

JLHE material described in the following paper \vas collected by Messrs. Murray and

Blackman, during a voyage made in U.M.S. 'Para' (June, July, and August 1897),

while engaged in a study of the Coccospheres and llhabdosplieres, and other forms of

Phyto-plankton described elsewhere. Previous to this voyage in the ' Para,' and

subsequently in the ' Medway ' and ' Atrato,' Captain W. llaultain Milner (by the

pumping method, employed in all cases cited here) has collected with the greatest

success, while other collections have l)een contributed by Capt. Uudge on the * Avon,'

Capt. Tindall on the ' Elbe,' and Capt. Alex. Turbyne, while a passenger to the Cape

on the ' Dunvegan Castle.'

Almost the whole of our previous systematic knowledge of the marine Peridiniacese is

derived from Stein's ' Infusionsthiere ' and Schiitt's ' Peridiniaceae ' in the ' Ergebnisse

der Plankton Expedition der Humboldt-Stiftung,' these writers having included in their

treatment observations of older workers such as Ehrenberg. Stein, however, gives no

formal diagnoses of genera and species, though his excellent figures clearly indicate

the characters of his forms. Schiitt also reserves such diagnoses for a future volume,

contenting himself with a morphological exposition of the group, and with figures of his

new and other species in the book cited and in his ' Pflanzenleben der Hochsee.' He
has supplemented his text and figures, however, by giving the characters of the genera

in his ' Peridiniales,' in Engler and Prantl's * Natiirlichen Pflanzenfamilien.' Even then,

we have been compelled to represent here a few of his species for greater accuracy

in certain details.

As yet no one has shown an examj^le of the description of specific characters. In

writing these for the present memoir we have found many difficulties, and the chief

of these, in spite of Schiitt's work, was the determination of what should be generic

and what specific characters. In consideration of the fact that we are as yet merely at

the beginning of the systematic study of marine Peridiniacese, and that the exploration

of great tracts of ocean has yet to be undertaken with doubtless many new forms to be

revealed, we have decided that it would lead to less eventual confusion if we included

characters that at present look Hke generic characters among the specific. We have
done so deliberately in a few cases, having been warned by our experience in the

modification of the generic character by the addition of the new species we here describe.

It is clear that there are already, too many genera, and farther exploration may be
SECOND SERIES.—BOTANY, VOL. V. 3 B
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anticipated to confirm this view. Tor this first attempt at giving specific characters, then,

we heg indulgent criticism.

But it may be said that we should first justify our inclusion of the PerLdiniacese among

Phyto-plankton. It is no new^ step, such workers at Plankton as Cleve and Schiitt

having done it before us. Whether these Dino-Plagellata be reckoned plants or animals

—and in the absence of any absolute criterion we do not presume to assign them definitely

to either group—they appear to form much the largest ingredient in the great mass of

oceanic vegetation away from coastal waters, and in any study of the balance of animal

and plant life in the sea their weight is a solid one in the scale. The argument is a purely

physiological one, and is open to the criticism that the Peridiniacese may yet be animals

effecting for themselves by their own intrinsic chromatophores what the Radiolaria, for

example, accomplish by symbiosis with their yellow algal cells. However, this is not the

occasion for a discussion of the question, nor does the present limited knowledge of the

group justify any definite decision. We have found this form of vegetation predominant

on the high seas, and we venture to describe it.

In some of the names assigned to new species we have commemorated the services of

Captains Milner and Kudge, Messrs. JoUiffe and Hindmarch, the officers of ships who

have done so much in gathering in our material, and Mr. Blackman, who accompanied

Mr. Murray on one of the voyages, and to whose judgment we are indebted.

It Avas one of our objects to endeavour to discover from examination of the tables,

drawn uj) to give the results of each voyage, some evidence of seasonal change. With a

seasonal variation of temperature amounting to 5° Pahr. as far south as lat. 18° N.,

and of course a considerably greater variation farther north, some seasonal change in

the Plankton seems inevitable. After a series of comparisons we have come to the

conclusion that from the imperfections of the record on some of the voyages, especially

those at lowest temperature, we would not yet be justified in stating general results.

It will need a much longer series of records to establish any such results.

PTYCHODISCE^.

Ptychodiscus, stein.

The only known species, P. NocHluca, Stein, occurs very erratically in our records

from lat. 39"^ N. to lat. 14 S., sometimes very abundant, oftener altogether wanting. We
have figured it on PI. XXVII. figs. 5 a, b, in order to show its girdle view, w^hich is

lenticular in outline.

P. Noctihwa, var. fimbriatm. This new variety differs from the typical form in having

both projecting margins of the girdle fimbriate (PL XXVII. fig. 5 c). It was obtained

by Capt. Turbyne in lat. 41 30' X., long. 11° 10' W.

GLENODINIEiE.

Glenodinium, Ehrenb.

G. trochoideum. Stein, recorded previously from Kiel haven, occurred once only in

our collection (lat. 33' 20' X., long. 43 9' W.).



NEAY PEKIDIXIACE^. FROM THE ATLANTIC. 323

CERATIE^.

Ceratitjm, Schrank.

The species of this well-marked genus were present in every observation except two.

C. Tripos, a species subdivided hj some authorities, was present, in one form or other,

in almost every gathering throughout the year from home waters to Colon, and is equally

steady in the single series of observations down the coast of Brazil. C. Furca, C. Furca,

var. baltlca, C. Fusus, and C. Candelabi'um appear throughout the records. C. Limulus

ranges from the Equator to about lat. 41° N., so far as our gatherings show^ its distri-

bution. C. gravidum^ a rarer species, and one of quite aberrant form, has much the

same range as C. Limulus, reaching lat. 38° IN". C. digitatum occurred twice only,

viz., in lat. 16° to 17 N., long. 68 to 69'' W. A very distinct new species, which we
have named C. hiconicum, occurred only once in lat. 35^ 20' N., long. 37 20' W.

C. BICONICUM, sp. n. Body divided into two nearly equal limbs, widest at the girdle,

each limb conical in shape, and the whole (including girdle) covered with fine

punctate markings, streaks free from markings running lengthwise ; ends of girdle

slightly oblique ; distal limb blunt at apex, proximal limb acuminate with irregular

elongate foraminal area, and a thin membranous projecting flange near the foramen.

(PL XXVII.figs. 4ia,b,c.)

The nearest ally of this species is clearly C Fusus, which is much more elongate and

thinner in proportion, and possesses a trace of a third limb near the girdle. There is no

definite appearance of separate plates in the structure of the limbs or girdle. But for

its resemblance to C. Fusus there would have been a difficulty in assigning C. biconici(/m

to this genus, of which it is decidedly the simplest of its varied forms.

The variations in the species of Ceratimn are noteworthy from the fact that it would

be almost possible to demonstrate a linear series of forms connecting C. hiconicum,

through C. Fusus, C. Furca, C. Candelabrum, and C. Tripos, with C. Limulus %

C, digitatum and C. gravidum being divergent.

GoNYATJLAX, Dies.

Gonyaulax birostris and G. 'polygramma appear from our records to have a fairly wide

distribution in the Atlantic, the latter ranging from lat. 1 X. to lat. 42 X., and the

former being both tropical and temperate. Stein gives both as coming from the *' South

Sea." In addition to these species we have observed three others, all new.

G. TuEBYNEi, sp. n. Body approximately ovate, divided into two nearly equal limbs by

the girdle, all its plates covered with punctate markings
; proximal limb composed

of one row of numerous narrow, elongate, mostly four-sided plates, the arrangement

of the plates irregular in the region of the foramen ; distal limb composed of two
rows of similar plates, those adjacent to the girdle being much larger than the

others. (PL XXVIII. figs. 4 a, h.)

3b2
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It ranges from lat. 16' 54' S., long. 2° 54' E., to 47^ N. by 13° W., and to long. 72° W.

in 16° and 17° N. lat.

GoxYAULAx JoLLiFFEi, sp. n. Bodv divided into two nearly equal limbs, widest at the

girdle, ends of girdle oblique ; tlie membrane, including girdle, composed of angular

plates covered with fine punctate markings ; the proximal limb tapering abruptly,

acuminate, apex consisting of a single conical plate ; the distal limb very deeply

trifid. (Plate XXVIII. figs. 1 a, b.)

Its nearest ally is evidently G. polygramma, as figured by Stein, though its plates

approximate to those of G. hirostris (' Infusionsthiere,' Abth. iii. plate iv. figs. 16 & 20).

Its range is from the Azores to Panama.

€r. HiGHLEii, sp. n. Body divided into tw o approximately equal limbs, widest at the

girdle ; memlirane composed of angular plates, finely punctate ;
girdle punctate, and

ends of same oblique
;
proximal limb rounded below, tapering above, drawn out

into a long unmarked spine which is enveloped in a sheath ; foraminal area irregu-

larly oval ; distal end armed with two long sheathed spines, Avhich are finely marked

for two thirds of their length. (PI. XXVIII. figs. 2 «, b.)

Its range is the same as G. Jolliffei, though it has not been traced quite so far

north.

G. GLYPTOEHYXCHUS, sp. n. Body divided into tw^o nearly equal limbs, widest at the

girdle ; membrane composed of angular plates, faintly punctate
; girdle unmarked

and with prominent margins, ends oblique; proximal limb conical, but slightly

rounded, terminating in a spine marked with tw^o lateral bands of oblique striae

;

foraminal area irregularly oval ; distal limb armed with tw^o, sometimes three blunt

spines, marked externally with exactly transverse striae. (PI. XXVIII. figs. 3 a, h, c.)

In the sea between Barbadoes and the Azores (between lat. 18" X., long. 52° W., and

lat. 24° X., loDg. 51° W.

GoNiODOMA, Stein.

It will be seen from an iDspection of the Tables that G. acuminatum, Stein, the only

species known hitherto, occurs wdth great regularity in all the waters traversed. For

example, in the Table of ' Para,' Voyage III., we miss it only in three gatherings. In

the voyages of the ' Medway ' and ' Atrato,' late in the season, it drops out from certain

gatherings, and it might appear that we have here an indication of some seasonal change.

That this is improbable appears from the fact that we miss it only in tropical waters

w^here there is comparatively little fluctuation of temperature; and in the *Para'

A^oyage I. (February-March) it drops out from the record only twice. Moreover, it

shares this absence from the * Medway ' gatherings with a number of other common

forms such as Feridinittm divergens, thus pointing to some casual imperfection in the

mode of collecting. We have added the following three new species :

—
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GoNiODOMA MiLNERi, sp. D. Body unequally divided by the girdle ; membrane, including

that of girdle, finely punctate ; proximal limb the smaller, dome-shaped, but the

upper plates forming a projection, tlie lower plates broad at their bases wliere they

join the girdle, narrowing upward ; forarainal area irregularly elongate ; distal

limb box-shaped, the sides composed of six plates, four of them nearly square, two

oblong and a flat bottom, with short spines projecting downward at the junctions

of the plates and at the ends of the girdle. (PI. XXVII. figs. 2 a, b, <?, d.)

Figs. 2 a, 6 represent the tyj^ical form of G. Milneri. Pigs. 2 c, d, representing

another form (one encysted), are noteworthy as showing the body divided into more

equal halves, this equality being attained by a narrowing downward of the distal

limb. The divergence of this form is so great and so fixed as almost to entitle it to

specific rank. The species differs from G. acuminatum mainly in the typictil unequal

division of the body and its shape, the projection on the proximal limb, and in the

possession of spines. In this last respect it is approached by G. acuminatum, var.

armatum, Schiitt. Its range is from the Azores to the Caribbean Sea.

G. FiMBRiATUM, sp. n. Body divided into two limbs almost equal in bulk but of different

shapes ; membrane finely punctate
; girdle projecting at both margins as a fine

membrane with a row of acute tooth-like supj)orts
; proximal limb narrowing towards

the flat base, armed with short spines at the junctions of the plates ; distal limb

dome-shaped, composed of six plates, broad at the base, narrowing upward, where

they join an apical six-sided area. (PL XXVII. figs. 1 «, b.)

Its range, so far as we can tell at present, is between lat. 40^ N., long. 29° W., and lat.

14 N., long. 71° to 76 W.

G. SPH^ERicuM, sf>. n. Body spherical and symmetrically divided by the girdle ; margins

of girdle prominent and unmarked ; six plates of distal limb broad at the base

where they meet the girdle, narrowing above and converging towards the square,

arched, apical plate ; the plates of proximal limb nearly the same in shape and
arrangement, but differing slightly owing to the presence of the foraminal area

;

an apical pore present on the proximal plate. (PL XXVII. figs. 3 a, b.)

This species is at once distinguished from the others by its spherical shape, thou^'h

the arrangement of its plates proclaims it a true Goniodoma. So far as our records

show, its distribution is very limited, viz. from lat. 35° X., long. 29' W., to lat. 27° N.,

long. 41° W.

DiPLOPSALis, Bergh.

Biplopsalis Lenticula, Bergh, the only species hitherto known, appears only once in

our record, viz. in lat. 25° 41' N., long. 49° 31' W. A new species, of very distinct

aspect, appeared in our captures of 22nd June, the day of Her Majesty's Jubilee, and
in commemoration of the fact we have named it

D. s^cuLARis, sp. n. Body in the girdle-view an irregular ellipse, divided by the girdle

into fairly equal limbs ;
girdle fimbriate on botli margins, with the ends widely

oblique; proximal limb composed of irregular four-sided plates, each with a few



326 ME. G. MUERAY A^^D MISS F. G-. WHITTING ON

scattered punctate markings, two fine spines and a few shorter ones by foraminal

area ; distal limb composed of one large, somewhat crescent-shaped, apical plate,

and other smaller ones bordering the girdle, mostly nnmarked, two of them on the

ventral side depressed, with the one between them punctate. (PI. XXVIII.

figs. 5 a, h.)

Pigs. 5 c, d, e represent a variety Avith dome-shaped limbs, almost spherical in general

outline; and fig. 5/ another variety, in which two horn-like projections take the place of

the spines near the foramen.

The whole body of J), scecularis has a very delicate and fragile look, and appears

translucent from the faintness and fewness of the fine markings. Its range is from

lat. 37' X., i. e. a little south of the Azores, to the Isthmus of Panama.

pEEiDixiUM, Ehrenb.

P. divergens, Ehrenb., like Goniodoma acuminatum and Ceratimn Tripos^ has an

almost universal record in all our gatherings. Constant though its occurrence was,

it was by no means regular in form. The variations in form were such that it is difiicult

to believe that one species embraces them all. However, they did not occur mixed to any

great extent in the gatherings, but mostly one at a time, and in any case always one form

predominant, which seems to point to their l)eing not separate species but local varieties.

In the voyage of the 'Avon,' Capt. Rudge evidently passed through a shoal of F. diver'-

gens about 24 hours' steaming from soundings, and in the next gathering but one, when

just inside soundings, there was only one P. divergens observed, and in place of this

species a shoal of Kalosphcera viridis. The figures (in PL XXIX. figs. 4 «, b) show,

in the larger one, an extreme form of P. divergens with its contents, and in the other

a form near it. P. Ilichaelis has a wide range like P. divergens, but occurs much more

sparsely. P. Globulus also has a wide distribution, ranging from lat. 6"" S. to lat. 44° X.

in the Atlantic. P. tristylum occurs sparingly from the Azores to Panama. We have

noted the following new species :

—

P. HiNDMAKCHii, sp. n. Body divided into two almost equal limbs by the girdle,

uniformly covered with large 4-5-sided areolae ; girdle similarly marked with one

row ; ends of girdle very slightly oblique ; foraminal area furrowed, elongate,

extending into distal limb; proximal limb widely bifurcate; distal limb bluntly

conical. (PL XXIX. figs. 1 a, b.)

In P. Sindmarchii and in the following species there is no apparent plate-structure,

and we assume that the indications of its existence are obliterated by the large areolae

which cover the whole body. The species occurs from about lat. 34° N., long. 39° W.,

to Panama, but never abundantly.

P. LEioRHTKCHUM, sp. n. Body divided into two approximately equal limbs by the

girdle; girdle at one end broad, areolate, and very much narrowed at the other end

and without markings
; proximal limb composed of irregular plates bordering the
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girdle, widely bifurcate, the bifurcations each terminating in an acute spine, with a

few^ minute projections round the foramen ; distal liml) bluntly conical, partially

areolate. (PI. XXIX. figs. 2 a, h.)

It occurs in latitudes between 20" and 10° ^". and longitudes 30° to 50' W.

Peridinium Milneri, sp. n. Body unequally divided at the girdle ;
girdle areolate,

with very oblique ends; proximal limb composed of mostly 4-sided plates, with

broad, clear, unmarked margins, the areolae being of irregular shape and size

and strongly marked, with projections at the extremity ; distal limb lid-like,

irregularly areolate. (PL XXIX. figs. 3 «, b.)

It occurs in lat. 29° to 31° N., long, 42° to 44^ W.

P. Tripos, sp. n. Body widest at the girdle
;
girdle composed of a single row of large

areola?, ends oblique ;
proximal limb marked with rows of large areolae, with three

short acute spines at the extremity, foraminal area elongate ; distal limb the smaller,

areolate, with three short projections at the apex. (PI. XXX. figs. 4 a, b.)

It occurs in latitudes from 31° to 14 N. and longitudes 38" to 58° W.

P. DoMA, sp. n. Body widest at the girdle
;
girdle broader at one end, with 2-3 rows of

areolae, ends oblique ; proximal limb composed of large plates irregularly arranged

and areolate, foraminal area elongate, furrowed ; distal limb dome-shaped, areolate,

without distinct plate-structure. (PL XXX. fig. 3.)

It was obtained in lat. 34' to 39' N., long. 39° to 32' W.

p. VEXANS, sp. n. Body widest at the girdle, without apparent plate-structure, pitted all

over, including girdle; ends of girdle oblique; proximal limb with two small

projections near the extremity of the elongate foraminal area ; distal limb bluntly

conical. (PL XXIX. figs. 7 a, b.)

P. vexans was found in lat. 44° to 47° N., long. 19° to 13' W.

P. trirostre, sp. n. Body divided into two nearly equal limbs by the girdle, covered

with large areolae varying in size and form
;
girdle wdth one row of large areolae

bordered by two smaller rows, ends wddely oblique
; proximal limb trifurcate,

foraminal area with unmarked projecting membrane ; distal limb bluntly conical.

(PL XXIX. fig. 5.)

'

It was found once only in lat. 25° 41' X. and long. 49^ 31' AV.

P. Blackmani, sp. n. Body equally divided at the girdle ; girdle finely areolate,

foraminal area in deep narrow furrows ; proximal limb widely bifurcate at the

extremity, with large four-sided plates l)ordering the girdle, clear and transparent,

but marked with exceedingly delicate areolae, beyond these plates the limb covered

with strongly-marked oval areolae to the ends of the bifurcations ; distal limb

conical, with clear plates bordering the girdle as in proximal limb, and beyond them

strongly areolate to the apex. (PL XXIX. figs. {) n, h, c.)

This very large and handsome Peridinium is of rare occurrence, but we record it from
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the Caribbean Sea "between Jamaica and Colon and from the Atlantic between lat. 25° N.

and lat. 9' N.

Pekidinium sph^ricum, sp. n. Body sj)herical and entirely free from markings, exactly

diA'ided into two equal limbs by the girdles ; girdle unmarked, ends oblique
;
plates

of both proximal and distal limbs mostly 5-sided, large, and distinct ; foraminal

area elongate, not depressed, foramen oval ; distal limb with apical pore.

(PL XXX. figs. 1 a, b.)

This species is closely related to P. Globulus, from which it differs in its larger

plates and in the body and girdle being entirely free from the markings characteristic

of P. Globulus. We have represented on PI. XXX. figs. 2 a, b, an organism which

occurred in one gathering only and puzzled us not a little. It has no discernible girdle,

no markings on the plates, but in other respects, especially the shape of the plates and

the markings at their junctions and the foraminal plate, it strongly recalls P. Globulus.

P. sphcericum occurs in the Atlantic from lat. M° X. to lat. 9"" X.

P. SPIXULOSUM, sp. n. Body ovate, unequally divided by the girdle, ends of girdle

meeting exactly, the whole surface strongly areolated with short thick spines at the

angles of the 4-sided areolae
; proximal limb larger than distal ; foraminal area

narrow. (PI. XXIX. fig. 8.)

This minute species was found in one gathering, lat. 28° X., long. 40° W., in the

voyage of tlie ' Atrato.' This species has a superficial resemblance to Protoceratium

reticulatwm.

PoDOLAMPAS, stein.

Podola77ipas bipes. Stein, and P. palmipes, Stein, occurred with very fair regularity

over the region we have examined, but particularly from lat. 40° N. southward.

Amphidoma, Stein.

Amphidoma Nucula, Stein, the only knoAvn species, occurred with great constancy

throughout the region examined.

OxYTOXLM, Stein.

Oxytoivmn Scolopax, Stein, and O. constricttim, Schiitt, range from the Azores to the

Equator in the Atlantic and to Panama in the Caribl)ean ; 0. diploconus, Stein, from

the Azores to Panama ; O. tessellatum, Schiitt, from lat. 35° X. to lat. 14° N.

0. Gladiolus, Stem, occurs only near the Azores in our gatherings, and 0. reticulattm,

Schiitt, from the Azores to lat. 19'' X. (Stein gives the Mediterranean as its home).

On PI. XXVII. fig. 7 we have figured 0. coiistrictum to show its chromatophores.

In addition to these species, Ave found another which must be recorded as new :

—

O. MiLNERi, sp. n. Body approximately spindle-shaped, unequally divided by the girdle ;

the whole membrane, except the girdle, finely punctate ; girdle with one row of

4-sided areolae
; proximal limb acutely conical, composed of long, narrow, tapering
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plates extending from the girdle to the apex ; apex elongate-acuminate ; distal limb

short, bluntly conical, but terminating in an elongate-acuminate apex slightly out of

the median line, composed of plates tapering from the girdle. (PI. XXVII. tig. 6.)

Its distribution is from the Azores to Panama.

Ceratocorys, Stein.

Ceratocorys horrida, the only species known hitherto, is abundant south of lat. 35° K.

to lat. 14° S. in the Atlantic and to Panama in the Caribbean. Stein gives it as from

Polynesia. Now and then we came upon a variety of it figured on PI. XXX. fig. 5 </, and

an encysted state, fig. 55. The variety (or possibly new species) is distinguished by having

its spines in one plane and by the slightly developed distal limb and girdle as seen in the

figure.

In the gatherings of the ' Atrato,' lat. 32° N. and lat. 23°-24° N., we found Avhat was

undoubtedly the lid-like proximal limb of a Ceratocorys which we took to be new and

gave it a provisional name. It is represented in PI. XXX. fig. Qd. In the 'Elbe'

collections we found it again in lat. 2^ N. and on the Line, the lids being smaller and

plainly belonging to younger specimens (fig. 6 c). In spite of repeated search for the rest

of the organism we had given it up, when fortunately one appeared at the last moment in a

gathering from lat. 4°-6° S. We are thus able to give a description of this new species as

C. SPINIFEE.A, sp. n. Body unequally divided by the girdle and marked with numerous

small irregular pits over the plates; girdle marked by one row of rectangular

areolae, both margins projecting and acutely serrate, but wdth a fine membrane
between the teeth, ends oblique ;

proximal limb the smaller, arched and lid-like,

composed of four segmental plates with broad, thick, projecting ribs, honeycombed

with pits at the junctions ; foraminal area (with foramen at the apex of the limb)

on the specially broad rib w^hich runs down to the ends of the girdle, where it is

depressed and continues as a furrow^ on the distal limb ; distal limb much larger

than the proximal, composed of 4 (?) plates with six large four-winged spines

below, the outer wing decurrent from the girdle, each spine with a stout, central

axis giving off to each wing a row of secondary branches near the extremity.

(PI. XXX. figs. 6 a, b,c, d).

Its distribution is from lat. 28° N. to lat. 6° S. and evidently very rare, since w^e have

met with it only five times, and in a complete state only once. Its main points of

difference from C. horrida may be summarized as the arched lid with its broad, j^rojectino-,

honeycombed ribs, its acutely serrate girdle, and its broader and shorter spines.

On PL XXX. fig. 6 e there is represented either a younger state of this species

in which only two spines have appeared, or a variety with tw^o spines. The whole
organism is smaller than typical C. spmifera, which favours the former view^ ; on the

other hand, its two spines appear to be as well-developed as the six spines of the type.

A comparison of the magnifications of the figures suggests either a great range in size

of this species, or that the form figured (PI. XXX. figs. 6 a, h) is not yet mature. Its

magnification is X 840, while that of the proximal limb (fig. 6 d) is x 410, and it is only
slightly larger in the figure.

SECOND SERIES.—BOTANY, VOL. V. 3 C
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DINOPHYSE^E.

Phalaceoma, stein.

'Fhalacroma operculatum^ Stein, and P. doryphoriun, Stein, occur pretty constantly

over the wkole region examined. P. Mitra, Schiitt, not so abundant as these, occurs,

however, over the region from the Azores to Panama. On PI. XXXI. fig. 7 we have

represented this species, since we are not satisfied with the author's presentment of some

of its details in his ' Peridiniacese,' pi. 4. fig. 18. P. Jourdani, Schiitt, occurred in one

gathering in lat. IT 58' N., long. 53" 32' W. P. porodictijum. Stein, also occurred in

one collection, viz. in lat. ZT 44' N., long. 30" 55' W. P. Globulus, Schiitt, occurs

from lat. 35° N. to lat. 20° IS"., and P. cunens, Schiitt, was found once only in lat. 24° 9' N.,

long. 52° 50' W. Besides these we found four new species.

P. Blackimaki, sp. n. Body divided into two unequal limbs by the girdle, nearly ovate,

covered all over (including girdle) with large, well-marked, 4-5-sided areolae ;
girdle

projecting at both margins as a fine membrane with a row of acute tooth-like

supports ;
proximal limb the larger, composed of two plates, with sail decurrent

nearly its whole length, supported by three short spines ;
plates joined by a serrate

suture running lengthwise round the body and corresponding with a similar suture

on the distal limb, which also consists of only two plates and is slightly arched.

(PL XXXI. figs. 4«, b).

This l)eautiful JPhalac7'oma is by no means common, but occurred often enough to

enable us to trace its distribution from the Azores to Panama.

P. HiNDMAHCHii, sp. n. Body divided into two unequal limbs by the girdle, nearly

globular, with a protrusion at proximal end, uniformly marked with minute

spherical pits ; proximal limb the larger, with sail supported by three spines, the

lowest having a round knob at the end ; distal limb highly arched. (PI. XXXI.
fig. 5.)

Its distribution is from lat. 34° N. to lat. 14° N. It is closely allied to P. opercwlatum,

differing from it principally in the singular protrusion from the proximal limb and in

the character of the sail.

P. DOLICHOPTERYGIUM, sp. n. Body very unequally divided by the girdle, and uniformly

covered with minute spherical pits ; girdle with its margins projecting as a fine

membrane supported by a row of spines
; proximal limb with sail decurrent its

whole length, narrower and projecting laterally on the side bearing the sail ;
distal

liml) very slightly arched. (PI. XXXI. fig. 8 a, b.)

This species occurs from lat. 8° 51' N. to lat. 35' N. It resembles most nearly

P. Mitra, from which it may be distinguished by its shape, long decurrent sail, and

finer markings.
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I'HALACROMA RrDGEi, sp. 11. Bodj Unequally divided by the girdle, with no markings,

ovate in side view, of proportionately great breadth in ventral view, with broad flat

suture-plates on both limbs
;
proximal limb with narrow and short sail ; distal limb

slightly arched. (PL XXXI. figs. 6 a, b.)

It appeared only once in our collections, viz. in lat. 37 55' N., long. 36 42' W.,

where it was found by Capt. Rudge of the ' Avon.'

DiNOPHYSis, Ehrenb.

This genus abounds especially in the Atlantic between the Azores and Barbados*

D. Somunculus, Stein, occurred very constantly from lat. 48^ X. to Panama ; D. rotimdata.

Clap. & Lachm., from lat. 41^ X. to the Caribbean ; D. hastata, Stein, occurred from lat.

41° X. to lat. 18° X. ; D. uracantha, Stein, from lat. 43 X. to Panama ; D. sphcBrica,

Stein, from lat. 44° X. to lat. 18 X. ; D. acuta, Elirenb., from lat. 49 X. to lat. 29" X.

;

D. Sacculus once only in lat. 41 30' X., long. 28 W. In addition to these we found one

new species, viz. :

—

D. RuDGEi, sp. n. Body globular
;
proximal limb covered with very large circular pits,

and with a terminal spear-like appendage and a very small sail; girdle with

proximal margin produced and forming a transparent collar, and distal margin

prolonged into a short cylindrical funnel. (PI. XXXI. fig. 9 a, h.)

It occurred only on the voyage of the ' Avon ' in lat. 33 20' X., lon^. 43' 9' W.

D. ScHUETTii, nob.

In his ' PeridiniaceaB of the German Xational Plankton Expedition' (tab. ii. fig. 9).

Dr. Schlltt has figured under the name of Liyiophysis uracantha. Stein, a specimen

which, on comparison with Stein's figure (' Infusionsthiere,' pt. iii. tab. xx. figs. 22, 23),

presents manifest differences. We have found an organism (PI. XXXI. fig. 10) ao-reein"-

with Dr. Sehiitt's figure. It differs from _D. uracantha in the form of its sail and in

having no terminal spine, but with a process supporting a small, narrow membrane at

its base, placed on the dorsal side. We have separated it from D. uracantha under the

above name.

Amphisolenia, Stein.

A. palmata. Stein, occurs from lat. 38 X. to lat. 14 X., and A. Thrinax, Schiitt, from

lat. 29° X. to lat. 27 X.

Another species, described below, which appears to be intermediate in the characters it

presents between A. palmata, Stein, and A. Thrinax, Schiitt (in * Pflanzenleben der

Hochsee,' p. 33), occurred in the same place and in the collections made by the ' Elbe.'

A. BiFURCATA, sp. u. Proximal limb composing the body \ the distal limb composed of

two plates and reduced to a flat membrane ; margins of girdle expanded into

two frills equal in size and of like appearance ; proximal limb elongate, swollen to

3c2
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three times the ordinary diameter immediately below the foramen, bifurcate below,

bifurcations slightly swollen iu the middle and each with a small spur near the

extremity. (PI. XXXI. fig. 1.)

Prom lat. 30 ?f. and long. 40' W. with the other species, and iu lat. 4i'-6° S., long.

32' 32' to 30 39' W. It reaches long. 72 W. in lat. 16' to 17° N.

Amphisolenia inplata, sp. n. Proximal limb composing much the greater part of the

body, swollen for half its length to 5 times (lateral view), 2-3 times (foraminal view)

immediately below foramen, unbranched, without a spur at the extremity ; distal

limb reduced to a fiat membrane
; girdle with each margin expanded into a frill,

the distal one wider, the proximal decurrent to foramen. (PL XXXI. figs. 2 a, h.)

It occurs in lat. 34° to 39' N., long. 39' to 32' W.

HiSTiONEis, Stein.

Owing to our discovery principally of Histioneis Francesc(B and of such other forms

near it as S. Farcty it is clear that the distinction between Stein's two genera

Histmneis and Ormthocercus disappears. At first we had serious doubts as to the

inclusion of O. splemUdus, Schiitt ( = O. splendens^ Schiitt, in Engler and Prantl, Nat.

Pflanzenfam. Peridin. p. 29), which appeared to have in place of a sail three spines,

somewhat like those of a Ceratoco7*ys. However, on careful examination we found

specimens with an extremely fragile sail of much the same character otherwise as that of

H. magnifica (see PL XXXII. figs. 1 a, h, c) with similar terminal thickenings. This has

escaped attention from two causes : (1) it is frequently broken, and represented only by

the three main supports hanging down and giving the appearance of Ceratocorys spines

;

and (2) by this species habitually presenting under the microscope its ventral aspect,

in which the sail, if present, appears very foreshortened. The distal limb is larger and

more arched in H. splendida than in any other Sistio7ieis, and the two plates composing

it are joined by a zigzag suture (see PL XXXII. fig. 1 c). Its collar and funnel are

alike, and in this important character it is distinct from the other species of Ilistioneis.

We suggest the establishment of a section of the genus for the reception of such forms

under the name Paraschuettia, which would be not only descriptive (thougli barbarously),

but also commemorative of Dr. Schiitt's great services to the study of phyto-plankton.

H. splendida is a comparatively rare organism in our gatherings, but we found it

from lat. 34' 30' X., long. 30' W., to lat. 13° 6' X., long. 78° 44' W.
B. magnifica (PL XXXII. fig. 2) is one of the most abundant and constantly occurring

Peridiniaceae in the warm Atlantic, ranging, according to our records, from lat. 44° N. to

lat. 14° 44' S. in the Atlantic an dto Panama in the Caribbean. It varies greatly in size

and in the character of the markings on the sail and funnel. We have represented a fairly

typical one in fig. 2 for the purpose of comparison with the other species.

H. remora, Stein, occurred in gatherings from lat. 31° N. to lat. 8 N. in the Atlantic,

and to Panama in the Caribbean ; Jff. biremis, Stein, from lat. 31 N. to Panama ;
and

H. crateriformis, from lat. 31° X., long. 35 W., to lat. 16 N., long. 77' W., i- e.

practically the same distribution as the other two. Among the new species which we
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describe, lat. 35 X. represents the farthest north of Histloneis Fratwesccu ; lat. 31 N.

of two, viz. S. mghleii and H. Ilitchellana ; lat. 30° N. of U. Releiice ; lat. 29° N. of

S. Dolon; lat. 33^ N. of S. Para; lat. 2i° N. of M. dentata; and lat. 23° N. of

M, Milneri. It Avill he seen, therefore, that these additions to the genus are all, like

the species already known, confined to the warm Atlantic. On PI. XXXII. fig. 6 we

have figured JI. hiremis. Stein, a different form from Stein's, though clearly the same

species. In our specimens the funnel is of somewhat different shape and quite differently

marked, and the sail also differently marked. The latter variation occurs in most species.

Our records are rich in new species of this remarkable genus.

HiSTiONEis Erancesc^, sp. n. Body irregularly globular, composed of proximal limb

and girdle, slightly compressed laterally, pitted ; girdle broad, pitted, distal margin

expanded into a large wide funnel with unbranched radiate nervation and entire edge,

proximal margin forming a broad pitted collar, open on dorsal as well as on ventral

side, one half continued dowm on ventral side to the sail, the division between end

of collar and sail near foramen ; sail extending underneath the proximal limb along

the junction of the two plates that form the limb, with straight, occasionally

branching nervation (the nerves being fairly uniform in size), and pitted, especially

near the body, with an entire margin bordered with parallel peripheral lines ; distal

limb reduced to a small flat membrane at base of funnel. (PI. XXXII. fig. 3.)

It ranges from lat. 35= 20' N. to lat. 14° to 16° N., long. 58° 32' W. It never occurs

plentifully even though it has so wide a distribution, practically from the Azores to

Barbados.

It is chiefly on the characters afforded by this singularly beautiful species that the

generic distinction l)etw^een Stein's Ornitliocercus and Histioneis breaks do^ii. The
collar open on the dorsal side, with the other characters, brought this species into line

with our JBL. Para, H, hiremis^ Stein, &c. ; while, on the other hand, in describing it Ave

have to bear in mind the necessity of distinguishing it from H. magnifica, the original

type of Stein's Ornithocerciis. It may readily be distinguished from it by the collar

open on the dorsal side and by the whole character of the sail, which has no specially

stout nerves running down to thickened endings as in JS. magnified, but a close-set

uniform nervation, with pits near the body.

H. Para, sp. n. Proximal limb from semi-globular to semi-oval in shape, very little if

at all compressed laterally, pitted, wdth a long, narrow, pointed, flat sail, sometimes

pitted near the point only (and in that case with a few transverse thickened bars),

decurrent to the extremity of limb or nearly so; girdle l:>road at the proximal

margin, pitted, the proximal margin expanded into a collar, unmarked, but
supported by a few upright thickened bars, open on both dorsal and ventral sides

but not decurrent to the sail, which, however, reaches its base ; distal mar^-in

expanded into a broad funnel with radiating nervation, the nerves unbranched
edge entire ; distal limb reduced to a flat membrane. (PI. XXXII. figs. 4 a, h, c.)

This species was at times fairly plentiful from 28° N. in the Atlantic to Panama in
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the Caribbean. It is most nearly allied to S. Franceses, from which it differs in the

totally different sail, the plain, unpitted, and not decurrent collar, and the shape of the

body. It is constant in all its characters except the markings on the sail and the

slightly varying shape of the proximal limb.

HiSTiONEis DENTATA, sp. n. Proximal limb semi-ovate, laterally compressed halfway

towards extremity, pitted, with an irregular flat sail ; sail narrow in its upper part,

but at once widening, then narrowing again irregularly, with large pits of varying size,

and with one supporting thickened bar projecting from the extremity of the limb

and the sail itself extending beyond it on the dorsal side ; girdle pitted, expanding

at proximal margin into a collar, with one large, clear, unmarked area on each half,

but supported on the dorsal and ventral sides by thickened pitted ends, open at both

dorsal and ventral sides and decurrent on one side in a narrow thickened and pitted

band past the foramen to the sail ; distal margin expanding into a funnel with a

dentate edge, and with much thickened, upriglit, radiate bars, each thickest at the top

and toothed in a radial direction ; distal limb reduced, but bearing a tuft of upright

spines emerging slightly above the funnel. (PL XXXIII. figs. I«, b.)

Found onlv in lat. 2I°-25' N., long. 51-50" W.

H. HiGHLEii, sp. n. Proximal limb pitted all over, hollowed above at the girdle, and

continued downward into a long cylindrical extension rounded at the end, giving

the whole limb a trifurcate appearance ; with sail narrow where it joins the limb,

broadening outwards, supported at its upper and lower margins by thickened bars,

unmarked except in lower outer corner
;
girdle pitted, with its proximal margin

expanding into a large, high, unmarked collar slightly constricted near the top, open

on both dorsal and ventral sides, and bearing as an appendage on the ventral side a

membranous expansion like a small sail set above the true one ; upper margin of

girdle expanded into a funnel narrow and unmarked below, then slightly pitted

where it begins to expand, and with radiate thickened bars above, the bars bearing

each a minute knob at the top, edge of funnel entire ; distal limb almost suppressed,

consisting of a minute flat membrane at base of funnel. (PL XXXII. fig. 5.)

Prom lat. 31' X. to lat. 23° N. in the Atlantic.

H. MiLNERi, sp. n. Proximal limb short, stout, curved, ftiintly and sparsely pitted, and

with a row of distinct punctate markings where it borders the girdle, and a similar row

parallel to it on the girdle itself, bearing on the ventral side the sail supported by

thickened curved bars top and bottom, [and bordered with parallel peripheral

thickened lines with two lateral flaps beneath ; proximal margin of girdle expanded

into a wide high collar unmarked in its lower half, but with a reticulum of fine

nerves on the upper half, open on the dorsal and ventral sides and supported by

thick upright bars at the openings, one side decurrent in a large wide expansion,

which meets the sail and forms in fact itself an upper sail with reticulate nervation



NEW PERIDINIACE.^. FROM THE ATLANTIC. 335

and a border like that of the lateral sail ; upper margiii of i^irdle forming a long,

narrow, tubular funnel expanding sliglitly above and toothed at the edge ; distal

limb suppressed, and represented only by a minute membrane at the base of this

funnel. (PI. XXXIII. fig. 1.)

This singular organism occurs from lat. 23° N. in the Atlantic to Panama in the

Caribbean:

HiSTioNEis MiTCHELLANA, sp. n. Proximal limb sbort and elongate in a dorsi-ventral

direction, deeper on the dorsal side, very faintly marked, bearing the sail on a

projecting semicircular thickened bar ; sail reticulate and forming two lateral flaps,

confluent on its ventral margin with the decurrent edge of collar
;
proximal margin

of girdle forming a large wide collar, unmarked in the lower half, which expands

laterally, reticulate above, narrowing again laterally towards the top, where the edge

is entire, one side decurrent to the sail and reticulate ; distal margin forming a

narrow tubular funnel expanding and reticulate above, edge entire ; distal limb

suppressed, and represented only by a membrane at base of funnel. (PI. XXXIII.
figs. 'So, b.)

Prom lat. 31° N. to lat. 22° N.

H. Helen/E, sp. n. Proximal limb short, stout, curved, with a row of distinct punctate

markings where it borders the girdle, parallel to a similar row on the girdle itself,

bearing on the ventral side the sail ; sail with faint reticulate markings on its outer

portion, which is so curved as to form a lateral flap, bearing also two unmarked,

rounded, opposite wings inserted parallel and near to the collar
; proximal margin

of girdle forming a collar, the upper part of which bears fine reticulate markings, and

its edge tine bristles at short intervals, one side decurrent to the sail ; distal margin

of girdle produced into a long tubular funnel expanding above, unmarked, and with

tine bristles projecting from the edge ; distal limb suppressed, and represented only

by a minute membrane at base of funnel. (PI. XXXIII. figs. 2 «, h.)

Prom lat 30° N. to lat 16^ N.

H. DoLON, sp. n. Proximal limb short, stout, curved, very finely punctate, and

with a row of distinct punctate markings where it borders the girdle, parallel to a

similar row on the girdle itself ; bearing a large sail, which is so curved as to form

a large transverse hollow like a filled balloon-topsail, marked with parallel peri-

pheral lines, bearing also two opposite side-wings also hollowed, unmarked, inserted

near to and parallel with collar
; proximal margin of girdle forming a high collar

reticulate above, decurrent on one side to the sail and forming in fact an upper sail,

marked; distal margin prolonged into a long funnel expanding widely above,

unmarked except at the edge, where it is bordered by a band with fine vertical

markings ; distal limb suppressed, and represented only by a plate at base of funnel.

(PI. XXXIII. figs. 5 a, b.)

Found in lat. 28 X., long. 40 W.; and again in lat. 29° N. and long. 12'' to 44° W.
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GiTHAEISTES, Steiu.

Botli the known species of" Citharistes occurred : C. regiuSi Stein, once only, viz. in

lat. 31° N., long. 35° 30' "W. ; C. Apsteinii, Schiitt, though never plentiful, occurred from

lat. 34° to 39° N. in the Atlantic to Colon in Panama. We have figured C, Ajjsteinii

on PI. XXXI. figs. 3 a, b. Schiitt states that in this species there is a single large

dorsal spine bounding the cavity formed by the curve of the body. In fig. 3 b we have

given a ventral view of C. Apsteinii, showing that there are two spines, marked with

large pits and expanding above, where they meet the body.
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TABLE II.

E M.S. ' Para.'—-Voyage II. (Capt. Milker).
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TABLE III.—R.M.S. 'Para,' Voyage III. (Capt. Milker).
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R.M.S. 'Elbe' (Capt. Tindall).
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TABLE v.—R.M.S. 'Medway' (Capt. Milner).
[To face ^. 340.
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TABLE YI.—K.M.S. 'Atrato,' Voyage T. (Capt. ^Mitai:!:).
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TABLE yilT.—ll.M.S. ' ATJIATO,' Voyage II. (Capt. MilnejO-

l*tycho(Uscus Noctiluca, Stem
Pyiopliacua Iloroloj^ium, Stein
Cladopyxis brachiolata, Stelti

Ceratiura Tripos, Nitzsch

„ Furca, Diijard

i, ,, vitr. baltica

„ Candelabrmu, Stein

,, Fusus, Diijard.

„ s"i'avi(kini, (hmrret

„ l.,iimilu9, (iolDTct

Goiiyaulax ])olvfrriUiiina, Stein

„ Jolliffei, Murr. Sf WHtt
„ \\i)i\\\*i\, MtD-r. ^ Whitt
„ fjflyptorliyiichus, Murr, d^ Whift.

Cxoiiiodotua aciimiiirttuni, Stein

,, splia;i-icum, Murr. i<c Whitt
„ Alilncri, Man: ^ WfiiU
„ flmbriHtuni, Murr. S,- Whitt.

Diplop.salis sajcularis, Murr. ^- Whitt
Peiidiuium diveigens, Ehrenb

,, Michaelis, Ehrenb
,, ti-istylnm, Stein

;, 1 liiidinarcliii, Murr. k' Whitt. . .

,, ( Uobuliis, Stein

„ spinulo-siuji, Murr. ^ Whitt
„ s])lutricuiii, Murr. S; Whitt
„ leiorhynchuin, Murr. ^- li hitf. . .

„ retir-uiatum, Murr. ^- Whitt

„ Milneri, Murr. 4- Whitt
„ Tripo,s, Murr. ^ Whitt

,

„ Doniu, Mtar. <^- Whitt
Podolampas bipes, Stein

„ palmipe8, Stein
Amphidoma Nucula, Stein

[

Oxytoxum Scolopax, Stein

„ reticulatum, Schiltt

„ tessellatiim, Schiitt

„ diplocouus, Steiyi

„ sphasi'oideum, Stein

„ Mihieii, Murr. Sf Whitt
„ constrictum, Schiitt

Ceratocorys hon-ida, Stein

„ spinifera, Mrirr. 8f Whitt
Phalacroma operculatum, Stein

„ doiypborum, Stein

„ dolicho])teryo;iuni, Murr. ^ Whitt.
,, Jlitra, Schiitt

„ Hindmarcbii, Murr. Sf Whitt. . . .

„ Blackmani, Murr. ^ Whitt
Dimiphysis rotundata, Clap. Sf Laehm

„ s])hterica, Stein

,, acuta, Ehrenb

„ uracantba, Stein

„ IJomiiiifulu^, Steiii

„ Schuettii, Murr. Sf Whitt
Amphisolenia palniata, Stein

\

„ bifurcata, Murr. ^ Whitt
„ {jlobifera, Stein

„ Thiinax, Schiitt

„ inflata, 3Iurr. ^ Whitt
Histionei.s splendida, Murr. S,- Whitt

„ magiiifica, Murr. iS,- Whitt
' "

'

„ remoia, Stein

„ biremis, Stein '

„ Hio-hlei, Murr. 8r Whitt. '.

'.
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.' .' ."

."
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'

„ Mitchellana, Murr. »§• Whitt
„ crateriformis, Stein

„ I'ara, Murr. 4- Whitt. . .

„ Dolon, Murr. 4- Whitt ]'.['.]

„ Helenre, Murr. ^ Whitt
„ Francesco}, G. Murr
„ Milneri, Murr. ^- Whitt. ....'.'.'.'..'.

Citharistes Apsteinii, Schiitt
, [[[

tLCO

o o

CC CD
I .

00 g-
CO s

o o

Pyrocystis Xoctiluca, J. Murr.
„ Lunula, Schiitt . .

.

,, fusituruiis, J. Murr.
„ bicornis, BUickm. .

%
I

o

«^-

^^
- I

i<5 SO

S 08

bo
a

fjH

S3
0:1 s

o
so OJ

,&

tin

%

S I

-3
"^

b
l-H .

CI c
. 1>

,-1 Tji

git-

h S^

O OS ; 1,
. I

i ;

'

tcQO I
o I

r-H O)

ti.

'

^" 1

1

^ i

^f SI i^
— '''

S 'S
ib

?J ^l ?^1Z

v'l 71

2s 00 §*

. a;

J^ 01

Uh

1 -

-'

^
1

(i
1—

I

s
<L>

ji H

10 16

y.

^H

20

S-, si.

Si a
. V

21

so c
. *

o '5
to "5

& a'

8^
CO g^

J'

24



Tkans, Linn. Soc, 2nd Ser. Box, V.]
To fiice \K 'Mo.

TABLK IX.—ll.M.S. ' ATRATO,' Vovvdi: lit. (Capt. Milxer).
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Ptychodiscus Noctihica, •Sfein

Pyrophaciia Iloroldji^ium, Stein

Clftdopyxis biaehiolata, Stein
;

•

Ceratiuiu Tripos, Xifzsch ' *

„ Furca, Di/jurd

„ „ v(ir. baltifa

„ Candelabriiui, Stein

„ I'lisus, Diijaril *

„ <ria\ iduni, (iourret

„ JanuiliiH, ironrrpi *

„ dif^itatum, Schiitt

Gonyaulax polvpraiiima, Stein

„ .Jollitfei, Mun: H- Whitt *

„ Ilighh'i, Mtirr. S,- Whitt

„ ^\\-[A(n\\\nc\\u», .\Tun:S)-Whitt. . .. ..

„ Tiiihviifi, Mi(rr. ^- Whitt . .

Goniodoina Bcmniiiatiim, 'Sfeiti »

„ Milneri, .T/i</T. L*)- Whitt
j

..

Uiplupsalis snecularis, Mun: Sf Whitt
Peridinium divert^ens, llhrenb *

„ Globulus, Steiji I *

„ Micbaelis, iiV»p/i6 ! *

„ splipericuni, Murr. Sf Whitt. . ,

.

„ Ilindinarchii, Mun: ^ Whitt. .

„ spinidosiun, Mun: Sr Whitt. . .

.

„ Jilackmani, Mun: S,- Whitt. . .

.

,, reticulatum, Mun: df Whitt.

„ Tripos, Murr. c^ Whitt

„ leiorhyncb urn, ^Wwrr. t^- Whitt..

„ A'exans, Murr. Sf Whitt
Podolampas bipos, Stein *

„ pahnipes. Stein

Ampliidoma Nucula, Stein

Oxytoxum Spolopax, Stein

„ reticulatum, Schiitt

„ tessellatum, Schiitt

„ sphfcroideuui, Stein

„ Milneri, Mun: S,- Whitt

,. constrictum, Schiitt

,, Sceptruui, Schiitt

Ceratocorys horrida, Stein

,,
spinifera, Murr, ^ Whitt

Phalacroma o])erculatum, Stein

„ doryphoruni, Stein

,, dolichopter3'gium, Murr. ^ Whitt.

„ Mitra, Schiitt

„ Blackmani, ^urr. ^ Whitt

„ Ilindinarchii, Murr. ^ Whitt. . .

Dinophysia rotundata, Clajy. 4' Lachm
„ spbaeriea, Stein

,, acuta, Ehrenh

„ uracaiitha. Stein

„ Ilonnuiculus, Stein

Amphisolenia paluiata, Stein

„ bifurcata, Murr, Sf Whitt.
Histioneis magnitica, Murr. S^- Whitt

„ Fraiice^cre, G. Murr
„ I'ara, Murr. ^- Whitt

„ Ilighlei, Murr. ^- Whitt

,, bii'eniis. Stein

„ Milneri, Murr. ^- Whitt

„ Ilelenfe, Mun: |- Whitt

„ Mitcl)el]ana, Murr. ^ Whitt

„ crateriformie, Stein

„ reniora, Stein

Citharistes Apsteinii, Schiitt

Pyrocystis Noctiluca, J. Murr,

„ Lunula, Schiitt , . . .

„ fusifonnis, J. Murr.
„ bicornis, lilachm. . ,
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EXPLANATION OF THE PLATES.

Plate XXVII.

Fig. 1. Goniodoma fimbriatum, Murr. & Whitt. : a, ventral view; b, dorsal view, x 840.

Fig. 2. Gnniodoma Milnerl, Murr. & Whitt. : a, side view ; b, ventral view ; c, encysted form opening

;

d, the same closed. X 420.

Fig. 3. Goniodoma spharicum, Murr. & Whitt. : a, ventral view ; b, view of proximal limb, x 860.

Fig. 4. Ceratium biconicum, Murr. & Whitt. : a, dorsal view ; b, ventral view ; c, side view. X 400.

Fig. 5. Plychodiscus Nodiluca, Stein: a, view of proximal limb; b, dorsal vievv ; c, \Sir. Jimbriatus,

view of proximal limb. X 760.

Fig. 6. Oxytoxum Milneri, Murr. & Whitt. x 530.

Fig. 7. Oxytoxum constricium, Schiitt. x 860.

Plate XXVIII.

Fig. 1. Gonijaulax Jolliffei, Murr. & Wliitt. : a, dorsal view ; Z>. ventral view, x 470.

Fig. 2. Gonyimlax Highlei, Murr. & Whitt. : a, ventral view; b, dorsal view, x 810.

Fig. 3. Gonyaulax glyptorhynchus, Murr. & Whitt. : a, dorsal view ; b, ventral view ; c, ventral view

of form varying as to spine on proximal limb. x 840.

Fig. 4. Gonyaulax Turbynei, Murr. & Whitt. : a, ventral view ; b, dorsal view. X 840.

Fig. 5. Diplopsalts scemlaris, Murr. & Wliitt. : a, ventral view; b, distal limb; c, d, e,f, views of forms

varying from the typical oue represented in a and b. x 420.

Plate XXIX.
Fig. 1. Peridinhim fJindmarchii, Murr. & Whitt. : a, dorsal view ; b, venti'al view, x 500.

Fig. 2. Peridinium hiorhynckmn, Murr. & Whitt. : a, ventral view; J>, lateral view x 600.

Fig. 3, Peridinium Milneri, Murr. & Whitt. : a, dorsal view; h, ventral view. X 840.

Fig. 4. Peridinium divergens, Ehrenb. : a, dorsal view ; b, ventral view of variety, x 500.

Fig. 5. Peridinium trirostre, Murr. & Wliitt. : ventral view, x 420.

Fig. 6. Peridinium. Blackmani, Murr. & Whitt. : a, dorsal view ; b, side view ; c, ventral view. X 370.

Fig. 7. Peridinium vexans, Murr. & Whitt. : a, ventral view ; b, dorsal view, x 810.

Fig. 8. Peridinium spinulosum, INIurr. & ^^'hitt. X 600.

Plate XXX.
Fig. 1. Peridinium sp/uericum, Murr. & Whitt. : a, dorsal view ; b, ventral view. x 860.

I'jg- 2. ? Peridinium Globulus, Stein. x 860.
l^'ig. 3. Peridinium Doma, Murr. c^ Whitt.: ventral view. x 800.

l^'ig. 4. Peridinium. Tripos, Murr. & Whitt. : a, dorsal view ; b, ventral view. X SIO.

^ '??• 5. Ceratocorys horrida, Stein : a, side view ; b, encysted, x 420.

I''g. 6. Ceratocorys spinifera, Murr. & Whitt. : a, ventral view; Z», dorsal view (both x 840); c, proximal

limb, young state ( x 620) ; d, proximal limb, mature state ( x 410) ; e, form with two spines

only (x 840).
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342 ON NEW PEEIDINIACE^ PROM THE ATLANTIC.

Plate XXXI.

Fig. 1. Amj)hisoIenia bifu7'cata,M\iYY.kWh{tt.: a, complete ( x 160); b, ventral view; c, side view;

d, e, terminations o£ proximal limb ( X 610).

Fig. 2. Amjjhisolenia inflata, Murr. & Whitt. : a, lateral view ; b, ventral view, x 420.

Fig, 3, Citharistes Apsteinii, Scliiitt : a, side view ; b, ventral view, x 840.

Fig. 4. Phalacroma Blachnani, Mnrr. & Whitt. : a, view of distal limb; b, side view. x 420.

Fig. 5. Phalacroma HindmarcMi, Murr. & Whitt. : side view. X 500.

Fig. 6. Phalacroma Rudgei, Murr. & Whitt. : a, side view; b, ventral view. X 420.

Fig. 7. Phalacroma Mitra, Schiitt : side view. x 420.

Fig. 8. Phalacroma dolichopterygium, Murr. & Whitt. : a, side view ; b, ventral view. X 410.

Fig. 9. Dinophi/sis Rudgei, Murr. & Whitt. : a, side view ; b, optical section. X 500.

Fig. 10. Dinophysis Schueitii, Murr. & Whitt. x 840.

Plate XXXII.

Fig. 1. llistioneis splendida, Murr. & Whitt.: a, side view; b, ventral view; c, view of distal limb, &c.

X 310.

Fig. 2. Uistioneis magnifica, Murr. & Whitt. : side view, x 500.

Fig. 3. llistioneis Franceses, Q. Murr, : side view. x 680.

Fig. 4. llistioneis Para, Murr. & Whitt. : a, side view ; b, ventral view ; c, side view of form with sail

varying from type, x 680.

Fig. 5. llistioneis Uighlei, Murr. & Whitt. x 620.

Fig. 6. llistioneis biremis, Stein : side view, x 420.

Plate XXXIII.
Fig. 1. llistioneis MUneri, Murr. & Whitt. : a, side view; b, ventral view. X 420.

Fig. 2. Histioneis Helenas, Murr. & Whitt. : a, side view; b, ventral view. x 420.

Fig. 3. Histioneis Mitchellana, Murr. & Whitt, : a, side view; b, ventral view. X 600,

Fig. 4. Histioneis dentata, Murr. & Whitt. a, side view ; b, ventral view, x 840.

fig. 5. Histioneis Dolo?i, Murr. & Whitt. : a, side view ; b, ventral view. x 600.
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X. On Craterostigma p];jtoilum, Hochst., a rare Flant from Somali-Land. By
H. Marshall WaiiSK, B.Sc.y F.M.S., F.L.S., JProfessor of Botany in the University

of Cambridge, and Miss E. D/le, Bfeiffer Student, Girton College.

(Plates XXXIV. & XXXV.)

Read 3rd November, 1898.

In May 1897 a number of living plants collected in Somali-Land were received at

the Cambridge Botanic Garden from Mrs. Lort Phillips, who presented them to this

University. Among these was the following, and as it has flowered several times with

us this summer, and has now (July 189S) ripened its first capsule of seeds *, we are able

to give a fairly complete account of it even from the comparatively small quantity of

material at our disposal.

It is a herbaceous perennial, the general habit, size, and mode of flowering of which

remind one of a Binguicula, though it is very different in details, as will be shown

(PI. XXXIV. fig. 1) : but perhaps its most striking feature is the roots, to which our

attention was drawn by Mr. Lynch long before the plant flowered ; these are bright coral-

red or scarlet, like vermilion sealing-wax, and present a startling contrast to the black

soil used when repotting the plants.

Various suggestions have been entertained as to the best mode of growing the plant

;

on the whole it seems to do best in the Water-lily House, close to the glass.

The external features of the adult flowering plant may be described as follows :

—

Hoots numerous, fibrous, rather thick, and slightly branched, arising from the under-

side of the rhizome and the bases of older leaves ; white when young, the older ones

scarlet with white tips. (Figs. 1 & 2, PL XXXIV.)
Stem a short, red, oblique or horizontal, creeping, subterranean rhizome, giving

off roots below and rough with crowded leaf-scars above. It is terminated by a

rosette of leaves at the surface of the ground, and gives off similar rosettes as lateral

buds or offsets from the axils of the lowermost leaves. These offsets afford a ready

means of vegetative propagation, soon forming rhizomes -^ to 1 inch long, like the parent

stem. (Fig. 2.)

Leaves few, simple, entire, exstipulate, sub-opposite, and crowded into radical rosettes,

the internodes being practically obsolete. Lamina rhomboid-oval, and often slightly

oblique, obtuse, about 1-1J inches long ; tapering below into a short, broad, flat petiole

with a wide insertion, but not sheathing. Margins ciliate, especially when young.

Venation somewhat like that of Blantago\ principal ribs about 7 to 9, thick and

* These have now germinated (March 1899).
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344 PEOF. H. M. WAED AND MISS E. DALE ON CEATEROSTIGMA PUMILUM.

prominent beneath, longitudinal and nearly parallel, but converging above and below,

and running close together down the petiole, where they are red; smaller veins

numerous and reticulate, but sunk and hardly visible in the thick, almost fleshy, lamina.

Upper surface of lamina bright green, glabrous, and minutely punctate ; lower paler

green, finely pilose, streaked with red at the base.

Plowers complete, hermaphrodite, zygomorphic, and solitary, each on an axillary

scape ;
peduncle about 1^ to 2 inches long, leafless, cylindrical, stifi", and erect.

Calyx regular, tubular-campanulate, erect and persistent, about J inch long, 5-toothed

and slightly 5-ribbed, shortly pilose ; the teeth obtuse ciliate. Not winged or appreciably

plicate. (Fig. 12, PI. XXXIV.)

Corolla gamopetalous, hypogynous, bilabiate. Tube erect, blue, half as long again as

the calyx; limb obliquely horizontal, and consisting of a large, patent, flat, equally

three-lobed lower lip, white with blue patches and veins, and a much smaller oblong

upper lip, scarcely notched at the tip. Estivation imbricate, the upper lip external,

the right-hand lobe of the lower lip internal and overlapped by the median and left-hand

lobes; tube not folded. (Figs. 4-7.)

Stamens 4, didynamous, and with no trace of a fifth ; inserted at the throat. The

anterior pair longer, their free, white, straight, slender filaments converging forward

and upward, and each springing at an acute angle from a yellow, prominent, cushion-

like, basal insertion running obliquely across the base of the lower lip and nearly

meeting its fellow (figs. 8 & 9) ; each stamen thus bears a curious resemblance to the

leg of an insect. The posterior pair just within the tube, with much shorter filaments

inserted directly into the base of the upper lip and converging forwards. Anthers of each

pair somewhat connivent, two-lobed and two-celled, and dehiscing by longitudinal slits.

Pollen simple.

Ovary superior, of two antero-posterior carpels, two-celled, the posterior chamber the

larger ; ovoid and completely enclosed in the tube ; terminating in a long, thin, exserted

style, expanding above to a two-lipped stigma, irritable to contact. (Pigs. 6 & 7.j

Placentation axile. Ovules small, numerous, anatropous. (Pig. 10.)

Pruit a capsule, cylindric-ovoid, twice the length of the calyx, which it distends and

partially splits. Dehiscence septicidal and septifragal, by two vertical valves. (Pig. 12.)

Seeds small, numerous, brown, pitted. Embryo straight, or nearly so, in the axis

of a cartilaginous endosperm stored with aleurone. (Pigs. 13 & 14.)

The germination is epigeal, the slender hypoeotyl carrying the two small oval

cotyledons some millimetres above the soil. The first pair of leaves are minute and
opposite, and bear numerous hyaline hairs. The red colour appears in the primary roots

when only 10-15 mm. long.

The habit and inflorescence of the plant have striking superficial resemblances to those

of a Fmguicula
; the venation is somewhat like that of a Flantago, while the corolla

reminds one of some Lobelias, and the two-lipped stigma of that of a 3Iimulus.
Analysis of the above characters clearly places this plant in Scrophulariace^e, and in

the tribe Gratiolese of the Antirrhinoidese. This tribe contains a good many genera and
numerous species of tropical and sub-tropical plants ; and among these is the smaU genus
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Craterostigma, founded by Hochstetter (' Flora,' Jahrg. xxiv. p. 668) in 1841 on the two

AbyssiDian plants C. plantagineum and C. pumilum, and it is with the latter that our

plant agrees.

Of the three or four species comprised in Cixitei'ostigma, only one has the flowers

solitary, viz. C. pumilum, Hochst., and it comes from Abyssinia or Somali-Land.

On reference to the Kew Herbarium we found that Craterostigma pumilum, Hochst.,

has inflorescences which are usually branched and bear about three to five flowers with

bracts—an umbellate cyme apparently ; but on the same sheet is a specimen with single

flowers marked Torenia auriculcpfolia, Dombr., and the closest examination shows no

other differences between it and the several-flowered Craterostigma pumilum^ Hochst.,

and leads to the conviction that the Kew authorities are right in merging Dombrain's

plant in Hochstetter's species. Moreover, there can be no doubt that Dombrain's plant

is the same as ours, especially after consulting his figure in ' The Floral Magazine,' 1871,

p. 534 ; but as he gives no botanical description and no figure or mention of the red

roots or details, we tliiDk it worth while to off'er our results.

On the same Kew sheet also there are some multi-flowered specimens collected by
Mrs. Lort Phillips, and all the specimens on this sheet show by the red stains that the

roots were coloured as in our specimen. The same is true of C. plantagineum, Hochst.,

a much more hairy form, evidently very close to C. pumilum, and coming from the same
region. The dried herbarium specimens of C. pumilum also look more hairy than our

fresh plant.

The question arises whether the single-flowered (auriculcBfoUum) form is a constant

variety of C. pumilum, or merely a more poorly-grown plant : some of the Kew
specimens with several flowers are as small as the one-flowered form. We have been

unable to detect any bracts on the inflorescence of our Cambridge plant, and Dombrain's

figure shows no traces of them.

Internal Structure.

Hoot.—A transverse section through the root (PI. XXXIV. fig. 15) shows the usual

structure of a central stele surrounded by cortex. The cortical cells are arranged

M'ith great regularity in radial rows, and between them are equally symmetrical inter-

cellular spaces, which, in section, are of quadrangular form, and contain a peculiar red

colouring-matter. The spaces are in many cases almost as large as the cells, and

generally occur throughout the cortex, but are absent from the piKferous layer and the

cells immediately internal to it.

When highly magnified (PI. XXXV. fig. 16) the spaces are seen to be due to the

splitting of the middle lamella at the points where four cells would be in contact. Where

the walls of adjacent cells are united one to another they are flat, but where they Hmit a

space they project into it, so that, in transverse section, the cells approximate to the form

of a square with rounded angles, while the spaces are quadrangular with convex walls.

On account of the regularity of the arrangement of the cells, the spaces between them

are also very uniform in shape and size.

3r2
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In thick sections, less highly magnified, the colouring-matter appears to be lying

freely Id the spaces ; hut on closer examination it is seen to consist of minute rounded

granules or drops, closely packed on the outer walls of the cells to which they are

attached.

The cells of the piliferous layer are thin-walled, with the exception of a few of rather

smaller size in which the outer w^all is thickened (PL XXXV. fig. 18). On most of the

roots there are extremely few root-hairs.

A radial lon^'itudinal section shows that the intercellular spaces form passages hounded

by cells which appear to lie in rows and to have a more or less moniliibrm outline

(PI. XXXV. fig. 18).

In oblique tangential sections the spaces between the cells in one plane appear to

alternate with those separating the cells which lie immediately below. In such a section

the colour is seen lying on the surfaces of the walls, and the large amount of it is very

striking.

The colouring-matter is not present between the two outer rows of cells, even where

the cells of the piliferous layer and that immediately within it are not in uninterrupted

contact with one another.

It has been said (p. 343) that the ends of the larger roots and of some of the smaller

ones are colourless. A longitudinal section in this region shows that, although the spaces

are continuous almost to the apex, the red granules usually end some distance behind the

tip, in most cases suddenly. Near the end of some roots the colour is present in patches

separated from one another by areas free from granules.

The cells of the cortex in the root contain considerable numbers of colourless bodies,

which are evidently leucoplasts (leucoleucites). With iodine they become purple owing

to the presence of starch, and are therefore to be regarded as amyloplasts.

If a plant be taken out of the ground and placed in water w ith its roots exposed to the

action of light, the leucoplasts become green, i. e. they are changed into chloroplasts

(chloroleucites).

The Stele.—'rh^re is nothing specially noteworthy, as departing from ordinary types,

in the stele. In the centre are thielr-walled sclerenchymatous fibres, in many cases still

retaining their cell-contents. They are surrounded by about six groups of xylem,

alternating with as many groups of phloem, separated from one another by small

parenchymatous cells, the whole being enclosed by a not very definite pericycle and

endodermis (PI. XXXV. fig. 17). Immediately beyond the endodermis are cortical cells

separated by spaces containing the colour-granules.

A longitudinal tangential section near the outside of the stele shows, even in extremely

small roots and in fresh or hardened material, a central group of elongated thin-walled

cells with very sinuous longitudinal w^alls. The most external of these cells, on each

side, have always their inner walls sinuous and their outer walls smooth. These cells

may perhaps be regarded as endodermal {cf. De Pary, ' Comparative Anatomy of the

Phanerogams and Perns,' fig. 50, p. 123).

The Leaf.~A transverse section near the base of the leaf consists of rounded cells

of approximately equal size, separated from one another by very irregular spaces
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(PL XXXV. fig. 22). Some of these spaces are mere points, others are so large that the

cells arc attached to one another, laterally, by very small surfaces.

Erom the underside of the leaf, through about half or two-thirds of its entire thickness,

the spaces are lined with red granules. The extreme irregularity in the size and form of

the spaces in the leaf is shown in PI. XXXV. fig. 22.

In a longitudinal section the cells appear in rows, which in some parts are in contact,

but in others separated by spaces of variable Avidth, and tapering to a point wliere the

cells of adjacent rows are still united. As in the transverse section, the spaces vary

greatly in size and form, some appearing as small lenticular slits.

Transverse Section of the Lamina.—The red colour is absent from the upper part of

the leaf, which in section differs little from the ordinary bi-facial type (PI. XXXV. fig. 21).

On the upper side the epidermis consists of larger cells than on the lower. Storaata

and glands are present on both surfaces, but they are more numerous on the under side.

The palisade parenchyma consists of about four rows of cells, which are only slightly

elongated. The cells of the spongy parenchyma are rouoded, and connected with one

another by elongated processes, bridging over the intercellular spaces.

A surface view of the epidermis shows the stomata and the glands. Seen from above

the epidermal cells appear rounded atid have undulating walls. The stomata are of the

usual type (PI. XXXV. fig. 23). Round the glands the epidermal cells are somewhat

pyriform, with their narrow ends near the gland and their broad ends directed away

from it, so that they form a kind of rosette. The reason of this arrangement is that the

glands are sunk into pits. It is these pits which cause the punctate appearance of the

leaves to which reference has already been made (p. 344). The glands themselves

(PL XXXV. fig. 24) show a circular head, sometimes divided by one or two cross-walls

into two or four smaller cells, containing dense granular protoplasm.

In vertical section (PL XXXV. fig. 25) the glands are almost identical in appearance

with the liydathodes of P?'/?tr nigrum, described and figured by Haberlandt (' Physio-

logische Pflanzenanatomie,' 2nd edition, p. 420) and which also occur in depressions in

the leaves. They are divided into three parts, called by Haberlandt the head, the stalk,

and the foot. According to Haberlandt, the protoplasmic head functions as a peculiar

water-gland. The stalk represents the mechanical apparatus of the whole organ, as it is

provided with a thick ring of cellulose, which keeps a passage for the water always

open and of a uniform diameter. The foot, which connects the gland with the adjoining

epidermal cells and with the underlying tissue, is usually thin-walled. We liave been

unable to discover, in any of the glands of Craterosiigma pumilum which we have

examined, the ring of cellulose which Haberlandt describes and which was distinctly

visible in the stalk-cell of the hydathodes of Flper nigrum, in sections which were cut

for the sake of comparison with Craterosiigma.

Whether the gland acts as a plug, when the depression deepens as the leaf dries,

cannot be determined wdth certainty, but it appears to be probable.

Many of the epidermal cells contain one, or sometimes two bodies, which are more or

less club-shaped (this varying somewhat in shape and size) and resemble cystoliths. Each

is attached to the outer wall of the cell by a short stalk, which is in some cases very



348 PROF. H. M. WARD AND MISS E. DALE ON CRATEROSTIGMA PUMILUM.

slender, in others relatively thick (PL XXXV. figs. 25 & 26). In sections stained with

gentian violet and eosin these bodies take up the eosin.

A transverse section of one of the large vascular bundles near the base of the leaf

consists of vertical rows of vessels separated by parenchymatous cells. In longitudinal

sections these vessels are seen to be spiral. Below the xylem is the phloem with its

parenchyma, the whole being surrounded by an endodermis and a pericycle. The

latter is interrupted on either side in the region of the phloem. No trace of internal

phloem could be found; the bundles are strictly collateral. The smaller vascular

bundles are very peculiar (PI. XXXV. fig. 27). Among the large number of leaf-sections

which we have examined, only one showed ordinary spiral tracheides. Their place

seems to be taken by thin-walled tracheides with numerous transverse shelf-like rings

or spiral thickenings.

Transverse sections show that the bundles consist of one or more rows of about three

or five tracheides. Above each row of tracheides is usually a single cell as large as or

larger than the tracheides in diameter, but thin-walled and without transverse thickenings.

Below the tracheides, in all but the very smallest veins, are a few elements of phloem.

The whole is surrounded by cells arranged in a manner which suggests a sheath. Beyond

them are the ordinary parenchymatous cells of the leaf.

In longitudinal section the transverse thickenings are seen to be so numerous that the

tracheides appear to be cut up into segments, square, or even broader than they are long.

Between the ordinary spiral tracheides or vessels of the larger veins and the peculiar

square elements are transitional forms consisting of shelf-like spirals which are more or

less broken up.

The Stem is either a short thick root-stock or a creeping rhizome. It consists of a

central pith surrounded by a relatively thick mass of xylem and a not inconsiderable

phloem. The cortex contains numerous very large and irregular intercellular spaces,

which, except near the central stele and the path of the adventitious roots, are lined with

the red granules. The cortical cells, like those of the root, contain numerous leucoplasts

(PL XXXV. fig. 20). The bundles are open and collateral, and there is a slight

cambium. Surrounding the phloem is a fairly well-marked endodermis. But the

vascular cylinder of the stem is much broken up by the large number of adventitious

roots which arise in it and make their way through the cortex to the exterior.

The Bed Colouring.matter *,—Owing to the scarcity of the material, we have only

been able to examine the colouring-matter microchemically and with the aid of polarized

light.

The colouring-matters of plants have been investigated by various observers, among
others by Courchet (" Rccherches sur les Chromoleucites," Annales des Sciences Naturelles,

s^rie 7, p. 263). According to this author, all colouring-matters other than chlorophyll

and a few of very rare occurrence may be divided into two main groups : I. the cyanic

series, and II. the xantJiic series.

* Reddish colouring-matters are not uncommon in roots, but they are frequently confined to the sap, or are in

hue, abundance, solubility, and other ways very different from the case we are considering. The reader may
consult, e. g., Hildebrand, Ber. d. deutsch. hot. Gesellsch. 1883, Bd. i. p. xxvii, and Ascherson, ibid. p. 498.
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I. The cyanic series has for its type the red substance occurring in solution, and

includes the blue, violet, and " carmine red " colours derived from it. The colours in

this series all become red with acids and blue with alkalies.

II. The type of the xanthic series is the solid yellow colouring-matter either contained

in or derived from plastids (leucites), together with orange-yellow, orange-red, and brick-

red solid pigments.

When treated with concentrated sulphuric acid, these bodies all become indigo-blue

of varying degrees of brightness. With iodine they all take on a green colour. All of

them are insoluble in water.

The pigments of the xanthic series may be further divided into two groups with

reference to their behaviour towards other reagents :

—

a. Yellow pigments (xanthin of some authors).—These, according to Courchet, are

never crystalhne, nor can crystals by any means be obtained artitici<illy from their

solutions. They are slightly soluble in chloroform, benzine, and ether, but most soluble

in alcohol. Before becoming blue with concentrated sulphuric acid they pass through

an intermediate green stage, which may be due to a mingling of the pigment which has

become blue with that which is still yellow.

|S. Orange-yellow a?id 07^ange-red pigments may be amorphous, or in the form of

crystallites or crystals. They are most soluble in ether, benzine, and chloroform, and

less so in alcohol. With concentrated sulphuric acid they pass through a violet or

violet-red phase, probably on account of the mixing of blue and red colouring-matter.

These differences may be tabulated in the following way :

—

Yellow Figments. Orange-yellow and orange-red.

Non-crystalline. Amorphous, crystallites, or crystals.

, chloroform. f chloroform.

Slightly soluble in I benziue. Most soluble in I benzine.

i ether. '- ether.

Most soluble in alcohol. Less soluble in alcohol.

With concentrated sulphuric acid, first green, "With concentrated sulphuric acid, first violet

then blue. or violet-red, then blue.

The colouring-matter of the flowers of Aloe is so peculiar in its reactions that it was

placed by Courchet in a group by itself. It occurs in the form of chromoplasts (chromo-

leucites) consisting of a coloured stroma, which is apparently homogeneous and contains

very distinct pigmentary granules. With concentrated sulphuric acid the colour changes

into a greenish yellow, but there are slight differences in this reaction due to the original

colour and to the physical condition (whether crystalline or amorphous) of the pigment.

Alkalies cause the formation of orange-coloured drops. In ether and chloroform the

colour is almost insoluble ; in alcohol it is very soluble, and forms a solution which

Courchet describes as " currant-red."

The reactions of the red colouring-matter in the root of Craterostlgma in some respects

resemble those of the pigments of the xanthic group, ha others those of the colour in

-4io^-flowers, while in others again they are peculiar.
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For the sake of comparison we have examined microchemically the colouring-matters

in various plants in which they are present in a solid form and which have not been

mentioned by Courchet. Some of these give the reactions which, according to

Zimmermann ('Botanical Microtechnique,' translated by Humphrey, 1893, p. 101), are

characteristic of carotin, and which also agree with those of Courchet's xanthic series.

Carotin, the name originally given to the yellow colouring-matter first obtained from the

roots of the cultivated carrot, is now proved to be more widely distributed, and to occur

not only in many plants but in some animals [cf. Zopf, " Zur Kenntniss der Parbungs-

ursachen niederer Organismen," Beitriige zur Physiologic und Morphologie, 1892 and

1893). It is supposed by some authors to be identical with that which has received the

following names, as well as many others—chlorophyll-yellow, xanthophyll, erythrophyll,

chrysophyll, etc., and to which is due the colour of leaves in autumn. The characteristic

reactions of carotin with iodine and with concentrated sulphuric acid are those which

distinguish the xanthic series as a whole. With regard to its behaviour towards alcohol,

ether, benzine, and carbon bisulphide it in some respects resembles the yellow pigments,

and in others the orange-yellow and orange-red colours which form the two divisions of

Courchet's xanthic series.

By way of control experiments, we have compared the various reactions of the

colouring-matter in the root of Craterostigma with those of the carotin in the flowers of

Tropceolum majus, Linn.

Among other plants of which we have examined the colouring-matter for the sake of

comparison was Chamcedorea SartoiHi^ Liebm., which has thick floral axes coloured bright

orange-red. The colouring-matter occurs as red granules in certain of the plastids

which have also a coloured stroma. It is chiefly confined to a broad band of cells near

the periphery, while those lying more internally contain chloroplasts. The cells in the

centre of the axis are colourless.

In many of its reactions the colour in CMmcudorea resembles carotin, but in some it

is like the colour in the roots of our plant. Though many of the reactions of the latter

are peculiar, yet on the whole they show a marked resemblance to those of the colouring-

matter in the flowers of Aloe. For the sake of comparison with Courchet's results for

Aloe and with our own for Craterostigma, we have examined microchemically the

colour-bodies in Gasteria, a genus closely alied to Aloe. The results of a comparison of

the solid colouring-matters contained in the flowers of TropcBoliim majus, the floral axis

of Chamiudorea Sartorii, and in the flowers of Gasteria formosa, Haw., with that in the

root of Craterostigma pumilum are summarized in the accompanying Table (p. 352) and
may now be discussed.

The reactions of the red colour of the roots of Craterostigma with iodine and with

concentrated sulphuric acid separate it at once not only from carotin, but from the whole
xanthic series. With iodine the colour is not dissolved, but turns dark brown. With
concentrated sulphuric acid the colour also at first becomes brown and then dissolves,

forming a yellowish-brown fluid, but leaving an insoluble residue consisting of colourless

granules.

Perhaps the most curious reaction, and one which suggests those of the cyanic series,
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is the behaviour of the red colour of our plant towards potash. The colour first becomes
a reddish purple and then a dull purplish or inky blue, but the pigment does not dissolve.

The contents of the cell also take on the same colour. AVitli nitric acid the colour

dissolves and forms a fluid which is coloured brownish pink. With acetic, chromic, and
hydrochloric acids the colour remains unchanged. In alcohol the pigment is extn^mely
soluble and forms a red solution with a yellowisli-brown or pink-browu tint. The colour

is also very soluble, and forms a red solution, in ether; but in benzol, carbon bisulphide,

and chloroform it is only slightly soluble.

The results we obtained with G-asteria are essentially the same as those which Courchet
got with Aloe.

The colouring-matter in Chamcedorea Sartorii in many of its reactions resembles
carotin, but in some of those in which it differs it behaves like the colour in Cratcro-

stigma. Both are extremely soluble in alcohol, whereas carotin is only slightly soluble.

But in CliamcBdorea this solution is followed by the formation of a finely divided vellow

precipitate. Both are very soluble in ether, and only slightly so in benzol and carbon
bisulphide.

The reactions of the colour in Craterostigma all differ markedly from those of carotin
;

among these the different behaviour of the two bodies towards concentrated sulphuric

acid and towards iodine are specially noteworthy. In no single reaction does the red

colour behave exactly like carotin. On the whole, though some of the reactions differ

considerably, it is much more like that of Gasteria (or Aloii) than any other with which
we have compared it.

With concentrated sulphuric acid Gasteria becomes first orange, then greenish yellow,

fading into pale yellow and quickly becoming colourless. Tiie changes of colour are so

various and so rapid that it is extremely difiicult to distinguish one from another and to

observe their sequence. With iodine the colour becomes a pale yellowish brown. These

reactions seem to be essentially tf\e same as those which occur when the red colour in

Craterostigma is treated w4th the same reagents. The difference is of degree rather ttian

of kind, and m:iy be due to the fact that the original colour of Gasteria is pale pink and

of Craterostigma a deep but bright red.

With alcohol both are very soluble and form pink or red solutions. Both are only

partly and slowly soluble in benzol, carbon bisulphide, and chloroform, with which ttiey

form pink or red drops of fluid. They differ, however, in their solubility in ether. liic

red colour dissolves readily, the pigment in Gasteria is almost insoluble. Potash, w hich

with carotin and the colour in Chamcedorea gives no reaction, affects, but iti different

ways, both the colour in Craterostigma and in Gasteria. That in the former rapidly

becomes reddish purple, then a dull blue, while that in the latter slowly changes to a

yellowish brown.

Hydrochloric acid with the red colour in our plant gives no reaction, but it changes

that in Gasteria into orange, which becomes yellow and then fades away.

With nitric acid the red colour dissolves and forms a brown-pink solution, while that

in Gasteria behaves essentially like carotin and the colour in Chanuedorea ; the colour

first becomes yellowish, and then rapidly disappears. Carotin takes on a blue, and the

SECOND SERIES.—BOTANY, VOL. V. 3 G
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colour in Chammdorea a blue-greea colour before becoming yellow, and, according to

Courchet, that in Aloe also first becomes green. Tliis reaction is a very remarkable one

to watch, as the change is so rapid that, as the reagent penetrates the tissues, a wave of

colour passes over the field, changing and disapj)earing as soon as it is formed.

Optical Troperiies of the Pigment.

Tiie granules were examined by means of polarized light, both in the fresh plant and

in the residue which remained after evaporation of the alcoholic extract. The granules

thus obtained differed little, if at all, from those in the fresh root. Owing to their

extremely small size, nothing definite could be determined about them, but they appeared

not to be crystalline *.

We do not think that the colouring-matter occurs in drops in the plant, because the

solid granules which are obtained from the alcoholic extract seem to be identical with

those in the fresh tissues.

We have also applied the tests for tannin, but with negative results.

We therefore regard the cAddence as being against the possibility of the colouring-

matter being an oily or resinous body in drops, and it is certainly against its being a

crystalline substance allied to carotin. It appears to be present in the form of rounded

non-crystalline granules w^hich may possibly be resinous, and which in their micro-

chemical reactions most closely resemble the colouring-matter in the flowers of Aloe.

When the plant is placed with its roots in water and exposed to the action of light,

the red colour, even after an interval of some weeks, changes very little. And this

apparent fading may be due to the change of the leucoplasts into chloroplasts, and the

consequent influence on the colour of the root as a whole ; in solution, however, the

colour slowly fades in the light.

The place of origin of the pigment may now^ be considnred. Courchet has shown

that solid pigments are usually, if not always, formed by plastids ; and this fact, taken in

connexion with the presence of such plastids in the tissues which contain the colour,

points to the origin of the pigment in these bodies, although we have never seen any of

the colouring-matter within the cells of our plant.

Any suggestion that the granules may be bodies foreign to the plant, and of the nature

of bacteria, is rendered impossible on account of their complete solubility in more than

one reagent, and also because they occur in spaces which are usually closed and have

therefore no connexion wdtli the exterior.

The excretion of colouring-matter by both plants and animals is not an uncommon

phenomenon. Such cases of the excretion of carotin are recorded by Zopf . Zimmermann

(' Botanical Microtechnique,' English edition, p. 112) mentions the excretion of colouring-

matter (which may be crystalline or, more rarely, amorphous) by various lichens.

As to the possible uses of the pigment we can offer no definite suggestions. It may

* The colouring-matter of Aloe^ which resembles that in our plant, also occurs in distinct granules which are non-

crystalline, and it has not yet been obtained in a crystalline form.
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be that the colour is merely incidental, and that it is the granules themselves which are

of use to the plant.

In discussing the uses of carotin to the plants in which he found it, Zopf suggests three

possible functions for the colour :

—

(1) That it is a protection against light;

(2) That it protects the plant against the attacks of plant-eating animals ;

(3) That it is a reserve material.

The first hypothesis is untenable in the case of our plant, because the colour occurs in

those parts of the plants which are not exposed to the light.

The second suggestion was abandoned by Zopf because, in the case of carrots, carotin

is no protection from the attacks of snails and other animals.

The third suggestion seems to us to be extremely improbable, especially as the colouring-

matter is produced in such large quantities in the intercellular spaces in perfectly active

organs. And, as we find no evidence of resorption, it may be taken to be an excretion.

It may be that some of the peculiarities of the colouring-matter in our plant are

due to its environment*. In this connexion Zopf's w^ork on Trentepohlia lolithus^

Wallr., an alga growing on bare rocks, is interesting and suggestive. In this plant,

which is alternately dried up by sun and wind and brought into a resting condition, and

supplied with w^ater by rain and dew and so enabled to grow, the reserve materials take

the form of oil-drops and of included crystals of carotin, i. e. of bodies wdiich are insoluble

in water.

It may be that a reserve material which is insoluble in water would be more stable

and less liable to be influenced by metabolic changes dependent upon fluctuations in the

amount of water present in the plant, especially if, as is the case in Crate rostigma, it is

placed outside the cells.

But it is difficult on any hypothesis but that of excretion to account for the position of

the granules outside the cells.

EXPLANATION OF THE PLATES.

Plate XXXIV.

Fig. 1. Whole plant, about natural size, showing leaf-rosette and red roots springing from the snort

root-stock (also red), one fully-expanded flower and two from which the corolla has tallen.

Fig. 2. A stolon with three buds, somewhat enlarged.

Fig. 3. Cross section of a bud, slightly magnified, showing sub-opposite leaves.

Fig. 4. Flower-bud viewed (a) from the side, [h) from below—anterior view, (c) from above—posterior

view.

Fig. 5. Corolla seen from [a] the side, {b) above, and (c) below. ,

We believe that our plant comes from a rocky region, where it would be exposed to periodic droughts.
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Fig. 6. A flower from which the corolla has fallen, showing persistent calyx and style.

Fig. 7. Vertical section of ovary in the antero-posterior plane, showing superior position, large axile

placenta, and terminal style. At (b) a lateral, and (c) front view of lipped stigma.

Fig. 8. Corolla dissected open from above and the posterior lobe removed ; natural size.

Fig. 9. Corolla laid open from below, magnified.

Fig. 10. Transverse section of ovary and calyx, magnified.

Fig. 11. A young capsule, projecting beyond the persistent calyx.

Fig. 12. Ripe capsule opening by two valves, septicidal and septifragal.

Fig. 13. Ripe seed, showing the pitting.

Fig. 14. Longitudinal median section of seed, showing nearly straight embryo in axis of endosperm.

Plate XXXV.

Fig. 15. Transverse section of root, showing central stele, and cortex with the large regular intercellular
spaces filled with the red pigment. The two outer layers have neither spaces nor pigment.
Low power.

J^g. 16. Portion of above, more highly magnified (Zeiss D), showing pigment lining walls of spaces.
Fig. 17. Transverse section of stele of root, with six xylem-strands, endodermis, pericycle, &c., of

normal type.

Fig. 18. Radial longitudinal section of outer root-cortex and piliferous layer, showing intercellular
spaces and pigment—c/. fig. 19—and the peculiarly thickened outer cell-walls of some of
the cells of the piliferous layer.

Fig. 19. Tangential oblique section of cortex of root, showing peculiar appearance caused by the
arrangement of the intercellular spaces.

Fig. 20. Transverse section of the rhizome, showing central stele, origin of roots, and oblique sections
of vascular strands to the leaves. The intercellular spaces of the outer cortex are filled with
the red pigment, except just below the epidermis.

Fig. 21. Part of transverse section through lamina of leaf, showing differences between upper and lower
epidermis, and the feebly differentiated palisade-tissue. Stomata and glands occur both
above and below.

Fig. 22. Transverse section through base of leaf, showing the pigmented intercellular spaces in lower
portion only.

Fig. 23. A stoma in vertical section.

Fig. 24. Two of the glands, seen from above.

Fig. 25. A gland and its pit in vertical section : in one of the epidermal cells a cystolith-like body.
Fig. 26. Section of epidermis, showing two cystoliths.

Fig. 27. Section across a small vein of leaf.

Fig. 28. Longitudinal section of small vein of leaf, showing the peculiar short tracheidal elements with
shelf-like thickenings.
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XI. The Structure of Lepidostrobus. By Arthur John Maslen. [Communicated hy

D. H. Scott, Ph.D., M.A., F.B.S., F.L.S.)

(Plates XXXVI. -XXXVIII.)

Read 19th January, 1899.

Introduction.

iHE large collection of sections of fossil plants formed by tbe late Prof. W. C.

Williamson, P.E/.S., and now preserved in tbe Natural History Museum, contains a

considerable number of slides which he referred to Lepidostrobus.

Owing to the fragmentary character of the remains, it has been found impossible to

refer with certainty any of these Lepidostrohiis slides, in which the structure is preserved,

to the particular vegetative organs to which they belong; although, from the association

of vegetative stems and strobili in the same deposit, Williamson was led to believe that

we know the strobilus borne by Lepidodendron brevifolium^ Will.* (the Burntisland

form), and probably also that of the Arran type, Lepidodendron Tf^mischianum,

Will.t

In 1877 t Williamson first described as a Lepidostrobus a cone of marked individuality

to which, later (in 1879) §, he gave the name of Lepidostrobus insignis. Still later (in

1889)
II
he described a supposed vegetative stem to which he gave the name of Lepido-

dendron Spenceri, and in his last memoir " On the Organization of the Fossil Plants of

the Coal Measures," read in 1892% the connection between this supposed vegetative

stem and the previously described strobilus was established. The researches of Dr. Scott

have shown, however, that Lepidodendron Spencer i. Will, is but the peduncle of the

strobilus, and peculiarities of tlie latter have led this author to remove it from the

Lepidostrobi altogether, and to refer it to a new genus—that of Spencerites **. In this

case also, therefore, the true vegetative organs are either unknown or unidentified.

* Williamson, W. C, " Organization of the Fossil Plants of the Coal Measures, Part III.," Phil. Trans. 1872,

p. 296 ; "General, Morphological, and Histological Index to the Author's Collective Memoirs on the Fossil Plants of

the Coal Measures," Part II. p. 102, Mem. &, Proc. Manch, Lit. & PhiL Soc. scries IV, vol. vii.

t " General Index," Part II. p. 109.

+ Williamson, " Organization," Part IX., Phil. Trans. 1878.

§ Ibid., Part. X., Phil. Trans. 1880, p. 502.

II
Ibkl., Part XVI., Phil. Trans. 1889, p. 199.

f lUd., Part XIX., Phil. Trans. 18ii:i, p. 24.

** Scott, D. H. " On the Structure and Affinities of Fossil Plants from the Palaeozoic Rocks. II. On

Spencerites, a new Genus of Lycopodiaceous Cones from the Coal Measures, founded on the Lepidodendron Spenceri

of Williamson," PhiL Trans. P. 1898.
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But not only is it generally impossible to refer isolated strobili to the corresponding

vegetative organs, but it is almost as difficult to refer isolated sections of the same type

of strobilus, with certainty, one to another. In 1892, Williamson, in the memoir before

referred to, called attention to this. He there tells us :— '' I have for many years

endeavoured to discover some specific character by which different Lepidostrohi could be

distinguished and identified, but thus far my efforts have been unsuccessful ... I have,

however, figured in Plates 8 and 9 some of the more distinctive modifications that I

have observed " *. After briefly describirg a number of apparently distinct forms,

including a series of sections of what is, apparently, a homosporous form from Oldham

(memoir xix. figs. 58, 59, 60, 61, 62, C.N. f 568, 574), and pointing out that

Mr. Binney, in his memoir on Lepidostrohus %^ had described sections cut from the same

specimen under the name of Lepidodendron Sarcourtii^ "Williamson says :
— '* I continue

to shrink from giving specific names to examples which, in all probability, only represent

types of forms reappearing in more than one species ] but, as in a previous memoir, I

still recognize the opposite inconvenience of having no concise means of referring to any

object figured. With a distinct understanding as to the meaning and purpose of such

names, and since the Lepidostrohus under consideration is rather characteristic of the

Oldham deposits, I will designate the type L. oldhamkis "
§.

Williamson gave a brief description of this type, necessarily incomplete owing to the

fact that he had no longitudinal section passing through the axis of the cone, although

such a section is contained in the Binney Collection at Cambridge, and was figured in

Binney 's memoir jj.

At the beginning of this year I undertook, at Dr. Scott's suggestion, a re-examination

of the Williamson slides of Lepidostrohus with the object of discovering whether it was

not possible to make out at least some distinct forms.

The collection contains two sections ot a cone of considerable size (C.N. 1776 a,

1776 b) collected by Mr. G. Wild, and exhibiting some of the structures in a very

beautiful manner. It is probably a comparatively recent addition to the collection, and

Mr. Wild informs me that he found it in the Lower Coal Measures, near Stalybridge.

One of the sections (C.N. 1776 a) has an extreme length of nearly 8 centims. ; it passes

through the cone in an oblique longitudinal direction, passing below into the xylem of

the axis and exhibiting the sporophylls and sporangia in approximately radial section,

while above it becomes more tangential. Figures drawn from this slide are shown on

PL XXXVIII. figs. 24-30 and 32-34. The other section from the same specimen is

more tangential and only shows numerous sections of sporophylls supporting sporangia,

similar to those shown on PI. XXXVIII. fig. 30. The extreme length of this section

* " Organization," &c., Part XIX. (1893) p. 26.

t Slides in the Williamson Collection have the letters C.N. (Cabinet Number) before the number in the series ;

those belonging to Dr. Scott are preceded by the letter S.

+ " Observations on the Structure of Fossil Plants found in the Carboniferous Strata, Part II. Lcjiidostroh'm and

some allied cones." Palaeontographical Society, 1871, pi. 7, p. 46

§ " Organization," &c., Part XIX. p. 28.

11
Loc. cit. pi. 7. fig. 3,
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is about 9*5 centims. A third section (C.N. 1776 c), obtained from the Bullion Eed at

Oldham, agrees so exactly with C.N. 1776 a and 1776 b as to leave no question as to

its being the same form.

Comparison of these three slides (C.N. 1776 a, 1776 b, 1776 c), Avhich I may for

convenience designate " Wild's Cone," with the type slides of Lepidostrobus oldhamius,

Will. (C.N. 568, 574), shows that, so far as the corresponding structures can be compared

in the absence of a transverse section of Wild's Cone, they are identical. It seems

possible therefore, with the aid of these beautifully preserved longitudinal sections, to

work out the structure of the cone in this type in greater detail than has hitherto been

done.

In Williamson's " Organization," &c.. Part XIX. 1893, fig. 57, is figured a LepidO'

atrobus which seems to merit more notice than that accorded in the text :
" Fig. 57 is a

fine longitudinal section of 2^, Lepidostrobus (x 4, C.N. 1614) with radially elongated

sporangia and sporangiophores. It is homosporous "
(p. 27). Although the sections in the

Williamson Collection, with others lent by Dr. Scott, do not enable me to give anything

like a complete account of the strobilus, yet they are sufficient to show that it is a

distinct form, and for this type I propose the name of Lepidostrobus foliage us, on

account of the leaf-like character of the sporophyll-laminae.

Most of the other slides in the Williamson Collection appear to agree more closely

with the original sections described by Williamson Oi^ Lepidostrobus oldhamius,8Liid under

this type name I shall describe some of them in this paper. There are, however, minor

differences in structure in the different sections, some of which, when more or better

material comes to be examined, may ultimately prove to be of specific value. At present

the difficulty (in dealing with isolated sections such as these) of making certain whether

the differences are really of specific value, or are only variations dependent on the age,

the degree of development, or the part of the cone from which the section was cut, is

very great. It seems safer therefore, at present, to adopt the name L. oldhamias for a

type of structure of which some of the most marked variations will be described in the

following paper as L. oldhamius (a), (/3), and (7).

Before proceeding to the detailed consideration of the slides specially to be considered

in this communication, a resu7rie may be given of our knowledge of Lepidostrobus,

particularly of the L. oldhamius of Williamson. The generic characters given by

M. Zeiller * may be accepted as the modern conception of the genus. The following

literal translation I take from Dr. Scott's memoir on Spencerites f, the italics being

M. Zeiller's own :
—" Cones offructljication cylindrical, oblong, or ovoid ; composed of a

woody axis bearing sporangiferous bracts arranged in a spiral, and somewhat crowded.

Bracts formed of a narrow pedicel, usually normal to the axis, and of a uninervate

limb, lanceolate or linear-lanceolate in outline, generally erect, and often even applied

to the surface of the cone. Sporangia ovoid, solitary, fixed upon the superior face of the

pedicel of the bracts."

• ' Bassin Houiller de Valenciennea. Description de la Flore Fossile," 1888, p. 4<J6.

t PhU. Trans, B. 1898, p. 99.]

3l2
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Referring to Williamson's figures of Lejpidostrohus oldhamius *, pi. ix. fig. 58 (C.N. 568)

is a transverse section, showing at the centre the relatively small vascular cylinder

surrounding a pith ; then a space representing the inner and middle cortex, in which can

be seen transverse sections of the sporophyll bundles ; and at the periphery of the axis the

dark, somewhat disarranged outer cortex, passing into the radially disposed sporophylls d,

bearing the large, bulky sporangia. On PI. XXXVII. fig. 23 of the present paper is

shown a photograph of the central structures from the same slide as that figured by

Williamson. At m. are the remains of the pith-cells, the pith here being relatively

small as compared either with Zepidostrobus Bi^ownii, Schimp. f , or the (a) form of

L. oldhamius to be hereafter described ; x. is the xylem cylinder, passing at the periphery

into a zone of smaller elements, the latter projecting into points as in Lepidodendron

Marconrtii, Witham, and other forms ; l.t\ are leaf-trace (sporophyll) bundles just free

from the xylem cylinder and now seen traversing a space from which the softer tissues

have disappeared ; i.e. the inner cortex with bundles passing through it, and l.t. leaf-

trace bundles contained in a space representing the middle cortex. Here each bundle

was evidently collateral in structure, the xylem being at x', a space representing the

phloem at p', while a parenchymatous sheath is seen surrounding the whole bundle.

Returning again to Williamson's figures, pi. 1. fig. 59, another transverse section

of the axial structures, shows that while the sporophyll bundle is passing through

the dark outer cortex, there is a second empty space external to the parenchymatous

sheath before mentioned. The origin of this space cannot be made out from the sections

figured by Williamson, but in a longitudinal section (C.N. 1613, see my VI. XXXVI.
fig. 10), to be afterwards described, it is seen to arise below the bundle and to be continuous

with the middle cortex space. It doubtless corresponds with what has been described

as the parichnos in the vegetative leaves.

In the vertical section of the same cone, also figured by Williamson (pi. 6. fig. 61,

C.N. 574), on the left the cone is cut more or less tan gentially, exhibiting the pedicels

of the sporophylls h in transverse section, each supporting a sporangium a. On the

right the section traverses the cone in an obliquely radial direction and shows that the

sporophyll passes outward in an approximately horizontal direction, forming at the

periphery of the cone the somewhat peltate extremity b'. The ligule can also be quite

weU seen in the slide from which this drawing was made (C.N. 574), although it was

not described or figured by Williamson J.

As Prof. Williamson has pointed out :
—" Mr. Binney described and figured the above

species twice over : once from the specimens from which my sections were also derived,

when he assigned to it the name of Lepidodendron Harcourtii; and again in plate viii.,

when he gave to it the name of L. vasculare. I am obliged to reject both these specific

determinations "
§.

• " Organization," &c., Part XIX.

t Bower, " On the Structure of the Axis of Lepidosirohus Brownii, Schpr.," Ann. Bot. vol. vii, pL 16. fig. 1.

X Maslen, " The Ligule in Lepidostrobtts" Ann. Bot. vol. xii. p. 258.

§ " Organization," Part XIX. p. 28 ; Binney, in Palaeontogr. Soc. 1871, pla. 7 & 8,
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I will now pass to the sections forming the principal subject matter of this communi-

cation, beginning with Lepidostrobus oldhamius as being the most completely known form.

LEriDOSTROBUS OLDHAMITJS, Will. (a).

This form is based^on four slides, three of which (C.N. 572, 1613, 1613 c^) are contained

in the Williamson Collection, and the fourth (S. 85) in that of Dr. Scott, F.R.S. The
sections are all isolated, i. e. there is no evidence as to whether they all belong to

different specimens or not. The longitudinal sections are only fragments, and include

neither the base nor apex of the cone, so that it is impossible to give any idea as to its

length, &c. The diameter of the transverse sections is between 2 and 3 centims. The
central axis of the cone has a diameter varying in the two transverse sections between

about 3*5 millims. (S. 85) and 4-0 millims. (C.N. 1613 d) ; that of the central vascular

cylinder being "7 millim. (S. 85) and '75 millim. (C.N. 1613 d) respectively.

These slides are specially valuable for the perfect preservation of some of the axial

structures, the sporophylls and sporangia being only imperfectly shown : Wild's Cone, on

the contrary, exhibits well the structure of the appendages, and it is hoped that by a

combination of the two forms the structure of Lepidostrobus may be made out in a

fairly complete manner, although it must be admitted that there are still considerable

lacunae in our knowledge which can only be obliterated by the discovery of yet more

perfect remains.

The general arrangement of parts is quite similar to that of L. oldhamius as described

by Williamson (the /3 form in the present paper), as will be seen by comparing his

figures before quoted with those in Plates XXXVI. and XXXVIL
PI. XXXVI. fig. 1 is a partial transverse section of the cone, showing at m the pith-cavity

surrounded by the vascular cylinder x. The stele evidently contained a relatively large

medulla (larger than in the /3 form), although, unfortunately, in neither of the transverse

sections are any of the pith-cells preserved ; while the longitudinal section (C.N. 1613),

in which the anatomical structure is best seen, is not sufficiently radial to pass through

the medulla.

Outside the wood is an empty space, i.s., from which the softer tissues (probably

phloem and pericycle) have perished. Leaf-trace bundles are seen passing through this

space. Beyond this, the usual three zones of the cortex can be recognized: i.e., the

inner cortex, with leaf-trace bundles passing through it; m.c, the middle cortical space,

with transverse sections of the leaf-traces l.t., each surrounded by a parenchymatous

sheath; and o.c, the outer cortex. Around the axis are shown sections of sporophylls

sph., and remains of sporangia with spores, sm.

The Vascular Cylinder, ^c.—As in L. oldhamius (/3), the smaller xylem elements

constitute a peripheral zone with which the xylem of the leaf-traces is continuous.

Comparison of PI. XXXVI. fig. 2 with the similar section of L. oldhamius (/3) shown on

PL XXXVII. fig. 23 exhibits at once a difference in the number of the larger xylem

elements in the radial direction. In the former the average number of such elements is

but 2 or 3, sometimes reduced to 1 ; whereas in the latter they number 4-6.
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Another peculiarity in the vascular cylinder of this type is seen in the abundance

of short tracheides ("barred cells") in the peripheral region. PL XXXVI. fig. 2 is a

transverse section showing the vascular cylinder, inner cortex, and emerging leaf-trace

bundles, some of the short tracheides being shown at s.t. PI. XXXVl. fig. 3 is a longi-

tudinal section of the xylem cylinder ; it is not, however, truly radial, and so does not

pass through the pith. The larger tracheides x. exhibit scalariform thickening, and are

quite similar to those shown on PL XXXVIII. fig. 24 from Lepidostrohus oldhamius (|3).

At the periphery can be seen some of the characteristic short tracheides. Two of these

short tracheides from the same section (C.N. 1613) are shown more highly magnified

on PL XXXVI. fig. 4.

Some of the smaller peripheral xylem elements appear to show spiral thickening, and

doubtless here, as in other Lepidodendra, the development was centripetal, the proto-

xylem occupying the periphery of the wood.

At first thought it might appear that in the presence of these short tracheides we have

something similar to the arrangement seen in the axis of Lepidodendron selaginoides, and so

characteristic a feature of that type of stem *. There is, however, the striking difference

that, whereas in L. selaginoides the barred cells are found intermingled with ordinary

parenchymatous cells about the centre of the stele, in Lepidostrohus oldhamius (a) these

short tracheides are found only at the periphery oi the xylera, among the smaller elements

which give rise to the leaf-trace bundles, so that there is no real resemblance between

the two forms, excepting in so far as they both possess similar short barred elements.

Another feature which is beautifully preserved in this form is the presence of a com-

paratively thick zone of parenchymatous tissue completely investing the xylem cylinder.

This tissue is best seen in the longitudinal sections (see PL XXXVI. figs. 3 & 5). In both

these figures it will be seen that the tissue in question, p., consists of fairly thin-

waUed, generally flat-ended cells, showing an arrangement in vertical series. The cells

are but little elongated in the longitudinal direction, and the vertical sections show no

trace of anything here besides ordinary parenchyma ; there is no indication of sieve-tubes

or special phloem elements of any kind. Moreover, there is some evidence that these ceUs

passed at the periphery into a more delicate tissue with longer cells (see PL XXXVL fig. 3),

but the latter tissue lias almost entirely disappeared from around the central axis of the cone.

As will be shown later, there is abundant evidence in the leaf-trace (sporophyll) bundles

of the presence of a tissue between the xylem and phloem, which is here fairly well

preserved ; and there can be little doubt that around the central axis the true phloem is

represented by a portion of the empty space within the inner cortical zone, and that there

was a distinct parenchymatous tissue between the xylem and phloem.

The same tissue can also be seen in the transverse sections (see PL XXXVI. fig. 2, p.).

Through this tissue the leaf-trace bundles pass, diverging only very gradually from the

xylem cylinder, as shown on PL XXXVI. fig. 5, l.t'., in longitudinal, and PL XXXVL
fig. 2, It., in transverse section. See also the diagram, PL XXXVII. fig. 22.

Cortex.—As Prof. Bower has shownf, there is in Lepidodendron a diff<erentiation of

* See figures in Williamson, "Organization," Part II., Phil. Trans. 1872, and Part XI., PhiL Trans. 1881.

t Ann. Bot. vol. vii. p. 343.
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the primary cortex into three more or less distinct zones, of which the middle zone was

of a softer and often of a very spongy or even of a trabecular character. The same is

true also of Lepidostrobus, in which only the primary tissues are developed.

Beyond the inner space (PL XXXVI. fig. 2, i.s.), the inner cortex, i.e., is well shown, it

is thin (narrow radially), varying from 2-6 rows of cells in radial thickness, the maximimi

given here being about equal to that of L. oldhamius ((3) (see PI. XXXVII. fig. 23, i.e.).

In vertical section (PL XXXVI. fig. 5, i.e.) the cells are seen to be somewhat elongated

in the vertical direction and to have, generally, oblique cross-walls. The cells are also

seen to be larger than those of the tissue immediately investing the axis. The transverse

section (PL XXXVI. fig. 2) shows the way in which the leaf-trace bundles pass through the

inner cortex, and how they obtain from it a sheath which, as we shall see, accompanies

them into the sporophylls.

Outside the inner cortex is the wide space (PL XXXVI. fig. 1, m.c, and fig. 2, tn.c.)

representing the middle cortex. No trace of the tissue formerly occupying this space can

be seen in any of the sections, either at its inner or outer limit or around the leaf-trace

bundles by which it is traversed, a fact to be explained only on the assumption that the

tissue was of an exceedingly delicate nature.

The outer cortex is well preserved and has a thickness (between the points of insertion

of the sporophylls) of about 5 millim. The cells are thick-walled, and many show the

peculiar structure represented in tangential section on PL XXXVII. fig. 15, o.c. ; in radial

section on PL XXXVI. fig. 7, o.c, and fig. 8 ; and in transverse section on PL XXXVI.
fig. 9. As already pointed out, these cells are tliick-walled, and they show in their interior

what appears to be a shrunken lenticular mass probably representing the remains of some

peculiar contents, or possihly only a swollen inner layer of the cell-wall.

These peculiar cells appear to be highly characteristic of this form of Lepidostrobus,

and can be seen not only in the outer cortex of the axis, but also in the cells which form

the cortex of the sporophylls (see PL XXXVI. fig. 7). Sections of the latter, even when

forming the free scales (laminae) at the periphery of the cone, still exhibit a peripheral zone

of cells possessing much the same structure (PL XXXVII. fig. 17). Cells of tliis character,

though highly characteristic of the form under consideration, are still not confined to it

;

some cells presenting similar characters can be seen in sections of other forms. In the

longitudinal section of Wild's Cone (L. oldhamius ((B), C.N. 1776 a, see PL XXXVIII.

fig. 26, showing the cells of the outer cortex in longitudinal section), in which the

structure of the outer cortex is perfectly preserved, no trace of such cells can be seen,

though similar cells can be seen around the periphery of the sporophylls in the same

section. Moreover, in L. oldhamius (a) the outer cortical cells are on an average

much rounder and shorter than those of Z. oldhamius (/3), (ep. PL XXXVI. fig. 8 and

PL XXXVI II. fig. 26), making it almost certain that the differences are not merely due

to peculiarities in mineralization.

The Leaf-trace Bundles.—The leaf-trace bundles arise, as is usual in the Lepidodendra,

from the peripheral portion of the vascular cylinder, and pass very gradually obliquely

outwards until they reach the outer cortex, where they bend outward more rapidly to

the sporophylls.
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The tracheas in each bundle vary in number between about 10 and 16, and

the smaller elements certainly in many cases appear to occupy an internal position, so

that we have here, probably, another example of the mesarch type of vascular bundle

(see PI. XXXVI. fig. 12) commonly found in the foliar bundles of recent Lycopods *

and Cycads, as well as in many of the old Palseozoic Cryptogams f

.

When passing through the inner space (PI. XXXVI. fig. 2, i.s.) the bundles, l.t., show an

investment of fine parenchymatous cells extending completely round thera. On

PL XXXVI. fig. 5, at l.f'., is shown a similar bundle in the inner space, and here, too, it

is seen to have a parenchymatous investment of cells even where quite free from the

central parenchyma. The bundle shown on PL XXXVI. fig. 2, a, at the inner margin of

the inner cortex, still retains an almost complete investment of these thin-walled cells.

So there seems no doubt that the outgoing leaf-trace bundles are accompanied by

an investment of parenchymatous cells, and that these cells are continuous with those

immediately surrounding the xylem cylinder of the axis of the cone.

Leaving the inner space, the bundle next traverses the inner cortex. The transverse

section (PL XXXVI. fig. 2) shows how the bundle, enveloped in its investment of cells,

gradually passes outward towards the inner cortex, which gradually bulges out into a

bay into which the bundle enters. It is here that we first have evidence of the collateral

structure of the bundle, the space on the outer side of the xylem and between it and the

inner cortex doubtless representing the position formerly occupied by the phloem. As the

bundle passes through it, the cells of the inner cortex gradually close up behind and the

bundle carries away with it a complete sheath of cells. This is also shown in longitudinal

section on PL XXXVI. fig. 5, where, at l.t"'., a leaf-trace bundle is shown in connection

with the inner cortex, i.e.

It appears, then, that each bundle is provided with two sheaths—one surrounding the

xylem only and continuous with the tissue immediately investing the central xylem

cylinder ; the other, surrounding both xylem and phloem, consisting of somewhat thicker-

walled and larger cells continuous with the inner cortex. In the single bundle from

the middle cortical zone shown on PL XXXVI. fig. 12, these two sheaths are shown

at p. and i.c.sh.

In the middle cortex-space the bundles have a diameter (including the inner cortex-

sheath) of about -15 millim. (C.N. 1613, 1613 r^, S. 85), and the sections show (see

PL XXXVI. fig. 12) that the cells of the inner cortical sheath, i.c.sh., are larger at the

inner side of the bundle, and that they gradually become smaller towards the outer side of

the trace. PL XXXVI. fig. 11 is a longitudinal section through a bundle in this region.

The larger cells of the inner cortical sheath are shown at the inner side of the bundle at

Lc.sh.,and the smaller somewhat more elongated ones at the outer side at i.c.sh/; x. is the

xylem, exhibiting the usual scalariform thickening, and /. the phloem, here preserved.

The latter consists of exceedingly thin-walled elements, elongated in the vertical direction

* I am indebted to the kindness of Mr. L. A. Boodle, A.R.C.S., for having shown me (in the JodreU Laboratory,

Kew) Bome sections of the leaf of Lycoj_)odlmn in which the bundles show this structure very clearly.

t See "Williamson and Scott, " Further Observations on the Organization of the Fossil Plants of the Coal Measures,

Part III., Lygimdendron and Eeterangium," Phil, Trans. B. 1896, p. 713.
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and showing occasional transverse or oblique cross-walls. At j9 is seen a zone of cells

occupying a position between the xyleni and phloem—a position corresponding with that

occupied by the cells shown at p in the transverse section (PI. XXXVI. fig. 12) and

doubtless representing modified cells of the inner sheath. Here the cells appear to be

fairly thick-walled and exhibit great elongation in the vertical direction.

When the bundles enter the outer cortex various points of interest arise. PI. XXXVI.
fig. 6 is from a photograph of a portion of a tangential section passing through the outer

cortex and showing some of the emerging leaf-trace bundles cut more or less transversely.

It will be seen that below each bundle there is an empty space, Pa., of considerable

size. The same space is also seen in PI. XXXVI. fig. 7, which is a photograph of a

nearly radial section passing through the outer cortex and proximal end of a sporophyll.

In the transverse section (PI. XXXVI. fig. 1) a similar space, P«., is seen heliind the

vascular bundle, as already mentioned in the description of Williamson's figures. In

the slides from which Williamson's figures were made the origin of this space cannot be

determined, but in PL XXXVI. fig. 10, which represents part of a radial section, its

continuity with the middle cortical space is clearly seen. In this figure, i.e. is the inner

cortex, o.c. the outer cortex, and l.t. a leaf-trace bundle passing outward. The bundle

is broken ; but the continuity of the space Pa., below the bundle, with the middle

cortex space, m.c, is quite clear. Unfortunately the tissue formerly occupying this space,

as also the middle cortex itself, has entirely disappeared. Further reference to this

space, which undoubtedly represents the tissue named the parichnos by Bertrand *, in the

vegetative region, will be made in the description of Wild's Cone {L. oldhamius /3).

Reverting again to PI. XXXVI. fig. 7, a leaf-trace bundle is seen intersected longi-

tudinally as it is passing into the pedicel of a sporophyll. The xylem is shown at x. and

the phloem at p!, while between the two is a rather thick-walled tissue p. Surmounting

the bundle is a parenchymatous tissue sh., and below the phloem the remains of a dark-

looking tissue shJ \ doubtless both sh. and sh! represent the inner cortical sheath. On

PL XXXVII. fig. 13 these structures are shown on a larger scale, the reference letters being

the same as before. The remarkable development of the tissue between tbe xylem and

phloem in this region is shown on PL XXXVII. fig. 14. This is from a radial section of

a leaf-trace bundle in the outer cortex just as it begins to bend more sharply outward

to the sporophyll. Here the tissue p., between the xylem x. and phloem p. , is very

strongly developed, resulting in the w^ide separation of the two latter tissues. The

drawing represents the bundle in its natural position, and it will be seen that the cells ^.

are so arranged that their long axes are parallel, not with the length of the leaf-trace,

but with the main axis of the cone.

PL XXXVII. fig. 15 is an enlarged drawing of one of the bundles shown in the

tangential section through the outer cortex (PL XXXVI. fig. 6). The bundle is passing

obliquely outward, and so is not cut quite transversely. At x. the xylem is shown ; at ^'.

the phloem elements with quite thin walls ; while between the two the fairly thiek-wallcd

tissue p. is seen. At sh., sh. are some clear-looking cells quite distinct from those of the

outer cortex o.c, and doubtless representing the inner cortical sheath.

* " Remarques aur le Lepidodendron Harcourtii" Trav. et Mem, Facult Lille, vol. ii. (18D1), Mem. 6, p. 84.

SECOND SERIES.—BOTANY, VOL. V. 3 K
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Structures outside the Aoris.—Unfortunately, in the sections of this form the structures

outside the central axis of the cone are not well preserved. In the longitudinal sections

the pedicels of the sporophylls are seen radiating out from the axis with a slight upward

direction, and in the transverse section shown on PL XXXVI. fig. 1 sections of the

sporophylls, sph., are shown attached to the sporangia, sm.

Of the spores hut little can be said. They are found singly and in tetrads. There

is no evidence to prove whether the cone was homosporous or heterosporous, the only

spores seen being from "02 to *03 millim. in length, which is about the usual size of

the spores which are described among Lepidostrohi as microspores. No trace of the

ligule can be seen in these slides, probably owing to the imperfect preservation of the

outer portions of the strobilus.

On PI. XXXVII. fig. 16 is shown a transverse section of one of the larger laminae

seen around the periphery in both the transverse sections (C.N. 1613 d, S. 85). A
somewhat similar lamina is also shown at the periphery of the transverse section,

PL XXXVI. fig. 1. As can be seen by a comparison of the sporophylls shown in these

two figures, the pedicel, when traced from the axis outward, exhibits a progressive

enlargement of its lateral wings, and when quite free from the sporangium (fig. 16)

the lamina becomes of considerable size. In fig. 16 the vascular bundle is seen at l.t.,

illustrating tlie typical uninervate character of the genus, while below it is a somewhat

irregular space. The main tissue of the sporophyll is a thin-walled, small-celled

parenchyma, passing at the periphery and at the edges of the leaf into a thicker-walled

protective zone.

PL XXXVIT. fig. 17 is a section of the thin edge of a lamina quite similar to that

shown in fig. 16 ; it exhibits cells having an appearance somewhat similar to those of

the outer cortex of the axis, and bounded by a distinct epidermis, e.

On PL XXXVII. fig. 18 is an enlarged drawing of the vascular bundle shown at l.t.

in fig. 16. The xylem is seen at x. and the phloem aty., with isolated barred cells at s.t.

The bundle appears distinctly collateral.

PL XXX VII. fig. 19 is the transverse section of two smaller scales from the periphery

of the same section. Doubtless they belong to sporophylls inserted lower down on

the axis. The outside of the cone was well protected by these overlapping free

portions of the sporophylls, which doubtless extended upward for a considerable

distance, gradually becoming smaller.

PL XXXVII. fig. 20 is an enlarged drawing of one of the bundles from fig. 19. Here

the xylem, x., appears to be completely surrounded by a thin-wailed tissue (probably

phloem), so that as the apex of the sporophyll is approached tlie bundle appears to

become concentric instead of collateral.

LePIDOSTROBUS OLDHAMIUS (|3).

The general morphology of this form—the form originally described by Williamson as

L. oldhamius *, which for convenience I propose to designate my /3 type—has been

already described in the introduction. The sections to be specially considered now

* " Organizafcion," Part XIX. p. 28.
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(Wild's Cone, C.N. 1776 a, 1776 b, 1776 c) have been compared with Williamson's type
slides and with other sections cut from the same specimen which are now preserved in

the Binney Collection at Cambridge. So far as the corresponding structures cjiu be

compared in the absence of a transverse section of the newer specimens, the latter appear

to be identical with those described by Williamson, and they will therefore be described

as Lepidostrobus oldhamius ((3). The general morphology is quite similar to that of

the L. oldhamius (a) already described.

Structure of the Axis.—The axis is traversed by a central xylem cylinder, but unfor-

tunately the specimen from which the longitudinal sections have been cut was in a

somewhat flattened condition and the axial tissues disarranged. Notwithstanding tliis,

the xylem elements are beautifully preserved. PI. XXXVIII. fig. 24 shows some of the

larger xylem elements in longitudinal section. As can be seen, they exhibit the scalariform

type of thickening in a very perfect manner, and show also the very fine vertical striae

connecting the transverse bars so commonly seen in these old Lepidodendroid plants.

This latter character, long thought by Williamson to be a diagnostic one of Lepidoden-

dron mundmn. Will., but afterwards shown to be equally characteristic of well-preserved

tracheae of other forms (including Lepidodendron selaginoides, L. Marcourtii, and

L. Wunschianum), appears so constantly in the best-preserved sections of all these forms

that it can hardly be referred to one of the effects of mineralization, but must rather be

regarded as a structural peculiarity. These larger elements appear to be tracheides with

very long oblique septa, and they have a maximum diameter of about -O^-'OS millim.

Some of the smaller, peripheral, xylem elements are shown on PI. XXXVIII. fig. 25.

They do not clearly show septa, and the thickening is often of a very loose nature

(spiral ?). Doubtless the development of the xylem was centripetal, and these elements

constitute the protoxylem.

Unfortunately, in none of the slides of this form is there any trace of the tissues

betwx'cn the periphery of the xylem and the inner cortical zone.

Bower * has described the structure of the axis of Lepidostrobm Brownii, Schimp., in

which the axial tissues are completely preserved as far outward as the middle cortex.

He has also recognized what he considers to be the eudodermis, a band corresponding in

position with the innermost layer of the cortex, distinguished by Hovelacque as the

" game "
f . If this determination of the endodermis be correct, then the tissue between

it and the xylem cylinder in L. Brownii, and representing presumably both phloem and

pericycle, must have been exceedingly scanty. Opposite the points of the tracheal

cylinder this tissue is only about 2 cells in radial thickness. Prof. Bovver points out that

if a true phloem was present it can have existed only in comparatively small quantity,

and he proceeds to make a comparison with the Psilotaceae, in which there is very little

tissue referable to phloem.

Returning to L. oldhamius (a), PL XXXVI. tigs. 1, 2, 3, & 5, it will be seen tiiat the

arrangement of parts is quite different. Here the space between the xylem and inner

* Ann. Bot. vol. vii.

t " Recherchcs sur le Lepidodendron selaginoides. Stern," Memoires de la Societe Linncenne de Normandie, Caen,

1892, p. 52.

3k2
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cortex is wide, and there is a comparatively thick covering of parenchyma around the

woody cylinder. It seems certain that the phloem was very much better developed than

in Lepidostrobus ^t^ownii, Schimp. There is no evidence whatever in the latter species

of a thick parenchymatous sheath around the xylem. The better development of the

phloem in Z. oldhamms is also shown by a comparison of the leaf-trace bundles as seen

in transverse section in the middle cortex. In L. Broionii the phloem space is much

smaller than the corresponding space in L. oldhamms.

PL XXXVII. fig. 23, i.e. shows the resistant band of inner cortex in L. oldhamms (/3).

It is seen to consist of about 6 or 7 radial rows of cells. It is thicker than in the a form,

but the leaf-trace bundles traverse it, and each receives a sheath from it exactly as has

been described.

Here again there are differences as compared with Z. Broimii as described by

Prof. Bower. Immediately outside the endodermis (in Z. Zroivnii) there is a par-

enchymatous tissue with sclerenchymatous elements, which may be scattered singly

or, as the outer part is reached, may preponderate and form a dense mass of tissue *.

There is nothing in Z. oldhamiiis to correspond with this.

Passing to the outer cortex, it will be seen to consist of a sclerenchymatous tissue.

PL XXXVIII. fig. 26 exhibits some of the cells in longitudinal section. They have thick

walls and an average diameter of about "02 to '03 millim. Many of these cells exhibit

beautifully the cross striation of the thickened cell-wall so characteristic of some

sclerenchymatous fibres (PL XXXVIII. fig. 27).

As can be seen from the drawing showing the outer cortex and proximal end of

the pedicel (PL XXXVIII. fig. 28), and as can also be seen in transverse sections (see

Williamson, " Organization," Part XIX. fig. 58), the outer cortex passes outward into,

and forms the cortex of, the proximal end of the sporophylL Moreover, it is mainly the

cells passing up from below, accompanying the vascular bundle, which pass thus into the

pedicel ; the cells coming down from above appear to end abruptly against the outgoing

tissue.

The outer cortex of this form differs from that of Z. oldhamiiis (a) in (1) the

general greater length and smaller diameter of the cells in the former type, in which all

the cells are distinctly fibrous, whereas in the latter most of the cells are not much longer

than wide ; and (2) in the |3 form the cells do not exhibit the peculiar preservation of

(apparently) cell-contents characteristic of Z. oldhamiiis (a). (Cf. PL XXXVI. fig. 8 &
PL XXXVIII. fig. 26.)

The cortex of Z. Brownii difiers from that of Z. oldhamius not only iu the features

already mentioned, but also in the relative thickness of the three zones into which it is

divided. It will readily be seen by comparison of Bower's figure, pi. xvi. fig. 1, and my
PL XXXVI. fig. 1, that in L. Broimiii the inner and outer cortical zones are both thicker,

while the middle cortical space is evidently narrower.

The Zeaf-trace Bundles and Sporophylls.—As already mentioned, these sections are

specially valuable on account of the good preservation of the sporophylls and sporangia,

* Eower, in Ann. liot. vol. vii. p. 336.
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organs which are commonly crushed or destroyed even in those specimens showing good

axial structures.

So far as the origin of the bundles and their passage through the inner space, inner

cortex, middle cortical space, and outer cortex is concerned, there is nothing to distinguish

this from the (a) form before described. The bundles traversing the middle cortical space

distinctly show the remains of two sheaths : one surrounding the xylem only, and the

other, the ordinary inner cortical sheath, investing the whole bundle.

PI. XXXVIII. fig. 29 is a vertical section of a bundle in this region ; it does not pass

centrally through the bundle, and so escapes the phloem space ; it shows, however, the

mesarch nature of the xyJem, £c., and the cells of the inner cortical sheath, i.c.sh.

Examination of the radial section preserved in the Binney Collection at Cambridge

shows indications of the same peculiar arrangement of cells between the xylem and phloem

of the leaf-trace when in the outer cortex, as is ilhistrated on PI. XXXVII. fig. 14 in

Lepidostrobtis oldhamius (a).

PI. XXXVllI. fig. 30 is part of a tangential section of the cone, magnified ten times. It

shows the pedicels, cut approximately in transverse section, each supporting a single

sporangium on its upper surface. Each sporangium is filled with spores.

PI. XXXVIII. fig. 31 is an enlarged drawing of one of the sporophylls and adjacent

sporangia, from the same section as that figured by Williamson, '* Organization," &c.,

Part XIX. pi. 6. fig. 61. The pedicel is cut transversely, and the section passes so near the

main axis of the cone as to escape the attachment to the sporangium. It exhibits a

triangular form, and consists mainly of a sclerotic cortex, <?., continuous with the outer

cortex of the axis. The vascular bundle is seen towards the upper surface, the xylem, x.

being preserved, while the phloem, p., is represented only by a space. Surrounding the

whole bundle is a parenchymatous sheath, ^.c.s^., doubtless representing the inner cortical

sheath. Below this is seen the large parichnos space. Pa., which was doubtless originally

filled with tissue continuous with the middle cortex of the axis.

The parichnos in the vegetative region of Lepidodendron has been described by

Bertrand *, Hovelacque f, and Williamson $, who have shown that the leaf-trace while

traversing the outer cortex of the stem is accompanied by a distinct strand of specialized

cells, and that before entering the leaf-base this strand, whicli Bertrand named the

parichnos, bifurcates, the two arms bending away right and left of the leaf-trace, so that

the bundle in the cushion (leaf base) is accompanied by two strands of tissue, one on either

side. There is no indication of such a bifurcation in the parichnos of the sporophyll ; this

difference may, perhaps, be correlated with the small width of the proximal end of the

pedicel as compared with that of the leaf-base on the vegetative stem.

PI. XXXVIII. fig. 32 is a section similar to the last, but cut at a somewhat greater

distance from the axis. (N.B. This drawing is magnified to more than double the scale of

fig. 31.) The pedicel has here lost its triangular outline and is becoming distinctly winged,

while above, the attachment is shown to the sporangium. Apart from these differences,

* Trav. et Mem. Facult. Lille, vol. ii. (1891), Mem. 6.

t M«3m. Soc. Linn. Normandie, 1892.

t " Organization," &c., Part XIX., Phil Trans. 1393.
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however, the structure is quite similar : at c. is the sclerotic cortex, bounded externally by

a well-marked zone of smaller cells constituting an epidermis; at x., the xylem; p., the

phloem space ; i.c.sh., the remains of the inner cortical sheath ; and Pa., the parichnos

space.

The attachment to the sporangium is shown to be quite narrow ; and passing up into

the cavity of the sporangium is a mass of parenchymatous tissue, 6, which, spreading

out laterally, occupies a considerable portion of the floor and w^alls of the cavity, being

thickest immediately above the line of insertion and gradually thinning-out laterally. At

sp.w. is the sporangial wall, consisting of a single layer of palisade-like cells.

PL XXXYIII. fig. 33 is a longitudinal section through much the same region of the

pedicel as in the last figure, and we see here the same tissues. At h is the pad of paren-

chyma forming the floor of the sporangium ; as can be seen in fig. 32, it is continuous with

the cells forming the sheath Lc.sh. around the leaf-trace, near to which the cells become

more elongated in the direction of the length of the bundle, as shown in fig. 33. This

tissue invariably contains a number of characteristic cells with dark contents; some of

these cells are shown in figs. 32 and 33.

At X. (fig. 33) is the xylem, consisting as usual of scalariform tracheae, below which the

rather abundant tissue j;., consisting of small elongated elements, appears to be the phloem.

Below this, again, come the large clear-looking cells of the inner cortical sheath, i.c.sh.

The parichnos space, JPa., is shown, as well as the sclerenchymatous elements of the

cortex, G.

Reverting to PI. XXXVIII. fig. 28, w^hich shows the outer cortex and proximal end of

the sporophyll in nearly radial section, it will be seen that the sporangium shows the attach-

ment to the pedicel to within a short distance (1-6 millim.) of the axis of the cone. The

distal point of attachment can be seen in PI. XXXVIII. fig. 34, or better in my previously

given figure illustrating the position of the ligule *. It will be seen that this point is quite

close to the periphery of the cone, thus show^ing that the sporangium was attached to the

pedicel by almost the whole length of its base. But although the attachment was thus a

very long one, it was at the same time very narrow.

Sir Joseph Hooker, in his classical paper on Lrpidostrobus f ,
gives a restored section

(which has been copied into most of the text-books) in which the sporangium is shown
attached to the pedicel only by a narrow neck of tissue near its outer end. In my figure

('Annals of Botany,' loo. cit.) precisely the same appearance is presented. In the latter

case, however, it is due merely to the fact that, owing to the small tangential wadth of

the attachment, the section has traversed it only near its distal extremity; and the same
explanation, in all probability, can be applied to Hooker's sections, which I have

examined in the Jermyn-Street Museum.
As Dr. Scott points out in his memoir on Spencerites :—'' The attachment of the

sporangium, either by the whole length of its lower surface or by a considerable part of

it, to the upper side of the pedicel, appears to be constant in all species of Lepidostrobus

* Maslen, " The Ligule in Lepidostrohus;' Ann. Jiot. vol. xii. p. 25?>.

t " Remarks on the Structure and Affinities of some Lepidosirobi," Mem. Geol. Suxv. voL ii. part n. 1848.
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where the preservation is sufficiently good for such points to be determined, and must, in

my opinion, be regarded as an essential character of the genus " *.

The ligule has been described and figured in a former contribution to the ' Annals of

Botany,' and but little need be said about it here. Its position, quite close to the distal

extremity of the line of attachment with the sporangium, and its distance (about

1'5 centim.) from the periphery of the axis of tbe cone, are of course consequent

on the great elongation of the sporangium in the radial direction so characteristic

of Lepidostrobws. Thus the whole of the horizontal (sporangium-bearing) portion of

the sporophyll appears to be the homologue of the short leaf-base or cushion of the

vegetfitive stem.

Passing to tlie free portion of the sporophyll, Williamson's figures already quoted show

that at the periphery of the cone it expands in all directions, forming a somewhat peltate

extremity. The downwardly-directed lobe is thick, and covers and protects the sporangia

below. The upw^ardly-directed scale is represented in Williamson's and Binney's figures

as being comparatively short. PL XXXVIII. fig. 34 shows, however, that each sporophyll

extends for a considerable distance upward, and that the sporangia are therefore

protected in a very complete manner.

The peltate extremity of the sporophyll is of course traversed by the leaf-trace bundle,

associated w ith which are many short tracheides (" barred cells ") forming a kind of

transfusion-tissue, probably compensating somewhat, physiologically, for their uninervate

character. Some of these short tracheides, which occur also in the vegetative leaves, are

shown on PI. XXXVIll. fig. 35.

Lepidostrobus OLDHAMIUS (y).

PI. XXXVII. fig. 21 is a photograph of the transverse section of a cone wiiich, although

clearly of the same general type as the forms already described, yet differs in certiiin

details of its structure. W^hether these differences are sufficient to constitute it a distinct

species or not seems impossible to determine until more material is at hand. What is

particularly needed is complete cones which can be cut up throughout their entire

length so as to show what variations in structure, if any, take place in different regions

in the same cone.

However, whether this be a distinct species of Lepidostrobus or only a variation

dependent on the part of the cone from which the section was cut, or other reasons, it

seems advisable, provisionally, to give it some special designation, and I therefore

propose to call it the y form of Lepidostrobm oldhamius.

The Williamson Collection contains several slides (C.N. 571, 578, &c.) referable to

this form, as does also the collection of palseo-botanical sections recently transferred

from the Botanical to the Geological Department of the Natural History Museum.

l)r. Scott has also kindly allowed me to examine several slides in his collection (S. 75,

76, 77, 610, 615), from one of which (S. 610) the photograph, copied in PI. XXXVII.

tig. 21 , was taken.

• Phil. Trans. B. 1898, p. 99.
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Comparinj^ this form, as illustrated by fig. 21, with the forms already described, it

will be seen that the xylem cylinder x. is thin and the pith-cavity relatively large, points

in which it resembles my a form, although the number of larger xylem elements in

the radial direction is somewhat greater. The medulla can be seen in one of the

longitudinal sections (S. 77) to consist of square-ended cells arranged in vertical rows

and somewhat elongated in the vertical direction.

No trace of the inner cortex can be seen in fig. 21, but this is probably an accident

of non-preservation consequent on the crushing to which the cones had been subjected

previous to and during fossilization.

Comparison of this figure with PL XXXVI. fig. 1 will serve to bring out other

difl'erences. It will be seen that in the latter form the outer cortex is much thicker,

and hence more resistant, a fact w hich may possibly account for the flattened form

of the specimen shown in fig. 21. Another point of difference is to be seen in the

much larger number of leaf-trace bundles cut across in the transverse section of the

7 form. In C.X. 1613 d, S. 85 (PI. XXXVI. fig. 1), and C.N. 568 (PI. XXXVII.

fig. 23) the number of such bundles (including those in the outer cortex) is about

30, whereas in S. 610 (PI. XXXVII. fig. 21) the number reaches about 60.

The leaf-trace bundles are also very small, having a diameter (including the inner

cortical sheath) of but little over "1 millim. ; whereas those of C.N. 568 (PI. XXXVII.
fig. 23, my /3 form) are quite twice that size. Tliere is, however, closer agreement in

size when compared witli the a form, in which the leaf-trace bundles have a diameter

of about '15 millim.

On the whole this form agrees, in the diameter of the whole cone, the diameter of the

axis of the cone and of the leaf-trace bundles, the thickness of the xylem cylinder, the

large pith, &c., more closely with my a type, from which it differs, however, in the

thinness of the outer cortex, the large number of leaf-trace bundles, the small diameter

of the vascular cylinder, &c. As compared with my /S type the differences are still

more accentuated: the thickness of the vascular cylinder is much less, the pith is

relatively much larger, the cone itself is smaller, while the leaf-trace bundles are only

half the size but double the number.

It is interesting to find in the Lepidostrobi much the same series of graduations

between forms in which ihe vascular cylinder is very thin and those in which the

vascular axis is nearly solid, i. e. without pith, as Williamson described in the vegetative

axes of Lepidodendron. Starting from forms such as that represented on PI. XXXVI.
figs. 1 & 2, in w^hich the vascular ring is very thin indeed, w^e pass through forms like

PI. XXXVII. fig. 21, in which the number of elements in the radial direction is some-

what greater, to PI. XXXVII. fig. 23, in which the pith is much reduced in size,

finally reaching the forms described by Williamson as Lepidostrobus Traquairia, in

which the pith consists of but a few cells only*.

With regard to this latter form {Z. Traquairia, Will.), which, from association,

Prof, Williamson was led to believe is the strobilus of which the curious objects known

* See Williamson, '' Organization," Part X., Phil. Trans. 1880, pi. 21. fig. 82.
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as Traqnairiae are the macrospores, but little can be added. An impartial examination

of the slides on which he based this conclusion (C.N. 1063-1071), taken in conjunction

with the way in which we know that vegetable structures are cruslied on and in one

another, leads one to the conclusion arrived at by Count Solms-Laubach, who says,

speaking of these same slides :
•' I have seen these preparations in his collection, and T

must acknowledge that small groups of Traquairiae or single Traquairite do lie inside

many of the sporangia. But the whole specimen is so macerated that these might well

have found their way in from the outside while it was rotting in the water, especially as

other sporangia of the same cone contain small remains of tissue, which could not have

got there in any other way"*.

That the sections are those of a strobilus is certain, and as in all probability it is a

Lepidosirohus, it is an interesting coincidence, if nothing more, to find in a slide

belonging to Dr. Scott (S. 83) much the same type of axis (the vascular axis alone is

preserved) again associated with Traquairiae. In this section, however, the diameter of

the vascular axis is 2 millims., whereas in the type slides of L. Traquairia it is about

1*2 millim. ; this increased size in the former being accompanied by an increase in the

magnitude of the pith, the actual thichiess of the vascular ring being the same in both

cases. The pith-cells (in S. 83) have the appearance of being in^an actively meristematic

condition.

On PI. XXXVII. fig. 22 I have given a diagrammatic representation of part of the cone

of the Lepidosirohus oldhamius type, as seen in radial longitudinal section and magnified

about four times. It differs from the restoration of the same cone given by Williamson f
in some details, as will be seen by comparison of the two figures. The longitudinal

course of the leaf-trace bundles in the axis is shown, as well as the origin of the parichnos

space, Pa.^ from the middle cortex ; the position of the ligule, U , is indicated, and the

great upward extension of the sporophyll laminae, la.

Lepidostrobus foliaceus, sp. nov.

As already mentioned, this form was figured by Williamson ('' Organization," &c..

Part XIX. fig. 57, Phil. Trans. B. 1893), but the sections of this type at present known

are insufficient to enable me to give anything like a complete account of the strobilus.

However, there is no doubt as to its specific distinction from forms of the L. oldhamius

type.

Referring to Williamson's figure, it will be seen that the specimen is incomplete

below, while the apex is well preserved. The cone is small, very much smaller

than any of the other forms described, its diameter being only about 1 centim , while

that of L. oldhamius is between 3 and 4 centims. The length of the specimen as

preserved is about 2"5 centims. Unfortunately the section is not quite radial, and

so the axis is scarcely reached ; but the thin upwardly-directed pedicels are well shown,

each bearing on its upper surface a single radially-elongated sporangium.

* Solms-Laubach, 'Fossil Botany ' (English translation, 1891), pp. 184-185.

t " Organization," Part XIX., PhU. Trans. J5. 189^, pi. ^i. fig. 62.

6EC0ND SEEIES.—BOTANY, VOL. V. 3 L
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If this figure (Williamson's fig. 57) be compared with the one showing a radial section

of Lepidostrohus oldhamius given by Binney *, or diagrammatically represented in my
PI. XXXVII. fig. 22, it will be seen that in the latter species the pedicels leave the main

axis nearly at right angles, whereas in L.foliaceus they form an oblique angle with it.

The most characteristic feature, however, of this cone is seen in the free portions

(lamina?) of the sporophylls. The pedicel is narrow^ and it forms, at the periphery of the

cone, the usual somewhat peltate expansion. PI. XXXVIII. fig. 36 exhibits five of the

sporophylls and sporangia in nearly radial section, magnified about nine times. The

pedicel is seen at^. and the upwardly-directed lamina at la., while sp. are the sporangia,

each filled with small spores. As will be seen in Williamson's original figure, the lamina?

belonging to the upper sporophylls bend over so as to completely cover the apex of the cone.

On PI, XXXVIII. figs. 37 & 38 is shown the pedicel in transverse section. The xyleni

of the trace is sho\^'n at x., and this is surrounded by a thin-walled tissue which extends

upward in the usual manner into the cavity of the sporangium. A fairly ^AcU-defined

epidermal layer of thick-walled cells can be seen in fig. 37, while fig. 38 shows that in this

species the sporangium is supported on a distinct stalk (which is, of course, in reality a

longitudinal ridge passing along the lower surface of the sporangium) quite free from

the tissue of the pedicel itself, and having a bounding layer continuous with the wall of

the sporangium, sp.ic. A characteristic feature is the presence of two pads of scleren-

chyma, sc, consisting of elements with very thick walls, and serving as lateral supports

for the sporangium.

In none of the slides examined (C.N. 1614, S. 1, S. 2, &c.) is any distinct evidence of

a parichnos space to be made out, but the sections are not sufficiently perfect to enable

me to definitely affirm its absence.

The wall of the sporangium, sp.w., is quite of the ordinary type, and consists of a single

layer of cells.

PI. XXXVIII. fig. 39 is from a photograph of a transverse section through the free

portion of a sporophyll belonging to this type. It consists of large-celled parenchyma

quite different from that of the other forms (compare PI. XXXVII. fig. IG), which passes,

as the periphery is approached, into a smaller-celled, thicker-walled protective zone. The

striking feature is the abundance of cells with very dark contents scattered quite

indiscriminately through the central parenchyma. Of course the nature of the original

contents of these cells cannot be made out, but probably tliey indicate a secretion of

some kind, and these cells may perhaps be described as " secretory sacs." The vascular

bundle is shown, the xylem, x., being apparently completely surrounded by thin-walled

tissue, probably indicating that the bundle was concentric. The section shows some

of the characteristic short tracheides (" barred cells") apparently quite free from tlie

xylem of the bundle.

The following may be taken as a provisional diagnosis of the new species :

—

* ^Lepidostrohus and some allied Cones,' Palseontographical Society, 1871, pi. 7. fij?. 3. Figured as the cone of

Lepidadendron Harcourtii, L. & H.
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Lepidostrobus FOLiACErs, sp. nov.

Lepidostrobus, sp., Will., ^ Oro;anization of the Fossil Plants of the Coal Measures/' Part XIX., Tliil.

Trans. 1893, p. 27, fig. 57.

Cone small, about 1 centim. in diameter.

Sporopliylls (pedicels) leaving the axis at an oblique angle ; directed upward.

Pedicel (as seen in transverse section) with two " pads " of sclerenchyma serving as

lateral supports for the sporangium.

Pedicel with a longitudinal ridge on its upper surface, appearing, in transverse sections

of the pedicel, as a distinct stalk to the sporangium.

Laniinie of sporophylls composed of a large-celled parenchyma, many of the cells

showing dark contents (" secretory sacs ").

The researches above detailed have been carried on at the Natural History Museum
while holding the Marsliall Scholarship at the Royal College of Science, London. I am
greatly indebted to Dr. D. H. Scott, M.A., F.R.S., for much valuable help and criticism,

and to Dr. H. Woodward, LL.D., F.R.S., and Mr. R. B. Newton, F.G.S., for facilities

to study and photograph the specimens in their charge at the Museum.

EXPLANATION OF THE PLATES.

Plate XXXVI.

Lepidostrobus oldhatnius {a).

Fig. 1. Part of transvci-se section of whole cone, m., pith-cavity; x.. xylem of axis; i.s., inner s})aec

with leaf-trace bundles ; i.e., inner cortex with leaf-trace bundles passing through it

;

m.c, middle cortical space; l.t., leaf-trace bundles; o.c, outer cortex; Pa., pariclinos;

sph., sections of sporophylls ; sm., sporangia and spores. S. 85. X 6"5

Fig. 2. Transverse section showing vascular cylinder, inner cortex, and emerging leaf-trace hunrlU-s.

X., elements of the xylem
; p., parenchymatous elements surrounding the xylem cylinder, witli

short trachcides (" harred cells ") at s.t. ; l.t., leaf-trace bundles in inner space ; i.e., inner

cortex with leaf-trace bundles passing through it; m.c, middle cortical space; /..?., inner

space. C.N. 1613 d. x about 150.

Fig. 3. Longitudinal section of the central cylinder. (The section is not radial, and so does not

penetrate the pith-cavity.) a^., xylem
; p., investing parenchyma with short tracheides

at the periphery of the xylem cylinder. C.N. 1613. x about 160.

Fig. 4. Two of the short tracheides from C.N. 1613. x 210.

Fig. 5. Longitudinal section passing tangentially through the smaller peripheral elements of the xylem.

(From a photograph.) a., vascular axis surrounded by parenchyma p. : /./'., k'af-rr;tcr

enclosed in the parenchymatous investment of the vascular cylinder; / /"., leaf-trace in inner

space; l.t'"., leaf-trace in outer space (middle cortical space); i.e., inner cortex. C.lS. 1613.

X 54.

Fig. 6. Tangential section through outer cortex, showing emerging sporophyll bundles. (From a

photograph.) Pa., parichnos. C.N. 572. X about 20.

Fig. 7. Part of radial section showing the proximal end of a sporophyll and its vascular bundle. (From

a photograph.) o.c, outer cortex of axis; sh. and sh'., sheath of cells continuous with those
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of the inner cortex; x., xylem of the leaf-trace; p., tissue between xylem and phloem;

jo'., elongated cells of phloem; Fa., parichnos ; i.r., intruded Stigmarian (?) rootlets.

C.N. 1613. X 50.

Fig. 8. Longitudinal section of cells of outer cortex. C.N. 1613. X about 180.

Fiff. 9. Transverse section of cells of outer cortex. S. 85.

Fig. 10. Radial section of periphery of cone and proximal end of a sporophyll to show the origin of the

parichnos space from the middle cortex. i.e., inner cortex; m.c, middle cortical space;

O.C., outer cortex ; l.t., leaf-trace (accidentally broken across) ; l.V ., leaf-trace just leaving

inner cortex ; Pa., parichnos space. C.N. 1613. X 23.

Fig. 11. Longitudinal section of leaf-trace (sporophyll) bundle in the middle cortical space, i.c.sk.,

i.c.sh\, sheath continuous Tvith inner cortex; a?., xylem ;/>., elongated cells between xylem

and phloem; /., phloem. C.N. 1613. x 180.

Fig. 12. Transverse section of leaf-trace (sporophyll) bundle in the middle cortical space, i.c.sh., sheath

continuous with inner cortex ; x., xylem
; p., remains of cells between xylem and phloem ;

p',, phloem space. C.N. 1613^. X 150.

Plate XXXVII.

Lepidostrobus oldhamius (a) continued.

Pig. 13. Enlarged drawing of the leaf-trace bundle from fig. 7. sh. and sh'., sheath of cells con-

tinuous with those of the inner cortex: x., xylem
; p., tissue between xylem and phloem;

p'., phloem ; Pa., parichnos space ; c, cortex. C.N. 1613. x about 160.

Fig. 14, Eadial section through a leaf-trace bundle in the outer cortex just as it is bending out to pass

into the sporophyll. x., xylem
; p., cells between xylem and phloem

;
p'., phloem. C.N. 1613.

X about 160.

Fig. 15. Tangential section through the outer cortex, with an emerging leaf-trace bundle, sh. and sh.,

sheath of cells surrounding the bundle and continuous with the inner cortex ; x., xylem
;

p., tissue between xylem and phloem
; p ., phloem ; Pa., parichnos space ; o.c, outer cortex.

C.N. 572. X about 150.

Fig. 10. Transverse section of one of the larger ascending sporophyll-laminse from the periphery of the

cone. /.^., the trace. C.N. 1613 c?. x about 30.

Fig. 17. Enlarged drawing of the thin edge of a leaf similar to fig. 16, showing a distinct epidermis, e.

S. 85.

Fig. 18. The vascular bundle from fig. 16. x., xylem; y., phloem; s./., short tracheides. C.N. 1613 </.

X 120.

Fig. 19. Two smaller leaves from the same slide as fig. 11. C.N. 1613 d. x about 30.

Fig. 20. The vascular bundle from /./., fig. 19. x., xylem; s.t., short tracheides- C.N, 1613 </.

X about 160.

Lepidostrobus oldhamius (y).

Fig. 21. Transverse section of the axis of the cone, x., xylem cylinder; /./., leaf-trace bundles;

Pa., pariclinos space; p., pedicel; sp., remains of sporangia. S. 610. x 15.

Fig. 22. Diagram illustrating the general morphology of the cone of Lepidostrobus oldhamius. a., axis

of strobilus; b., sporophylls and sporangia; x., xylem and medulla; i.e., inner cortex;

m.c, middle cortex; o.c, outer cortex; p., pedicel of sporophyll; la., lamina of sporophyll;

li., ligule; l.t., bundle; Pa., parichncs; sp.w., wall of sporangium. X 4.
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Lepidostrohus oldhamius (yS).

Fig. 23. Photograph of transverse section from Williamson's type slide, C.N. 568. m., pith ; x., xylem

cylinder; i.e., inner cortex; l.t'., leaf-trace bundles just free from the cylinder; U., leaf-

traces in the middle cortical space with xylem at a^. and phloem space at p'. X about .50.

Plate XXXVIII.

Lepidostrohus oldhamius (yS) continued.

Fig. 24. Elements of the xylem. C.N. 1776a.

Fig. 25. Smaller xylem elements. C.N. 1776 a.

Fig. 26. Longitudinal section showing the prosenchymatous cells of the outer cortex. C.N. 1776 a.

Fig. 27. A single cell of the outer cortex, showing striation of the cell-wall. C.N. 1776 a.

Fig. 28. Longitudinal section passing through the outer cortex and proximal end of a sporophyll.

o.c, outer cortex ; l.t., leaf-trace bundles ; x., proximal point of attachment of sporangium to

pedicel; sjo.k;., wall of sporangium. C.N. 1776 a. x about 11.

Fig. 29. Longitudinal section of leaf-trace bundle traversing the middle cortex, x., xylem ; i.c.sh.,

inner cortical sheath. C.N. 1776 a.

Fig. 30. Part of tangential section of the cone, showing the sporophylls, each supporting a sporangium

on its upper surface. C.N. 1776 a. x 10.

Fig. 31. Transverse section of the pedicel of a sporophyll cut near the axis of the cone, with the

adjacent sporangia, sp. x., xylem of leaf-trace
; p., phloem space ; i.c.sh., inner cortical

sheath; c, cortex; Pa., paricbnos space. C.N. 574. x about 35.

Fig. 32, Transverse section of the pedicel cut further from the axis of the cone and showing attachment

to its sporangium, x., xylem ; p., phloem space; i.c.sh., inner cortical sheath; c, cortex;

Pa., paricbnos space ; 6., parenchymatous tissue passing into the sporangium; sp.w., wall of

sporangium. C.N. 1776 a. x about 90.

Fig. 33. Longitudinal section of the pedicel, x., xylem
; p., phloem ; i.c.sh., inner cortical sheath

;

Pa., paricbnos space ; c, sclerenchymatous cortex ; b., parenchymatous tissue in the sporangium.

C.N. 1776 A. X 140.

Fig. 34. Longitudinal section at the periphery of the cone, showing the free portion of the sporophylls.

/,, the ligule ; sp., sporangia and spores. C.N. 1776 a.

Fig. 35. Some short tracheides from the expanded portion of the sporophyll. C.N. 1776 c. x about 160.

Lepidostrohus foliaceus, sp. nov.

Fig. 36. Nearly radial section of five of the sporophylls and sporangia, p., pedicel of sporophyll

;

la. J lamina of sporophyll ; sp., sporangium and spores. C.N. 1614. x 9.

Fig. 37. Transverse section of pedicel supporting a sporangium, x., xylem of leaf-trace; sc, pads of

sclerenchyma ; sp.w., wall of sporangium. C.N. 1922 f. x 50.

Fig. 38. Part of transverse section of pedicel, x., xylem of bundle (displaced) ; sc, sclerenchyma
;

sp.w., wall of sporangium. S. 2. X 40.

Fig. 39. Transverse section of free portion of sporophyll. x., xylem of bundle ; m.c, one of the cells

with dense contents, S. 1. x 50.
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XII. A Systematic Sevision of the Genus Najas. By Alfred Barton Bendle, M.A.,

D.Sc, r.L.S., Assistant in Botany, British Museum.

(Plates XXXIX.-XLII.) ^^

Eead 15th June, 1899.

I. General Introduction.

1. Historical.

Db. MAGNUS, to whom we owe an admirable account of the morphology and

anatomy of the genus as well as valuable suggestions for its systematic division,

gives also, in his * Beitrage zur Kenntniss der Gattung l^ajas ' (1870), an excellent

historical introduction, tracing its history onward from Vaillant's description and figure

under the name Fluvialis (in Mem. Math. Phys. Acad. Boy. Sci. 1719, p. 13, t. 1, fig. 2).

Before this, however, Johann Bauhin (Hist. iii. 779 [1651]) had figured both K marina

and N. minor under the name Fluvialis Fisana, foliis denticulatis, and Plukenet in his

' Almagestum ' (304, t. 216, fig. 4), in 1696, described and figured N. marina as a species of

Fotamogetmi {Fotamogeiton fluviale Sargazo simile, liicens^ foliis margine dentatis).

Plukenet's plant is preserved in the Sloane herbarium, in the Department of Botany

British Museum. Bay (Hist. iii. 121 [1704]) cites Plukenet's species, and also under

Fluvialis a second, the Flagellum Christi of Cupani (Hort. Catb. 241 [1696]). On p. 132

he describes the latter, which he received from William Sherard, as the plant of the

Hort. Cath. Mr. Druce finds the same in Sherard's herbarium at Oxford ; it is a slender

form of N. marina.

Vaillant describes the female flower as a one-ovuled ovary, the male as monopetalous

and containing several stamens. He distinguishes two species which he observed near

Paris, Fluvialis vulgaris, latifolia, and Fluvialis angiisto longoque folio. The former,

which he figures, is our JV. marina, as is presumably also the latter. A third species is

Bay's Fluvialis, and is therefore again N^ marina. Micheli (Nov. PL Gen. 11 [1729])

also has three species, male and female plants of K. maHna being described respectively

as 4-seeded and 1-seeded species ; the third is N. minor. He gives good figures of the

habit, and is the first to separate the two species which Bauhin had confused.

Linnaeus founded the genus Najas in his ' Genera Plantarum ' (no. 701) in 1737 ; and

in his * Species Plantarum ' (1015), in 1753, made one species N. marina with two

varieties (/3 and y). His varieties are simply Bay's two citations of the same plant,

Flagellum CluHsti, and do not refer, as has been supposed, to JV. minor. The specimens

SECOND SERIES.—BOTANY, VOL. V. 3 N
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in Linna3us's herbarium (written up by himself Najas marina) are all i^. marina var.

anyustifolia. In the ' Genera Plantarum ' Najas forms with Zannicliellia and Oyno-

morhim the order Monandria of Class XXI., Monoecia; in the ' Species Plantarum' it

comprises the order Monandria of Class XXII. , Dioecia.

In 1785 Allioni (Flora Pedem. ii. 221), ignoring Linnseus's species, united Micheli's

first and second under the name N. major, and distinguished the third as N. minor.

Schkuhr (Bot. Handb. iii. 252, t. 296 [1808]) w^as the first to recognize the difference

between male flowers of the two species.

In 1801 Willdenow (in Mem. Acad. Roy. Sc. Per. 1798, pt. i. 87) founded the genus

Canlinia, in w^hich he included C. flexilis, C^ fragilis (=K minor), and C. indica.

R. Brown, how oyer (Prodromus, 345 [1810]), reunited Caulinia and Najas, at the same

time describing a new species, N. tenmfolia. Later Ascherson (Flora Prov. Brandenburg,

i. 669 [1864]) divided the genus into two sections : Eunajas, containing N marina, and

Caulinia, with N minor and N. flexilis,

A. Braun in the same year (in Journ. Bot. 1861, 271), in his * Revision of the Genus,'

retains Ascherson 's sections. Braun's is the first attempt to deal wdth the whole material

under the genus, and is an invaluable contribution to a systematic arrangement of the

species, of which he distinguishes eight, with numerous varieties. For specific characters

he relies primarily on the form of the leaf-sheath, secondarily on that of the leaf-teeth.

Magnus in 1870 followed wdth the ' Beitrage z. Kenntniss d. Gattung Najas, ^ to which

we have already referred, by far the most important publication on the subject that

had hitherto appeared. Of special value w^as his investigation of the flower and fruit,

in the structure of which he indicated the important differences on which are based the

specific characters adopted in the following arrangement.

The most important work since 1870 has been that of Magnus himself, who elaborated

the genus for Engler & Prantl's ' Pflanzenfamilien
'

; of K. Schumann, who has mono-

graphed the Brazilian species in the ' Flora Brasiliensis
'

; of Morong, whose researches on

the Xortli-American species appeared in the publications of the Torrey Botanical Club ; and

of C. Bailey, who gave a valuable account of N. graminea in the Journal of Botany (1884).

2. Mo7'phological.

The j)lants are small herbs growing completely submerged in fresh or brackish water,

attached to the soil by fibrous roots springing from the base of the stem or the lower

nodes of the branches.

The main stem branches shortly above tlie base. The branches may be long and

spreading, giving a diffuse habit, or ascending from a decumbent base with a grass-like

grow^th, or may iorm a much-branched system in which the lateral axes, growing with

equal vigour to that of the main axis, entail a regular dichotomous, often bushy habit.

Frequently the elongated shoots end in a bushy dichotomous growth.

The length of the internodes varies widely, according to the general habit. The inter-

uodes are usually unarm^ed, but in N. marina and some of its varieties bear short

subconical cr triangular teeth ending in a sharp browm spine-cell.
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The leaves are apparently opposite ; each pair consists, however, of a lower and an upper

leaf on opposite sides of the stem. The edges of the sheatli of the lower leaf overlap the

sheath of the upper, which is amplexicaul. Examination of the gTowing-point shows that

the upper leaf appears later than the lower, and at an appreciahly liigher level. Each pair

forms a sharp angle with the one immediately above or below. Branching occurs only in

the axil of the lower leaf, from the second pair following the cotyledon onward. In

vegetative shoots, as Magnus has shown, the lowest leaf on the branch is reduced to a

small scale bearing a vegetative bud in its axil, whereas in fertile shoots a tlower

occupies the place of this scale-leaf wdth its bud. The lowest developed leaf of the

branch (i.e. the upper of the lowest pair), in w^hich no bud arises, forms with the

adjacent pair of leaves on the main axis an apparent whorl of three.

The leaves are sessile, the leaf-base forming a well-developed sheath, sharply dis-

tinguished from the blade. The sheath may appear truncate, in its natural am-

plexicaul position, from its widely-rounded shoulders, the sloping edges of which overlap
;

it may have more or less sloping shoulders ; or it may be drawn out into longer or

shorter auricles. The up]3er margins and auricles are generally more or less broken with

small teeth or longer spine-bearing processes, the outgrowth in every case ending in a

characteristic sharp yellowish-brown spine. The form of the sheath is generally constant

for individual species and often for larger groiips, and affords useful specific characters.

Sometimes, however, as in N^ajas indica, the form varies widely even on the same

plant (see PI. XXXIX. figs. 34-37).

Within the sheath is a pair of minute hyaline cellular scales, which are generally

subulate or filiform, or flat tapering from the base. Their shape is very variable, even on

the same plant. They occur in connection with the cotyledon.

The leaf-blade may spread at a broad angle from the sheath or be more or less con-

tinuous with, and ascending from, it. It is generally narrow-linear, tapering above to

the apex, and sometimes becomes setaceous ; rarely is it broader and linear-lanceolate.

The margin varies considerably. In the broader-leaved forms of iV^ marina it is sinuate-

dentate, the teeth often exceeding in length the leaf-width, and ending in a strong

yellow-brown spine with a base of several strengthening cells. There is every gradation

between this and the structure in N. graminea^ where simple marginal cells protrude in

the form of ascending yellow-brown translucent spines visible only under a lens, the

leaf appearing entire to the naked eye. In N. marina and several of its varieties, teeth

similar to those on the internodes are found on the midrib on the back of the leaf.

Similar dorsal spines occur in W. lacerata. As A. Braun indicated, the size and structure

of the marginal teeth afford useful specific characters.

The internal structm'e of stem and leaf is extremely simple. It is most developed in

iV. marina, where a well-defined small-celled epidermis surrounds, in the stem, a many-

layered parenchymatous cortex, the middle layers of which are separated by intercellular

spaces. A narrow axial stele is bounded by a phloeoterma which shows well-defined

endodermoid markings on the radial w^alls. The stele consists of much narrower, closely-

packed parenchyma and a central cavity, which just below the growing-point is occupied

with thin elongated cells and may be considered to represent tracheal elements. In the

3n2
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leaf a similar epidermis surrounds a very large-celled mesophyll consisting only of a

single layer at the edges, becoming two-layered as we advance inward, and separated

towards the middle line on each side by a large intercellular space. A slender central axis

similar to, but smaller than, that of the stem runs up the middle line, and is surrounded

by one or two layers of mesophyll-cells.

The remaining species, forming the subgenus Caulinia, are even simpler in structure.

An epidermis closely resembling the underlying cortical layer surrounds a cortex con-

sisting generally of one or two outer layers, which is connected with an inner layer

surrounding the stele by slender bands separating large intercellular spaces (see PI. XLI.

fig. 137, and PI. XLII. fig. 149) ; the connecting-bands are, for the most part, only one cell

thick. In Najas horrida (PL XLII. fig. 187) we find a more substantial cortex approaching

that typical of N. marina. The leaves, which show some variation in structure, consist

generally of two layers separated at a greater or less distance from the midrib by a larger

or smaller intercellular space. The midrib comprises a narrow small-celled axis, like that

of the stem, and surrounded by two layers of cells. Single cells, or groups of a few, in

various positions may become thickened and fibrous supporting-cells ; such developments

may be constant for a given species, or, on the other hand, variations may occur within

its limits.

The longitudinal intercellular spaces in the leaf are interrupted by transverse septa,

to the strong development of which are due the horizontal lines running from the midrib

towards the margin, which are characteristic of some species and occur on older leaves

in others.

The flower, as Magnus as shown, originates in the following way :—A protuberance

arises at the growing-point in the axil of the lower leaf of each pair before the appearance

of the upper leaf. This protuberance becomes divided by a vertical furrow into a slightly

larger (and lower) and a slightly smaller rudiment. The former develops into a flower,

the latter into the axillary branch, at the base of which the flower is apparently borne in

the mature condition. Sporogenous tissue develops in the apex of the rudiment, which
becomes in the female the nucellus of an ovule, in the male the anther. In the female

an annular wall grows up round the developing ovule ; its margin becomes 2-3-lobed,

according to the ultimate number of the stigmas, and, when fully developed, forms a
closed chamber containing the ovule. The time and mode of origin of the outer envelope
in N. indica and its allies have not been observed.

The integuments of the ovule arise, first the inner, then the outer, after the ovary-wall

has become partly developed.

In the male a perfectly symmetrical ring arises round the base of the anther, and
subsequently a second appears inside the outer and remains always closely adherent to

the anther-wall, which, like itself, consists of a few (2) cell-layers. As Magnus states,

and as Campbell has recently indicated in his account of the morphology of N. flexilis

(' A Morphological Study of Najas and Zannichellia; 1897), there is no sign of a midrib
or of the division of these sac-like outgrowths into leaves. I have also examined many
specimens, but have not seen any such indication.

This floral development is of great interest. Pirst, the flower is produced by the
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dichotomy of an axillary branch. Second, the archesporium is produced in the tip of

the floral axis. Third, the homology of the envelopes is difficult to explain on the

ordinary terms of definition of the parts of a flower.

In course of development the cup-like wall surrounding the ovule and the outer

envelope of the anther are homologous, while the inner envelope, which remains closely

adherent to the anther, corresponds with the integuments of the ovule.

Magnus proposes a very ingenious explanation. He regards the carpel-like structure

in the female flower as the homologue of the cup-like envelope round the group of

carpels in the allied genus Zannichellia. This arises similarly as an annular outgrowth

of the floral axis, hut surrounds more than one rudiment, each of which ultimately

develops into an ovule surrounded by a stigma-bearing ovary-wall. Magnus suggests

that the arrangement in Najas may have arisen from such a type by the suppression of

all the ovules but one, and all the ovaries, leaving a naked ovule surrounded by a cup-

shaped envelope (or j)erianth), which then developed stigmatic appendages. Najas, on

this view, becomes a gymnosperm, the female flowers of which are provided with one,

more rarely two, sac-like perianth-envelopes, corresponding with the two in the male.

K. Schumann (Mart. !F1. Bras. iii. pt. 3, p. 720) opposes this vicAV, insisting on the

homology of the stigma-bearing envelope (or ovary) in the female and the two-lipped

inner envelope in the male. He regards the female flowers as always consisting of a

naked ovary, and the male as enveloped with a single envelope which may be regarded as

perigone or involucre at pleasure. He denies the existence of the similar envelope which

Magnus had described in the female flower of N. indica and others. He was, however,

occupied almost exclusively with South-American species, in which it does not occur.

Investigation shows this outer envelope to be more generally present.

Campbell, in the memoir already referred to, draws attention to the primitive

character of the flowers, and shows also that in Zannichellia we are dealing with a

group of monocarpellary Howers, l. e. an inflorescence, not a single pluricarpellary

flower.

It seems to me that the key to the whole arrangement lies in this primitive

simplicity of the flower. We have in both male and female an axial structure con-

taining sporogenous tissue which develojis respectively into structures obviously com-

parable with normal anther and nucellus, the latter becoming surrounded by integuments

forming a normal ovule. The ovule is surrounded by a cup-like outgrowth, w^hich

recalls the development of the ovary in Folygomim or Bumex (see Payer, ' Traite d'Orga-

nogenie,' pis. 64, 65), and which has the appearance and structure of an ovarv. The

inner envelope in the male flower I have regarded as a perianth. It is a lateral out-

growth of the floral axis l)elow the androecium, which it protects, and has therefore the

characteristics of a perianth which has arisen rather late in the history of the flower-

development. The outer sac which characterizes the male, and is occasionally present

in the female, I have called a spathe, remembering, however, that it is simply an out-

growth of the axis which ends in the flower below that flower. It is, I think, comparable

with the spathe so characteristic of submerged monocotyledonous water-plants, which

may have, moreover, a very similar appearance (e. g. Layaroslphon, Hydrilla, &c.). It
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will then correspond, as Magnus suggested, with the cup-like envelope in ZannicJiellia^

which on Campbell's interpretation becomes a spathe surrounding an inflorescence, as in

the Aroids. Najas graminea is exceptional in the absence of the spathe surrounding the

male flower.

N. marina is dioecious ; the other species in which both male and female flowers are

known are monoecious. The few^ specimens of N. lacerata which I have seen bear only

male flowers ; the female and fruit are unknown.

AVhen mature the flow-ers generally stand singly in the fertile sheath-axil, more rarely

several together, a fertile shoot Avith suppressed internodes standing in the sheath-axil

(PI. XL. fig. 71). They are generally 2 to 3 mm. long. The male, as already indicated,

consists of a sessile or subsessile anther closely surrounded by a thin membranous sac-like

perianth, which ends above the anther in two thickened lips. The anther is more or

less ellipsoidal or oblong in shape, has a delicate wall of two cell-layers, and is generally

4-, more rarely 1-locular. The cells arc crowded with pollen-grains, oval or roundish in

shape, both sometimes occurring in one anther, as in A. graminea (PL XLII. fig. 197) ; the

grain has a single delicate uncuticularized wall, more or less filled with dark cell-contents,

consisting largely of starch-granules. Campbell states that in N. flexilis the microspore

divides into a larger vegetative and a smaller generative cell, w^hich are separated by

a membrane. The generative cell subsequently divides again.

In iV. graminea, where the spathe is absent, the perianth forms tw^o large ear-shaped

lips above the anther (PL XLII. fig. 197).

The thin membranous spathe conforms below^ to the outline of the flower, but is

prolonged above it into a cylindrical neck, which ends in a few of the characteristic

spine-cells. A very short peduncle may be developed below the spathe; in N. podostemon

it is almost as long as the flower. Before dehiscence of the anther the stalk elongates,

pushing the anther, still closely enveloped by the perianth, through the spathe, which
becomes split, sometimes laterally, sometimes from the apex dow^nward. The lips of

the perianth separate and the anther dehisces apically. (See Pis. XXXIX.-XLI.
figs. 41, 51, m, 94, 112, 120, 112.)

The female flow^ers are naked, consisting of a more or less ellipsoidal ovary produced

into a narrow style, w^hich divides into 2, more rarely 3, equal or unequal, linear-tapering

branches provided with stigmatic papillse. The single, erect, anatropous ovule almost

fills the chamber, from the roof of w^hicli, just below the style, spring numerous
elongated, papilla-like cells, which doubtless serve to conduct or nourish the pollen-tube ;

similar cells are also found at the base of the ovary just in front of the micropylc.

In a few tropical Old-World species the female flower is enveloped in a spathe closely

resembling that of the male (PL XL. fig. 67).

As the flowers are always completely submerged, pollination must be effected by
passive falling, by currents of water, or the transport of the pollen by aquatic animals.

There is no evidence of the last-named. Magnus has observed the grains in N. marina
to germinate before leaving the anther, the wall growing out into a long pollen-tube.

Jonsson (in Lunds XJnivers. Ars-skrift, xx.) says that as the male flowers in

monoecious forms stand higher on the shoot than the female wliich are mature at the
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same time, the pollen-grains, when set free, fall, owing to tlieir greater specific gravity

from their richness in starch, on to the stigmas heneath. Magnus (in Engl. & Prantl,

POanzenfam. ii. pt. 1, 216) thinks this unlikely, as the male flowers stand erect in the leaf-

axil and the anther breaks through the apex of the spathe and dehisces at the top, so

that the pollen would not fall directly upon a female flower heneath. But as he himself

has figured for Nojas tenuifolia, and as occurs in other species, the spathe may be split

laterally and the anther, as I have seen in dried specimens, becomes pushed out beyond

the sheath by the curved pedicel (see for instance PL XLI. fig. 120, N. Kurziana, and

fig. 142, N.foveolata).

The fruit is narrowly ellipsoidal or oblong, enveloped, where this occurs, in the

persistent spathe, and bearing the remains of style and stigmas. In fresh specimens of

N. marina and N.jjraminea the pericarp-cells were turgid, forming a succulent coat ; in

the dried specimens the wall becomes very thin and membranous, generally clinging so

closely to the seed as to take the impressions of the pitting on the testa. The seed has a

eonspicuous raphe which makes it slightly asymmetrical. The seed-coat is hard and

brittle when dry, consisting in 1^. marina of many layers of cells witli hard, thickened,

pitted Avails, surrounded on the outside by a row of very large cells with thin walls

and clear contents, the side-walls having a delicate reticulate thickening. The raphe is

distinguished by a group of thin-walled cells and several layers of large hyaline cells on

the exterior. Ultimately the large, thin-walled, outer cells perish, and the testa consists

of a stone-parenchyma, the surface of which is rugulose with irregular polygonal pittings.

The thickness of the testa varies considerably in the different forms and varieties of the

species. There may be as few as 4 layers of stone-cells or as many as 8 to 10. The

innermost layers become much compressed tangentially by the growing embryo.

In the remaining species which form the subgenus Caulinia the testa consists, as

Magnus as shown, of three layers, and shows three types, depending on the mode of

development of the outermost layer. The cells of the innermost layer are thickened

and become much flattened tangentially. Those of the middle layer are more nearly

isodiametric and have very thick, hard, much pitted walls. In N. flexiUs and N. tenuissima

those of the outer layer become similarly thick-walled and pitted, and the seed has a

smooth polished surface. In a second type, which is also the commonest {N. minor,

N. graminea, N. foveolata and allies), the outer layer consists of large, clear, thin-walled

cells with a delicate spiral thickening on the side-walls. The cells vary in shape in

different species, giving the characteristic areolation to the testa. Thus in N. minor

they are transversely elongated, giving a ladder-like apj)earance, in iV. graminea isodia-

metrical. In a third tyj)e the outer and side-walls of the outermost layer are not

thickened, but collapse, while the inner wall becomes thickened, and with its concave

surface forms the shallow pits, rows of which give a characteristic marking to the seed-

coat. Magnus j)oints out that in N. microdon both the second and third form may occur

on the same seed.

The large straight embryo completely fills the testa. It consists of a large hypocotyl

and radicle, a well-developed lateral plumule, and a blunt terminal cotyledon. It was

correctly described by Richard in 1811 (in Ann. Mus. Hist. Nat. xvii. 233).
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Campbell shows that in Najas flexilis the oospore divides into an upper cell, whi3h

becomes much enlarged to form the primary suspensor-cell, and a lower or embryo-cell,

which divides transversely into three cells. From the terminal segment is developed

the cotvledori ; from the outer half of the middle segment the growing-point of the stem

appears as a lateral outgrowth ; while the bulk of the root is formed from the same

segment, only the initial plerome and terminal epidermis being formed from the lowest

of the primary embryonic segments. No root-cap was present. The roots in the adult

plants of N.flexilis, as of other species, have a root-cap (see fig. 196).

Affinity.—As already indicated, Najas forms a very distinct and apparently primitive

type of Monocotyledon. Its nearest ally is Zannichellia, which resembles it in the

axillary staminal structure and the female inflorescence ; the latter is quite comparable,

but contains within the spathc several flowers, instead of, as in Najas, a single flower only,

3. Geographical Distribution.

The genus is almost world-wide, occurring in all zones except the frigid. It is still

unrecorded for certain areas in which it might be expected to occur, such as Tasmania

and New Zealand ; Ijut the fact that it has not hitherto been found is scanty proof of its

non-existence in any likely locality. The plants are often very small, and, growing

completely submerged in water, are likely to be unnoticed, unless a collector is especially

looking for them. Moreover the vicinity of w^ater in warm climates often means fever,

so that the general collector having no special keenness for Najas wdll naturally shun

any likely locality.

Najas consists of a few widely-distributed, and a number of apparently more or less

local species. N. marina (the only member of the subgenus Etmajas), a highly variable

species with numerous varieties and forms, occurs over almost the whole area occupied by

the genus, but finds its chief development in the north temperate region of the Old

World. The type ranges from England, in the south of which it evidently was formerly

more widely spread than at present (probably owing to the disappearance of suitable

localities), through the central and, in a less degree, the southern portion of the continent

of Europe ; fossil fruits have been found in southern Scandinavia. In Asia it occurs in

the Himalayan region (Cashmere) and in China and Japan. It will probably be found

in Central Asia. It is also known from the north-eastern United States, the West Indies,

and north-west Australia.

One variety only is very widely spread, namely var. angustifolia, w^hich is plentiful in

brackish water round the Baltic, and is also known from Assyria, Bourbon, Australia,

and the Sandwich Islands. Of the rest, var. ijitermedia occurs in similar localities in the

Baltic area and also in North Germany, Switzerland, South Eussia, the Caspian Sea, and

Afghanistan. Var. Ehrenbergii occurs in the South-Mediterranean area ; var. mtiricata

in Egypt and Ceylon ; var. americana in the eastern and southern United States ; and

there is one in each of the following :—Germany, China, Canary Is., Florida, California,

Mexico, Venezuela, and Brazil. The subgenus Caulinia has no such widely-distributed

species. N. minor ranges from the south of Europe through Syria and Persia to Further

India, and I have seen one small specimen from Manchuria. It has a variety (fenuissima)
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in Scandinavia. Najas graminea is an Old-World tropical species. N. Jlexilis is temperate

Nortli American and nortli-west European. N. microdon is its representative in the

warmer parts of America. The remaining species have all restricted areas and fall for

the most part into small geographical groups, namely an Asiatic, Australian, Mascarene,

African, and West Indian and tropical South American. The annexed table gives a

general view of the distribution :

—

Species.
North Temp.

Europe.
1

Asia.

Mediter- Tropical Aus- Mas-
ranean.

|
Asia. traha. carene.

1

Tropical „ . - .

Africa. S. Africa.
N. Ame-

rica.

W. Indies,

Central

&s.
America.

Pacific

Islands.

1. Najas marina 1

1

1

'l

1

.

.

1

1

1

I'll 1 1

'.'.

1

t

1

1

1

1

1

1 '.!

1

1

1

1

1

] 1

2. N. indica 1 1

3. JSI. Schweinfurthii ..

4. N. Welwitschii ....

5. N. madagascariensis.

.

6. N. aucistrocarpa ....

7. N. ticxilis

']

]

l'

*

•

L*

1

8. N. podostemon ....

9. N. microdon

•10, N. punctata. . .

11. N. microcarpa.

12. N. Wrightiana

13. N. conferta . .

.

14. N. arguta . .

.

16. N. minor 1

1

1

1
;

1

1

1

1

1

1

1

1

16. N. Kurziana .

17. N. tenuissima .

18. N. gracillima .

19. N. Kingii . . .

20. N. lacerata . . .

21. N. foveolata .

22. N. falciculata .

23. '^. brcvistyla .

24. §. tenuifolia .

25. N. Browniana .

2Q. N. Leichhardtii

27. N. australis .

28. ^. setacea . . .

1
:

1

29. N. horrida . . .

30. N. interrupta .

31. N- graminea .

4 1 4
1

3 10 5 4 5 1 4 8 1

I have no doubt that there are many species still to be found, and that exploration of

fresh or brackish waters, especially in tropical Africa, Malaya, and South America, will

yield interesting novelties and elucidate species which are at present insufficiently known.

The hope of inducing botanists and collectors in various parts of the world to look out

for this interesting little genus must be my apology for publishing what I am convinced

is but a very incomplete monograph. Hitherto I have profited not only by the

collections at the British Museum and Kew, but also by those at the Calcutta Herbarium

kindly lent by Dr. Prain, and at Berlin, including Alexander Braun's types, for facilities

in the study of which I have to thank Prof. Engler. Mr. Charles Bailey, Prof. W.

il. Dudley of California, Dr. P. Zalewskiof Warsaw, and others have also courteously sent

me specimens.
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II. Systematic Account.

Genus NAJAS.

Najas, Linn. Gen. PI. no. 701 (1737), ej. Hort. Cliff. 437 (1737), et Sp. PI. 1015 (1753) ;
Allioni, Fl.

" Pedem. ii. 221 (1785) ; Jussien, Gen. PI. 19 (1789); Willd. in Mem. Acad. P.oy. Sci. Berl. 1798,

85 ; Lam. Encycl. Method, t. 799 (1798 ?) : Pers. Syn. ii. 551 (1807) ; Sclikulir, Bot. Handb.iii. 251

(1808) ; Cham, in Linnsea, iv. (1829) 498; Endlicher, Gen. PI. no, 1656 (1837) ;
Kunth,Enum. iii.

Ill (1841) ; A. Braun in Journ. Bot. ii. (1864) 274, et in Sitzungsb. Ges. Naturf. Fr. Berlin, 1868,

17; Le Maout & Decaisne, Traite Gen. Bot. 649 (1868); Magnus, Beitriige Kenntn. Gatt.

Najas (1870), et in Engl. & Prantl, Pflanzenfam. ii. 1. 214 (1889), et in Ber. Deutsch. Bot. Gesell.

xii. (1894) 214; Benth. & Hook. f. Gen. PL iii. 1018 (1883) ; Morong in Mem. Torr. Bot. Club,

iii. no. 2 (1893), 57; K. Sclmm. in Mart. Fl. Bras. iii. pt. 3, 717 (1894).

Caroliana, Eafin. Journ. Phys. Chem. &c. Ixxxix. (1819) 259.

Canlinia, ViiM. in Mem. Acad. Roy. Sci. Berl. 1798,87; Endlicher, Gen. PI. no. ]655 (1837) ; T.Nees,

Gen. PI. Fl. Germ. iii. (1845) ; Le Maout & Decaisne, Traite Gen. 649 (1868).

Fluvialis, J. Bauhiu, Hist. PI. iii. 779 (1651) ; Vaillant in Mem. Acad. Roy. Sci. 1719, 14; Micheli, Nov.

PL Gen. 11 (1729) ; Adans. Earn. Plant, ii. 472 (1763) ; Pers. Syn. ii. 530 (1807).

Fucus, Tonrn. Inst. Herb. i. 569 (1700) ; Mappus, Hist. PL Alsat. 113 (1742).

Hyas, Dumortier, Anal. Fam. PL 61 (1829).

Ittntra, C. C. Gmel. Fl. Bad. iii. 590 (1808).

Herbse animse, aqua dulci vel subsalina stagnante vel fluitante submorsge, radicantes

;

caules tenues saepe elongati, interdum dichotome ramulosi, inermes vel rarius

aculeati ; folia per paria approximuta, in specie opposita vel ternatim verticillata, e

vagina subbrevi anguste linearia, sinuato-dentata vel serrulata (dentes cum aculeo

ssepissime unicellulari luteo-brunneo terminati, ssepe ad aculeum e marglne protrusum

reducti), uninervia, rarius in nervi dorso spinifera ; vagina truncata vel rotundata,

vel superne in auriculis plus minus producta, in margine superiore vel in

aurieulis plus minus spinifera, ssepe asymmetrica, prsecipue in folio cujusque paris

superiore ; sqviamulae intravaginales binse minutse lanceolatee vel sa^pius angustab

et lineares aut iiliformes ; monoecise, rarius dioecite
; flores unisexuales specie

axillares, e basi ramorum orti, horum folio primo oppositi ; masculm monander

ante anthesin saepissime subsessilis et in spatha (quae cum collo cylindrico ore

spinifero instructa est) inclusus, monochlamydeus, periantliium apice bilabiatum ad

antheram arete applicitum ; anthera terminals saepissime subsessilis, quadrilocularis,

rarius unilocularis
; femineus nudus, rarius cum spatha simplici velut in mari

indutus, ovarium ovale, uniloculare, cum stylo simplici coronatum, stylus cylindricus

in stigmata 2-3 linearia papillosa desinens, vel interdum processubus quoque
oppositis spiniferis cum stigmatibus alternantibus instructus, ovulum solitarium

basale erectum anatropum cum integumentis duobus circumdatum
; fructus parvus

a folii vagina sub medium inclusus, ellipsoideus vel oblongus, vel fusiformis,

pericarpium tenuc semini adhairens; semen brunneum vel flavescens, testa

ssepissime strata tria, rarius plura exliibens, stratum externum varie evolutum demum
ssepius degenerans, strata interna incrassata et indurata, prsecipue, qua tria extant,
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stratum medium ; embryo magnus, rectus, macropodus, valde evolutus, ad testam

conformans, endospermuni nullum.

Per orbem terrarum, regionibus frigidis exceptis, dispersa. Species 31.

Subgenus 1. Eunajas, Aschers.

Dioica; testa e stratis cellularuni indurataruoa pluribas (plus quam tribus) coiistructa.

Generally plants of a sturdier habit than in the senond subgenus, with a greater tissue-

differentiation in stem and leaf, showing a well-marked epiderinis and a many-layered

cortex in the stem, with several layers between the intercellular spaces and the stele.

Leaf-teeth large, back of the leaf and internodcs with similar teeth, Male flower

enclosed in a spathe ; anther 4-locular. Female flower naked, generally 3-styled.

One species N. marina^ 1.

1. Najas mari^^a, Linn. (PI. XXXIX. figs. 1-30.)

N. marina, lAim. ^^.V\. 1015 (/3 & y iuclusis) (1753), et Fl. Suec. [ed. 2] 345 (syn. Miclielii excl.)

(1755) ; Thedcn. in Vet. Acad. Handl. 183/ (1838), 2-11, t. 8, et in Flora, xxiii. (1840) 305, t. 3;

Nyman, Consp. FL Eur. 685 (1882), et Suppl. ii. 289 (1890) ; Arth. Bennett in Journ. Bot. xx.

(1883) 353, t. 241 ; C. Reid ex Strahan in Quart. Jovu'n. Geo!. Soe. Hi. (1896) 479, et in Proc. Roy.

Soc. Ixi. (1897) 45 ; Horuem. \^\ Dan. t. 2121 (1834) ; G. Anderss. in Bot. Notis. 1891, 249, et

Svensk. VUxtvarld. Hist. 42, t. 34 (1896), et in Engl. Bot. Jahrb. xxii. (1896) 468, t. 4. %. 13

(German translation); Morong in Mem. Torr. Bot. Club, iii. (1893) no. 2, 58, t. 65 ; A. Gray, Man.

Bot. [ed. 6] 565 (1890) ; K. Schum. in Mart. Fl. Bras. iii. pt. 3, 723, t. 123. fig. 2 (1894) ;

Mirbel, Exam, de la Division des Veget. en Eudorliiz. et Exorhiz. t. 3, in Ann. Mus. Hist. Nat.

xvi. (1810) (figures fruit, seed and embryo).

Var. latior, F. Muell. ex K. Sehum. in Mart. Fl. Bras. iii. pt. 3, 725 (1894).

Var. muricata, Hartm. Handb. Skand. F\. (ed. 9) i. 197 (1864) ; "stems prickly, with red joints.^'

Specimen not seen, but probably only a form of N. marina.

N.fluvialis, Thuill. Fl. Paris (ed. 2), 510 (1799) ; L. C. Rich, in Ann. Mus. Hist. Nat. xvii. (1811) 233,

t. 5. figs. 32, 33.

N.Jliwiatilis, Poir. in Lara. Encycl. iv. 416 (1795-96) ; et 111. iii. 395, t. 799, fig. 1 (1823).

N.fucoides, Griff. Notul. PI. Asiat. pt. iii. 182, t. 251 (1851).

N. latior, F. Muell. ex K. Schum. in Mart. Fl. Bras. iii. pt. 3, 804 (1894).

N. wa;or, Allioni, Fl. Pedem. ii. 221 (1785) ; Cham, in Linngea, iv. (1829) 498; Linnsea, ix. (1834) 515,

t. 7, et X. (1835) 225, t. 1; Kuntli, Enum. iii. 112 (1841) ; A. Braun in Journ. Bot. ii. (1864)

275; Schnizl. Icon. Fam. Nat. i. t. 71. figs. 1-11 (1843-46); Gris in Bull. Soc. Bot. Fr. xiv.

(1867) 251 ; Roth, Tent. Fl. Germ. ii. pt. 2, 499 (1793) [the species is quoted N. major, Roth,

as frequently as N. major, All.] ; T. Nees, Gen. PI. Fl. Germ. iii. 44, figs. 1-21^ et 45, figs. 12,13

(1845); Peterm. Deutseh. Fl. 539, t. 83, fig. 658 a-/ (1849); Garcke, lUustr. Fl. Deutsch. [ed. 17]

566 (1895) ; C. A. Weber in Abb. Naturw. Ver. Brem. xiii, (1896) 462; Pari. Fl. Ital. iii. 662

(1858) ; Magnus in Nuov. Giorn. Bot. Ital. ii. (1870) 187 ; Irmisch in Flora xlviii. (1865) 83,

t. 1. figs. 21-24 (germination) ; Boiss. Fl. Or. v. 27 (1884) ; Hook. f. Fl. Brit. Ind. vi. 569

(1893) ; Franch. & Savat. Enum. PI. Jap. ii. 13 (1879) ; Benth. Fl. Austral, vii. 181 (1878)

;

Britton & Brown, 111. Fl. North U.S. i. 80, t. 179 (1896); Chapm. Pi. South Unit. States

[ed. 2] 652 (1883) ; S. Watson in Geol. Surv. Calif., Bot. ii. 191 (1880) ; Griseb. Fl. Brit. West

Ind. 507 (1864).

Var. IcBvis, DC. Fl. Fran9. (ed. 3) ii. 587 (1805) ; var. multidentata, A. Br. in Journ. Bot. ii. (1864)

275 ; var. spinulosa, DC. /. c. ; (?) var. paucidentata, A. Br. 276.

3o2
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Najas monosperma.WiW^. Sp. PI. iv. 331 (1805) ;
Pers. Syn. ii. 551 (1807) ; Sturm, Deutschlands Flora,

Heft41, no. 15 (1821).

N. muricata, Thuill. Fl. Paris [ed. 2] 509 (1799).

N. spinosa, Buch.-IIam. ex Wall. List, no. 5182.

N. polonica, Zalewski in Kosmos, xxi. (189G) 326.

N.pluvialis, K. Sclmm.in Mart. Fl. Bras. iii. pt. 3, 724 (1894), splialm. ^fluviaiilis, Lam.

N. tetrasperma, Willd. Sp. PI. iv. 331 (1805); Pers. Syn. ii. 551 (1807).

Itinera Najas, C. C. Gmel. Fl. Bad. iii, 590, t. 3 (1808).

/. major, Reichb. Fl. Germ. Exeurs. 150 (1830).

Fluvialis Pisana, foliis denticulaiis, J. Bauhin, Hist. iii. 779 (right-hand fig.) (1651) ;
Tourn. Hist.

196 (1698) ; VailJant, Botan. Paris, 54 (1727).

Fluvialis species angusto brevique folio undequaque spinis infesta (Flagellum Christi), Cupani, Hort.

Cath. 241 (1696) ; Ray, Hist. iii. 132 (1706).

Fluvialis species folio angusto, ad margines denticulis spinosis inciso, Flagellum Christi dicta, Ray,

/. C.121.

Fluvialis vulgaris latifoUa, A^aillant in Mem. Acad. Roy. Sci. Ann. 1719, 13, t. 1, fig. 2. Male and

female flowers are shown on the same plant ; the former hanging from a leaf-sheath at the end of a

stalk equal in length to the anther. The ovaries bear two stigmas.

Fluvialis angusto longoque folio, Vaillant, /. c. 14.

Fluvialis angusto brevique folio, Vaillant, /. c.

Fluvialis folliis angustis, dentatis, Vaillant, Bot, Paris, 54 (1727).

Fluvialis latifolia,fructu obtuso tetraspermo, Micheli, Nov. Plant. Gen. 11, t. 8, fig. 1 (1729), and

Fluvialis latifolia, fructu minus ohtuso monospermo, ib. fig. 2. In both figures Micheli represents the

plant as monoecious, with long-stalked male flowers. He rightly figures several fruits, but confuses

fruit and seed with anther when he describes what is evidently a transverse section of an anther

(fig. G) as a fruit Avith four loculi, and the four pollen-sacs (fig. H) as four seeds.

Potamogeiton fluviale Sargazo simile lucens, foliis margine dentatis, Piuk. Almag. 304, t. 216, fig. 4 (1696).

Plukenet^s plant is in Herb. Sloan, (vol. xcvii. fol. 122), where it is labelled in Plukenet^s handwriting

" Fluvialis Pisana, J. B. Tab. 216, f. 4"; Ray, Hist. iii. 121 (1706).

Fucus jiuviatilis, aculeatus, undulatus, Tourn. Inst. Herb. i. 569 (1700) ; Mappus, Hist. PI. Alsat.

113 (1742).

Najas fructu monospermo, Haller, Hist. Helvet. i. 238 (1768).

Sclerocarpus obliquus, C. A. Weber in Neu. Jahrb. f. Miner. Geol. u. Palaont. ii. 79 (1891). Specimen

not seen; inserted on the authority of G. Andersson in Bot. Not. 1891, 253.

Dioica ; fragilis, late ramosa, internodiis sgepe elongatis, interdum inermibus, interdum

spinis paucis vel subnnmerosis armatis
; foliis in vivo rigidis, patentibus linearibus,

saepe late-linearibus, interdum oblongo-linearibus, super vaginam plus minus angus-

tatis, apice mucronatis, margine dentibus validis patentibus spiniferis armatis, dorso

saepe parce spinosis; raginis late rotundatis, inermibus, vel seepe dente singulo

vel dentibus paucis utrinque instructis ; squamulis intravaginalibus minutis, sgepius

subovatis, apice obliquis vel plus minus oblique truncatis
; floribus solitariis :

plantis masculis interdum cum foliis quam in femineis angustioribus, fiore masculo

cum spatba in collum apice paucispiniferum desinente circumdato, periantliio

bilabiato ad antberam quadrilocularem subsessilem arete applicito ; flore femineo

aclilamydeo, ovario subgloboso vel late ellipsoideo, stylo cylindrico in stigmata

linearia tria, rarius duo, diviso ; fructu ellipsoideo vel ovoideo, apice subacuto,

pericarpio crassiusculo ; seniine ad pericarpium conformante, testa rugulosa dura

areolis plurangulis notata.
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Size of the plant varying considerably, generally between 30 and 70 cm. A fruiting

specimen from Hickling Broad, gathered in September, was iO cm. long.

Plants attached at the base of the stem and at the lower nodes of the shoots

by fibrous, often brownish-coloured roots. In the fresh state the stem and leaves are

extremely brittle, the former breaking at a touch or witli its owni weight when lifted

from the w^ater.

Stem branching immediately above the base ; shoots generally creeping at the lower

nodes and ascending above. Internodes varying in length in different plants ; the lower

may be 6-12 cm. long ; in the same plant they become much sliorter from the base of

the shoot upward, becoming suppressed near the apex ; width varying (when dry)

from 1 to 15 mm. (in fresh specimens 2'5 mm.) ; number of spines very variable, often few

or none. Leaflo to 3'5 cm. long, often about 2 cm., 1 to 2'5 mm. broad. Teeth gener-

ally between 4 and 8 on each margin, though a much wider variation occurs ; consisting

of a conical outgrowth of the leaf-margin terminated by a strong, sharp-pointed, yellowish-

brown cell ; less than, greater than, or equal to the leaf-width ; 1 to 1 similar spines

occur on the back of the leaf. Sheath large and quite entire, or bearing on each of its

rounded shoulders a very small tooth or one prominent tooth, which may be followed

from above downward by one or a few smaller teeth, or there may be more than one

prominent tooth or several inconspicuous ones ; teeth ending in a sharp, yellowish, spiny

cell; fertile sheaths generally very asymmetrical. Intravagiual scales varying much in

shape on the same plant ;
generally about 6 mm. long, and tapering more or less obliquely

from a broader base.

Male flower 3 to 4 mm. long; anther when young completely enveloped in the spathe

and perianth, the cells of wdiich contain a bright red sap ; before dehiscence the short

stalk grows and the flower is pushed through the spathe, which liecomes split laterally ;

the perianth becomes torn, and the anther dehisces from above downward. Female

flower when mature about 3*75 mm. long, the ovary occupying about one-third of the

whole length ; when three stigmas are, as usual, present, one is often smaller than the

others. Fruit 4 to 8 mm. long, generally about 5 mm. ; usually ellipsoidal or more or

less ovoid, becoming narrowed at the top, where it bears the withered style and the

remains of the stigmas ;
pericarp in fresh specimens turgid and succulent, but wiien

dried thin and membranous ; it is finally split by the growth of the seed, which is of a

similar shape.

The general habit shows a wide variation, depending upon the length of the internode,

the absence or presence of spines and their number, the greater or less rigidity of the

leaves, their length and breadth, and the size and number of their marginal teeth. The

size and shape of the fruit also vary considerably. The study of a large series of

specimens reveals a number of forms which bear certain relations to geographic distribu-

tion, though doubtless largely determined by local conditions, such as depth of w'ater,

presence or absence of a current, strength of current, presence of salt, or temperature.

As we might expect, these forms pass more or less one into another. I have purposely

avoided attaching names to the following, which are fairly easy to distinguish :

—

a. A luxuriant form with internodes much elongated and unarmed, or, especially the

shorter upper ones, sparsely toothed. The leaves, which are uniformly linear or narrowing
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above the sheath, are generally between 3 and 4 cm. long, and 2 to 4 mm. broad, includ-

ing the teeth. The shallow teeth, of which there are 7 to 9 on each side, are less than,

or rarely equal to, tlie leaf-wddth. The sheath is entire. The fruit is rather large, 5 to

6 mm. long by 2 to 2'5 mm. broad, ellipsoidal, narrowing towards the tip. (PI. XXXIX,
figs. 17, 18.)

^

N.JluviaNs,Thm\lTl Par. [cd. 2] 510 (1799).

]^\ major^ var. lavis, DC. FL rran9. [ed. 8] ii. 587 (1805).

Bistributi ] m e seen specimens from the following localities :

—

Trance—Seine, near Paris [Houstoim 1727, &c.), islands below St. Cloud, and near

Charenton ; Somme).

Bavauia—Speyer; Erlangen.

Poland—{JFoloszczak, El. Polouica exsicc. no. 481).

Italy—Venice {Martens).

Japan—Kiusiu {Maxhn., Iter Secundum) ; Hakone, prov. Sagami.

(?) China—Bretschnekler, PI. Pekin. no. 892 (a fragment).

Pruits from neolithic deposits in Scandinavia, figured by G. Andersson (Svensk.

Viixtvarld. Hist. 42 t. 34, figs, a and b) may belong to this form. They are however^

rather narrower than usual, being 6 mm. long by 1'7 to 2 mm. broad, and a determina-

tion from figure only must be very doubtful.

/3. The common European form, with internodes sparsely armed and shorter leaves,

generally 15 to 20 mm, long, more rarely reaching 25 mm. The marginal teeth, which are

larger than in the preceding, are less than or sometimes equal in length to the leaf-wddth.

The ellipsoidal or ovoid-ellipsoidal fruit is 4 to 5 mm. long by (generally) 2"5 mm. broad.

(PL XXXIX. figs. 19, 20.)

N. major, var. sjnnulosa, DC. Fl. Fran^. [ed. 3] ii. 587 (1805).

N. monosperma, Willd. Sp. PI. iv. 331 (1805).

N. muricata, Tliuill. Fl. Par. [ed. 2] 509 (1799).

I have seen specimens from the following localities :

—

Gbeat Britain—^Ilickling Broad, jS'orfolk. Emits found by Mr. Clement Eeid in

neolithic deposits, Glamorgan, in interglacial deposits at Hitchin, Herts, and in

preglacial at Beeston, Norfolk, and Paketield and Corton, Suffolk
;

(tigs. 21-23).

Prance—Seine, at and near Paris ; Loire at Chantenay ; canal near Moret.

Germany—Strassburg ; Mannheim ; Carlsruhe ; Bavaria ; Bohemia ; Dresden ; Berlin

;

Tegel-see ; Libbenz-see ; Hybruck, Upper Silesia.

Hungary—Poet's Island in the Danube at Pressburg.

Italy—Near Milan; Pavia; Ceraso (South Italy) (Herb. Martens).

Switzerland—Near Ziirich.

India—Paingti ( Wall. List, no. 5182). This is N. spinosa, Buch.-Ham. !, a fine plant

with rather long leaves and very spiny internodes.

China—Kianang {Staunton).

North America—Onadaga lake, N.Y. {Engelmann).

Jamaica—{Wullschldger).

AuSTRALixi—Plinders river, a fragment drifted up wdth the tide {F. von Mueller in Herb.

Kew.); Murchison river, West Australia (Oldfiehl) (approaching var. angustifolia).
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Specimens with pale-coloured Darrowly ovoid fruit, spinous uj)per internodes, and leaves

narrower in proportion to tlieir teeth occur from Paris (jV. miiricata, ThuilL ! and

iV^ major var. siroiulosa, DC). Drawn-out examples affordinj;^ a transition to var.

intermedia, A. Br., in their narrow, proportionately larg-er-toothed leaves and slender fruit

and seed, also occur. Such are specimens from Bavaria (Erlangen, in Herb. E<oem.)

;

France, in the Senig (South France), near Paris, and Montmorency; also Zealand

(Sjaelland), Sasaa, between Appenaes and Gauno (south coast).

Fruits found by G. Andersson in neolithic deposits in South Sweden and Gothland may
belong to this form. I have seen only a figure (Svensk. Vilxtviirld. Hist. 42, t. 34 c).

Fossil fruits are also reported by C. A. Weber from interglacial deposits in Prussia,

Holstein, and Hanover (see Engler, Bot. Jahrb. xviii. Beiblatt 43 (1896), 6, and Nehring,

Neues Jahrb. fiir Mineralog. 1895).

7. A large-fruited form, also of widespread occurrence on the continent of Europe,

characterized by larger patent leaf-teeth, 5 to 7 on each margin, and larger fruit, 5 to

6-5 or even 7'5 mm. long, 2-5 to 3*5 mm. wide (PL XXXIX. fig. 5). The internodes

are more or less spiny, and the leaves generally about 2 cm. long.

I have seen specimens from the following localities :

—

France—Aries, Gironde.

Germany—Moselle, near Coblenz ; Tartarcn-See (N.E. Prussia) ; Binowschen-See,

Grunewald (near Berlin] ; Posen, in a lake IJ mile N.W. of Lissa ; Borowns-See.

Switzerland—Xear Ziirich {Jdggi).

Italy—Lago di Nemi, Monte Albano illartens) : var. multidentata, A. Br. ! ex K.

Schum. in Mart. Fl. Bras. iii. pt. 3, 725 (1894) ; no fruit.

Cashmere—Dal Lake ; fruit 7 to 7*5 mm. long by 3 mm. broad.

Turkestan—Khiva [Korolkow S)^ Kraiise) ; a fragment seen in Herb. Kew.

C\]iiA—[Wright, no. 3718).

A plant collected near Berlin (Fritsche), with shorter, narrower leaves, and fruit 5 bv

2 mm., affords a transition to var. intermedia.

A very spiny specimen, the internodes bearing many (9 to 15) spines about 2 mm. wide,

the large leaves 2-5 to 3*5 cm. long, bearing on each side 5 to 6 large teeth longer than

the leaf-widtli, the asymmetrical sheaths with one to several small teeth on the shoulders,

occurs from a lake near Kaltern, Tirol. The unripe fruit is 6 mm. long.

Var. RECURVATA, Dudley, Cayuga Fl. 104 (1886) (in Bull. Cornell Univ. [Science] ii.,

amj)Uata) ; Morong in Mem. Torr. Bot. Club, iii. (1893) no. 2, 59 ; A. Gray, Man.

Bot. [ed. 6] 566 (1890); A. Britton & Brown, III. Fl. North U.S. i. 80 (1896).

(PL XXXIX. figs. 9, 26.)

Planta internodiis plus minus spinosis, foliorum dentibus laminoe latitudinem ixiquantibus

vel cxcedentibus ; vaginis cum dentibus 1 vel 2, rarius 3, superne instructis ; fructu

minore.

Leaves from 1-5 to 2'5 cm. long and about 1 mm. broad, with 3 to 5 to 7 rather laro-e

spreading teeth on each side, and generally 3 on the back. Fruit 4 to 5 mm. long by
1-5 to 2 mm. broad.
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North America—Buffalo {Clinton); Eocliester, Onadaga lake, N.Y. ; Cayuga

marshes, jS\Y. {Budley) ; Utah {Furry, no. 32) ; Santa Cruz river, S. xirizona

{Falmer, no. 249) ; Plorida.

Eesemhles the form y of the type in its prominent leaf-spines, though the leaves are

smaller, /3 in its medium-sized fruit.

This is a more widely spread MS. variety of Braun's, in which var. recurvataf

Dudley, must, I think, be included. Prof. Dudley's plant, from Cayuga marshes,

New York, is a form with very sparsely spinose internodes, and slightly less prominent

leaf-teeth.

One of the specimens from Plorida on which Braim founded his variety has very

slender leaves and approaches his var. angustifoUa, recalling especially a type specimen

from 0-Wahu in Herb. Braun.

Var. Ehrenbergii, A. Br. in Journ. Bot. ii. (1864) 275 ; K. Schum. in Mart. Fl. Bras,

iii" pt. 3, 725 (1894). (PI. XXXIX. figs. 10, 27.)

Planta foliis linearibus margine cum dentibus numerosis laminae latitudinem haud

sequantibus instructa ; fructu minore.

Somewhat densely leaved; leaves with 8 to 12 small teeth on each side, and 2 to 5 on

the back ; sheaths with generally 1 to 3 more or less prominent teeth on each shoulder.

Fruit (where present) 3 mm. long hy less than 2 mm. broad.

Arabia—Dhofar Mountains, S.E. Arabia (Fe?if, no. 219). Similar to the Socotran

plant.—Wady Djara and Wady Kamme (? spelling) {Ehrenherg). Internodes

unarmed, leaves 2 to 2-5 cm. long, 1 to 1*5 mm. wide, sheaths wdth generally 2

rather prominent teeth. The type of Braun's variety ; with this I include the

following :

—

North Aprica—Kafr Douan, Tunis {Letoiirneaux). Somewhat similar to the pre-

ceding, but with shortly muricate internodes and less regular, slightly more
patent teeth ; sheaths with generally 3 teeth on the shoulder.

SOCOTRA— (£aZ/ow^', no. 732) (
Schiceinfurth, no. 709 ). A sturdier plant, with much larger

leaves, 2*5 to 3*5 cm. long and 1*5 to 2 mm. broad. The internodes are unarmed,
and the sheaths have one or more teeth on the shoulder. No fruit.

Var. RiEDELii, K. Schum. in Mart. Fl. Bras. iii. pt. 3, 725 (1894).

Planta caulibus laxis psene inermibus ; foliis linearibus utroque margine dentibus

patentibus numerosis, dorso spinis pluribus, vagina dentibus prominentibus 1 vel 2

instructis.

Leaves between 2-5 and 3*5 cm. long, 1 to I'S mm. broad. Marginal teeth one-half to

two-thirds the leaf-w idth ; as many as 22 on each side. The numerous (as many as nine)

dorsal spines are borne on the slightly projecting midrib.

Brazil—Lago de Pertininga (Fiedel).

The specimen has neither flowers nor fruit. The variety bears some resemblance to

var. Ehrenbergii.



REVISION OF THE GENUS NAJAS. 395

Var. ANGUSTIFOLIA, A. Br. in Journ. Bot. ii. (1864.) 275. (PL XXXIX. figs. 13, 28.)

Laxa, internodiis saepius inermibus, foliis loagis anguste linearibus, deiitibus brevibus

dissitis, fructu minore.

Stem almost or quite imarmed. Leaves 2 to 4 cm. long, with 5 to 10 short outwardly-

directed teeth on each side, unarmed or with a few spines on the back ; sheath with 1, l^

or 3 small, rarely large, teeth on the shoulders. Fru'ii oblong, narrowed towards the

subobtuse apex, 4 to 4'5 mm. long, 1*5 to 2 mm. broad.

Europe (Northern)—Brackish w^ater around the Baltic. Christiansand {Rornemami^

Engelhardt, Nordstedt) ; Warnemiinde (North Germany) {Link) ; Slesvig-Holstein,

*' in Brackwasser haltigen Binnenseen " [Hansen, no. 948), (Lessen) ; Ostrobothnia,

Austr. Quarken {Siming) ; Finland, "In maritimis paroecia^ Perno " {Seelan);

Mecklenburg, Dassower-See.

Assyria—" Missul ad Ninivam " {BommiUler, no. 1838).

Turkestan—A fragment in Herb. Kew.

India—Jemadar ki Lundi, Kurrachee (Stocks, no. 464).

Bourbon—

(

Commerson).

Sandwich Is.—(Menzies) ;

'* In arenis prope Hama-Rurii 0-Wahu" (Adoltz).

Var. INTERMEDIA, A. Br. in Journ. Bot. ii. (1864) 276. (PI. XXXIX. figs. 14, 29.)

N. marina, Linn., var. genuina, K. Schum, in. Mart. Fl. Bras. iii. pt. 3, 724 (1894), in part.

N. intermedia, Gorski in Eicliw. Naturhist. Skizze von Lithauen, &c. 126 (1830).

N. maritima. Pall. Reise, i. 369, may belong here (1791).

Plaiita foliis parvis, anguste linearibus, cum dentibus conspicuis lamina) latitudinem

saepius excedentibus ; vaginis utrinque dentibus singulis vel binis instructis ; fructu

quam in specie stepius minore.

Internodes unarmed or, especially the upper, sparsely spinous. Leaves 1'2 to 2 cm.,

generally about 1*5 cm. long, with 4 to 7 teeth on each margin ; sheaths with generally

1 or 2, rarely more, teeth on each side. Fruit usually 3 to 4 mm., sometimes 5 mm.

long, 1'5 to 2'5 mm. broad.

Baltic—Stockholm {Nyman.Wlkstrdm, Hornemann, Andei^sson); Aland (iZ<?rZ^. Linn.];

Bleking (i^ri^^ and others); Westervik (Torne?'); Gefle Bay (Ahlbery); Skaren

Is., Christiania fiord (Leche); Wolgast (Marsson).

GuLE OF HiGA—Oesel Is.
(
Werner, no. 739 b ; Arensburg).

Gulf of Einland—Mouth of Narora river (Herb. Fl. Ingricae) ; Fagervik (Hisingcr) ;

Karawaldoi Is. (Schmalhausen).

Germany—Schlon-See, Eofen-See and Schlachten-See, (A. Brann) ; Salzigen-See

(Garcke) ; lakes near Allenstein and Gilgenburg (E, Prussia) (Caspary), and near

Zutzer (W. Prussia).

Switzerland—PLcichenau near Constance (Leiner) ; Bobcnhausen, Zurich (Muret).

Russia—Ukraine, S.W. Russia.

Asia.—East shore of Caspian Sea ; Afghanistan (Griffith, no. 5609).

Fruits found in neolithic deposits in Scandinavia by Gunnar Andersson and figured

(Svensk. Vilxtvarld. Hist. 42, t. 34. fig. d) may belong here.

SECOND SERIES.—BOTANY, VOL. V. '^ P
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Var. MiCROCARPA, A. Br. in Joiirn. Bot. ii. (1864) 276.

Var. BoUei, K. Schum. in Mart. Fl. Bras. iii. pt. 3, 725 (1894).

Minor, breviter ramosa, foliis anguste linearibus, dentibus, nisi inter flores, ssepe laminae

latitudinem baud a^quantibus ; fructu minimo.

Leaves 1 to 1-9 cm. long, 5 to "8 mm. broad, witb 5 to 7 teeth on each side, Avhicb,

except OQ the small branchlets, do not equal in length the leaf-width ; generally 3 teeth on

the back of the blade, and 1 to 3 rather prominent teeth on each shoulder of the sheath.

Seeds deep reddish-brown, 2*5 mm. long by 1'5 mm. broad, oblong from an obliquely

truncate base with a rounded apex, and marked with distinct polygonal reticulations.

Gkan Canaria—Lagoon of Mashalomas (Bolle in Herb. Braun).

Approaches var. intermedia^ but distinguished by its very small fruit and less pro-

minent leaf-teeth.

A^ar. BREViFOLiA, var. nov.

Ramosa, internodiis spinosis elongatis, foliis brevibusangustis cum dentibus marginalibus

magnis contiguis patentibus laminae latitudinem excedentibus, vaginis cum dentibus

magnis singulis binisve prominentibus utrinque instructis ; fructu mediocri

ellipsoideo.

Leaves 1 to 1-5 cm., rarely 2 cm. long, 1 mm. m ide between the teeth, of which there

are 4 to (J on each side, and generally 2, soraetiiues one only, on the back. Fruit obtuse

above, rounded below% 4 to 4*5 mm. long by 2 to 2-5 mm. broad. Markings on seed-coat

prominent, often pentagonal.

Germany—" Schlon-See bei Heringsdorf " (" in large quantities and reaching 3 feet in

length") (Herb. Braun).

It has a characteristic appearance resembling a muricate form of var. intermedia.

Var. LATiFOLiA, A. Br. ex K. Schum. in Mart. El. Bras. iii. pt. 3, 725 (1894).

(PI. XXXIX. fig. 11.)

Najas latifoJia, A. Br. iu Jourii. Bot. ii. (1861) 276.

Planta pro genere robusta, internodiis inermibus, foliis late linearibus vel lineari-

lanceolatis, margine cum dentibus numerosis parvis, dorso cum linea prominula 5-7-

spinosa instructo, vaginis integris vel minute denticulatis.

Interuodes 15 to 2 cm. long, 1 to lo mm. in Avidth. Leaves 2 to 3 cm. long by 2 to

3 mm. broad, the margin regularly dentate, teeth 12 to 16, not exceeding -5 mm. in

length
; a narrow dorsal wing bears 5 to 7 larger spines. Flowers and fruit absent.

Tropical South America—Lagoon of Valencia, near Caracas {Golbner).

Var. GROSSEDEXTATA, var. nov. (PI. XXXIX. iig. 16.)

Dense ramulosa, foliis l)revibus crassiusculis iiregulariter dentatis, dentibus magnis
pauci> patentibus, vaginis subtruncate rotundatis a lamina bene distinctis.

Of a characteristic small bushy habit. Internodes 1 to 3 cm. long, gmerally unarmed
except for one or two spines often present just beneath the nodes. Leaves with large,

truncately-rounded sheaths, which ai-e entire or with a small tooth on the shoulder;

blade at a marked angle Avith the sheath, thick and Heshv when moistened, 7 to 10 mm.
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Ions, 1 to 2 mm. broad, bearini,'' 2 or 3 lateral toetli, 1 or 2 dorsal, and a sharp terminal

tooth ; marginal teeth large, triangular, 1"5 to 2 mm. long, ending in a conspieuous sliar])

reddish-brown spine. Ovary 2-3-styled.

China—Province of Kianang (Staunton, in Herb. Mus. Brit.).

Var. MURiCATA, A. Br. ex K. Solium, in Mart. Fl. Bras. iii. pt. 3, 725 (1894) (non

Hartmann). (PI. XXXIX. fig. 12.)

N. muricata^ Dchlc, Fl. I^o^ypte, 281, t. 50. fig. 1 ; Cham, in Linnffia, iv. 500 (1829) ; Kuiitli, Ennm. iii.

113 (1811) ; A. Braun, in Jourri. Bot. ii. (1864) 276; Boiss. Fl. Or. v. 27 (1884).

N. major, AIL; Trimen, in Journ. Bot. xxvii. (1889) 167; Hook. f. Fl. Brit. Ind. vi. 569 (1893).

Caulinia muricaia, Spreng. Syst. i. 20 (1825).

Planta internodiis dense muricatis ; foliis linearibus, margine dcntihus 7-10 dcnsis

patentibus instructis, in dorso et vagina quoque spinosis, dentibus laminae

latitudinem saepissime excedentibus ; fruetu minore.

Internodes 1 to 3*5 cm. long, shorter in the Ceylon than in the Egyptian specimens,

1 mm. wide, thickly covered with short spines. Leaves 1'2 to 1*8 cm. long, -5 to 1 mm.
l)road, bearing 7 to 10 patent triangular teeth on each side, equal to or generally exceeding

in length the leaf-width ; the back bears 3 to 5 spines, the sheath generally two pro-

minent teeth on the shoulder and (in the Egyptian specimens) often a spine on the back.

Seed 3*5 mm. long by 2 mm. broad, distinctly marked with small 4-5-polygonal areolae.

Lower Egypt—Damietta (Sieber, J^hrenherg, Bove).

Cetlon—Kainiuuai [Nevill),

Var. GRACILIS, Morong in Bot. Gaz. x. (1885). 255, et in Mem. Torr. Bot. Chib, iii. no. 2

(1893) 59; A. Gray, Man. Bot. [ed. 6] 566 (1890).

Var. angustissima, K. Schum. in Mart. Fl. Bras. /. c. (founded on the same plant {CartitfS, no. 2705]

as Morong's variety)

.

Gracilis, internodiis elongatis; foliis anguste linearibus, margine cum dentibus numerosis

p>atentibus magnis instructo, doi-so inermi vol paucidentato ', vagina utrinque l-o-

dentata ; fruetu minore.

Internodes 5 to 8 cm. long, becoming shoiier at the ends oF the long slender shoots,

rarely with a few spines. Leaves generally between 2*5 and 1 cm. long and 5 to 7 mm.
broad, with 8 to 12 teeth on each margin ; teeth -5 to 1 mm. long, generally equal to or

longer than the leaf-width ; sheaths with 1 to 3 prominent teeth on each shoulder. Ilale

jlovjers scarcely 3 mm. long. Fruit oblong and narrowed at each end, 3 5 mm. long,

1*6 mm. in diameter. Morong describes the seeds as " sculptured with about 25 rows of

nearly square or irregularly oblong reticulations "
; in the very few which I have seen,

this character is evident only about the middle of the seed. The plant when dry is

tinged with purple.

Florida—Near Cape Bomano (Cnrtiss, no. 2705).

Note.—Morong, in describing the leaf, sajs " 15-2-1 large teeth on the margin ''
in Bot. Gaz. I. c, " margins " in

Mem. Torr. Bot. Club, I. c. He probably refers to the number of teeth on both margins taken together, Schnmann,

however {I. c), says " foliis .... 15-24 serraturis utrinque ornatis," but this is probably a slip, as I have seen the

Berlin specimen, which conforms to the description given above.

3p2
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Var. cALiFOiiNicA, var. nov. (PL XXXIX. tig. 15.)

Planta habitu velut smffruticosa ; internodiis sparsissime spinosis ; foliis liaearibiis, apicem

versus angustatis, dentibus marginalibus numerosis laminse latitudinem ssepe hand

^quantibus, s^epe excedentibus, spinis dorsalibus ssepe in nervo mediauo pro-

miaente continuis ; vagina dentibus conspicuis 1-3 in parte snperiore instructa.

Of a short bushy habit, hiternodes 1 mm. wide. Leaves 18 to 2 cm. long, of

variable width (about 1 mm.), with 6 to 11, generally about 9 teeth, often upwardly

subfalcate, on each margin, the length of which in proportion to the leaf-width is very

variable, being perhaps generally greater, but often less or equal. The 4 to 6 dorsal spines

are often united at the base, forming a narrowly winged spine-bearing midrib. The

single specimen seen is female, with a 3-styled ovary. Fruit absent.

California— (Orciitt\ Coulter, no. 188).

Var. MEXicAXA, var. nov. (PI. XXXIX. fig. 30.)

Atroviridis, internodiis muricatis, foliis brevibns latis curvatis irregulariter grosse-denta-

tis, dentibus triangulis patentibus, vagina lata dentibus 1-2 magnis instructa ; semine

subovoideo areolis parvis plurangulis notato.

Internodes 1 to 2 mm. broad. Leaves 13 to 1*6 cm. long, 3 to 3"75 mm. broad,

including the large close-set teeth, generally with 3 prominent spines on the back. Fruit

subovoidly-oblong, 3 mm. long by 2 mm. broad. Seed with small but fairly distinct

polygonal markings.

Mexico—Muleje (Palmer, no. 20).

"Well characterized by the short, broad, irregularly cut, curving leaves.

Subgenus 2. xCaulinia, A. Br. (As genus, Willd.)

Monoica
;
testa e stratis cellnlarum induratarum tribus constructa.

Generally more delicate plants, with less tissue-differentiation than in Mmajas, the
epidermis not differing in appearance from the outer layer of the cortex ; cortex of stem
less developed. Leaves, except at the midrib, only two cell-layers thick. Internodes
unarmed. Leaf-margin very variously toothed, spines almost invariably absent from
the back.

§ 1. Spathaceee.—Male and female flowers iu a spathe.

Seed straight.

Leaf-teeth equal iu length to leaf-width or greater ^^ indica 2.
Leaf-teeth about half the leaf-width.

Sheaths with short obtuse auricles N. Schweinfurt/iii, S.

Sheaths truncate or rounded N. Welwitschii, 4.

Leaf-teeth few and minute N, madaffascariensis, o.

Seed curved .... \t * n^
i\. anctstrocarpa, 6.

§ 2. Ame3-icaH<s.—Miile Howcrs ouly in a spathe. Leaf-sheaths sloping.

Anther unilocular.

Seed smooth N. flexilis, 7

.

^^^^^^%^
N.podostemon,^.
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Auther quadrilocular.

Leaf-teeth minute ^Y_ inicrodon 9

Leaf-teeth evident.

Leaves broad (more than 1 mm.) K punctata, U).

Leaves narrow (less than 1 mm.)

Seed minute (about 1 mm. long), ellipsoid.

Testa with about 10 rows of areolae .... N. microcarpa, \\.

Testa with about 20 rows of areolae N. Wrightiana 12.

Seed long (2 mm. or more) and narrow.

Leaf-teeth few and irregular N. conferta, 13.

Leaf-teeth numerous and regular N. arquta, 14.

§ 3. Euvaginatee.—Male flowers only in a spathe. Sheaths truncate or more "
or less auricled.

Anther unilocular.

Areola? on testa broader than long iV. minor 15.

Areolae on testa isodiametric iV. Kurziana 16.

Areolae on testa longer tlian broad.

Sheaths rounded, scarcely auricled N. tenuisshna, 17.

Sheaths with short broad auricles N.gracillima 18.

Anther quadrilocular (where known).
^

Asiatic species.

Leaf-sheaths large, with broadly overlapping edges . . . , N. Kingii, 19.

Leaf-sheaths more or less cylindrical.

Beak of spathe lacerated N. lacerata, 20.

Beak of spathe not lacerated,
~

Seed more than 2 mm. long N.foveolata, 21.

Seed about 2 mm. long N. falciculata, 22.

Seed 1 mm. long JV. brevistyla, 23.

Australian species.

Leaf-teeth minute.

Sheaths with long auricles iV. temtifolia, 24.

Sheaths with short broad auricles N. Broumiana, 25.

Leaf-teeth prominent iV. Leichhardtii, 26.

Mascarene species.

Leaves narrow-linear iV. australis, 27.

Leaves setaceous .V. setacea, 28.

African species.

Leaves falcate, teeth exceeding leaf-width iV. horrida, 29.

Leaves not falcate, teeth not exceeding leaf-width N. interrupta, 30.

§4. Nudce,—Male and female flowers without a spathe N. graminea, SI.

§ 1. Spathacece.

2. Najas indica, Cham. (PL XXXIX. fli?s. 31-45.)

N. indica, Cham, in Linnsea, iv. (1829) 501 (excluding synonymy) ; Kunth, Enum. iii. 113 (1841) ;

Hassk. PI. Javan. Rar. 142 (1848).

? N. indica. Griff, ex Voigt, Hort. Suburb. Calc. 694 (1815).

N. minor var. indica, A. Br. in Journ. Bot. ii. (1864) 278, in part.

N. tenuis, A, Br. ex Magnus, Beitr. p. vii (1870).
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Caunnia indica, WiUd. in Mem. Acad. Roy. Sc. Eerl. 1798, 89, t. 1. fig. 3, ct Sp. PI. iv. 182 (1805) ;

Sprcng. Syst. i. 20 (1825).

Flitriahs indica, Pers. Syn, ii. 530 (1807).

I.axa, caulibus tenuissimis, sscpe fi]iformi])us ; foliis angustissime linearibus, superne

attenuatis, ssepe setaceis, apice ssepe bispinulato, margine vakle dentato, dentibus

triangiilis patentibns vel ascendentibus, laminae latitudinem saepius sequantibas vel

superautibus ; vaginis angustis, in auriculas fimbriatas productis, vel subtruncatis,

vel late rotundatis et conspicue paucidentatis ; squamulis intravaginalibus anguste

subulatis vel ebasi latiore acuminatis ;
/orzfiw^ sol itariissubsessilibus, spatha mascula

ellipsoidea in collum tenue cum ore irregulariter dentato et utrinque processu lineari

spinifero instructo, superne angustata ; antliera quadriloculari ; spatlia feminca

anguste ellipsoidea cum collo breviter cylindrico et ore sj)inifero, ovario spathse

conformi, stylo ])revi a stigmatibus duobus insequalibus terminato
;
fructu parvo

ellipsoideo spatha persistente incluso; semine pericarpio conformi, testa cum areolis

quadratis minutis numerosis lineata.

Leaves 2 to 3 cm. long by scarcely '5 mm. broad ; margin with 10 to 17 large teeth,

often as long as, or longer than, the leaf-width, and consisting of subequilateral or

obtusely triangular projections of the margin ending in a spine. Sheath narrow, 2'5 to

4 mm. long; form of upper margin variable: the original specimen {Caulinia indica,

Willd. ! in Herb. Berlin) markedly auricled, the auricles breaking up into a few one- to

several-toothed portions ; in other cases almost truncate or even broadly rounded, the

shoulder bearing a few (4 to 6) prominent teeth. On the same shoot may be found

almost truncate sheaths, and others with well-marked auricles.

Male flowers 3-75 mm. long, spathe narrowed above into a slender neck ending in an

irregularly toothed mouth, which is generally drawn out into two opposite long linear

prolongations ending in one or two spines
; perianth fitting closely to the ellipsoidal

anther and meeting above its apex in two thickened lips. Dehiscence occurs by elonga-

tion of the flower-stalk inside the spathe, which becomes laterally split above, the anther,

still enveloped by the perianth, becoming raised on a long slender stalk, equal to its own
length ; the lips of the perianth become reflexed and the anther dehisces at the top.

Pollen-grains somewhat irregularly shaped, and often hexagonal after dehiscence.

7v //;r//^y?6i?(;^r5 3 to 3-25 mm. long, sj)athe passing above into a neck about ^ to ^ its

whole length, the mouth bearing c^hort brown spines ; the short cylindrical style ends in

two unequal stigmas, one of which is seen protruding through the perianth.

Fruit 2 mm. long. Seed yellow or brown, with 25 to 30 rows of well-marked fairly

isodiametrical quadrate areolae, which rapidly become narrower on and near the raphe.

India—Bengal, Behar {Ilook.f. 4'- Thomson), Jynuggur {Clarke, no. 7540) ; Tranque-

bar {Klein in Herb. AYilld. no. 17092), (Soc. Unit. Fratr. 1778, in Herb.

Mus. Brit.).

3. Najas Schweinpurthii, Magnus in Ber. Heutsch. Bot. (ics. xii. (1894) 220.

(PI. XL. figs. 64-67.)

Planta ut videtur parva, caulibus filiformibus, ramulis ultimis dense foliatis
; foliis

lineari-angustatis graciliter subrecurvatis, margine dentibus ascendentibus sub-
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prominenti])us freqiientius instructo ; vagina cyliadrica breviter auriculata, auriculis

obtusis irregulariter spinosis ; Jloribus solitariis, muscuUs breviter pedicellatis, spatha

oblonf^a superne in collum late cyliiidricum ore irregulai-iter deiiticulatuiu transieiitc;

anthera uniloculari
;
femineis subsessilibus spatha anguste ovali-oblonga cum collo

cylindrico, ore pauci-spinifero, stylo in stigmata duo diviso ; fructu et semine ....

Judging only from the fragmentary specimens (whicli were mixed with ^. graminea\

a small plant with spreading branches. Leaves thin, slender, tapering, 1-4 to 2-1 cm.

long by -4 mm. broad (without the teeth) ; marginal teeth about a dozen, subtriangular,

ending in an upwardly-pointing brown spine, 'm. length about half the leaf-width; apex

ending in one or a pair of spines. Sheath 2 to 3 mm. long ; auricles with 3 to 4 erect teeth.

Male jiowers about 2 mm. long before dehiscence of the anther, spathe below its neck

fitting closely to the perianth, which has a markedly bilabiate top above the anther. On
dehiscence the spathe splits from above downward and the anther is carried up on a

long stalk, the whole flower measuring 3'5 mm. long.

Female jiowers very shortly stalked, about 2-25 mm. long, the spathe conforming to

the ovary below, and produced into a neck surrounding the long style, whicli ends in two

short unequal stigmas protruding beyond the mouth. The specimens bear no ripe fruit.

Tropical Africa—Grosse Seriba Ghattas, Djur-land {Schweinfiirth, no. 2140 in part).

(Mixed with N. gramlnea.)

Near N. JFelivltschil, but distinguished by its narrower auricled sheaths and smaller

male flowers.

4. Najas Welwitschii, Rendle. (PL XXXIX. figs. 46-52; PI. XL. figs. 53, 54.)

N. Welwitschii, Rendle, in Welw. Cat. ii. 95 (1899).

Najas sp., Magnus, Beitr. 44-, 45, t. 5. fig. 18 (1870).

Herba laete viridis, lucidula, caulibus ramisque effusis
; folils planis lineari-angustatis,

in vivo patentibus, margine dentibus frequentibus ascendentibus subprominentibus

instructo; vaginis late rotundatis vel truncatis, cum denticulis numerosis superne

marginatis, sajpe asymmetricis ; squamulis intravaginalibus subulatis ; Jloribus

solitariis, spatha mascula ellipsoidea, cum collo breviter cylindrico, ore spinifero;

anthera quadriloculari ; spatha feminea ut in mari, sed cum collo longiore

(? bilabiato), stylum et stigmata duo celanle ; fructu spatha incluso, demum a semine

maturo ellipsoideo-oblongo, apice angustato, rupto ; testa cum areolis quadratis

distinctis numerosis lineata, rapliei prominente.

*' Swimming at the bottom of water, usually in not very deep water, rooting in the

mud bv a long root-fibre-bearing rhizome."

Shoots spreading, rooting copiously at the nodes, the longest 30 cm., branches spreading

;

lower internodes reaching 4 to 5 cm. in Icngtli l)y 1 mm. in width, becoming gradually

smaller on the 1)ranches, the upper being aljout 1 cm. long by 5 mm. in width.

Branchlets and leaves in the dried specimens limp and flaccid, hanging together; but

the leaves are described as spreading in the living state. Leaf-blades generally 2 to 2*5

cm. long by '4 to -5 mm. in greatest width above the sheath, with an evident midrib and,

on the older leaves, transverse markings, especially in the lower part ; marginal teeth,

o-enerally 12 to 16, broadly subtriangular, ending in an ascending brown spine : in the
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middle of the blade they are about half the leaf-width in length ; leaf apex 1- to 2"

spinulate. Sheaths 2 to 3 mm. long and nearly or quite as broad : their truncate upper

margin or rounded shoulders hear 5 to 9 small erect teeth, tipped with yellowish spinules.

Intravaginal scales a little over 1 mm. long.

Male flowers subsessile, 3 mm. long, mouth of the short beak of the spathe oblique

and tipped with sharp yellowish-brown spines ; one, in which elongation of the pedicel

had taken place, was 4"5 mm. long, the narrowly ovate anther with its closely-fitting

perianth measuring 2*5 mm.
;
pollen-grains roundish.

Female flGivers 2*2 mm. long; spathe closely resembling that of the male, but with a

much longer neck, nearly as long as the lower portion.

Seed 2"5 mm. long by about f mm. in diameter, very pale brown, with about 25 rows

of distinct quadrilateral markings.

Tropical Afeica—Angola, Barra do Bengo, in a large lake near Quifandongo

[JVelwitsch, no. 247), and Barra do Dande, lakes on left of the river Dande,

near Bombo
(
TFelwitsch, no. 247 b).

5. NAJA.S MADAGASCARiENsis, sp. nov. (PI. XL. figs. 55-63.)

Laxissima, caulibus et foliis elongatis, his angustissimis, in ramis juvenilibus filiformibus,

margine superne solum minute et sparse denticulato ; vaginis anguste cylindricis

oblique vel vix auriculatis, vel rotundatis, sparse denticulatis ; squaniulis intra-

vaginalibus filiformibus
; florihiis solitariis, masculis breviter pedicellatis, spatha

anguste ovoidea cum coUo cylindrico, apice aculeifero hifido ; anthera quadriloculari

;

femineis sessilibus, ovario ellipsoideo a spatha cum collo cylindrico, ore spinifero,

circumdato
; friictu anguste ellipsoideo sub apice angustato, a spatha persistente

vestito, pericarpio semini conformi et areolas testae quadratas vel sexangulares in

seriebus numerosis ordinatas monstrante.

The habit is extremely lax, the whole plant being limp and falling into a tangled

thread-like mass wlien removed from the water. Shoots 30 cm. long were measured, and

greater lengths are probably reached. Lower internodes reaching 7 cm. in length, and

nearly 1 mm. broad, upper shorter, 2*6 to 1 cm. long just below the top, and about ^ mm.
broad. Leaves to 4-5 cm. long by -4 mm. broad below, tapering gradually upward to

the very fine bispinulate apex. Sheaths 3 to 5 mm. long by about one-third as broad,

asymmetrically auricled, with a few (4) small teeth on the upper margin, or with slightly

raised or sloping shoulders with 4-6 or more small teeth. To the naked eye the leaf-

margin seems untoothed ; a lens discloses a few (about 5) teeth in the upper third, the

remainder being entire. Teeth consisting of a sharp ascending brown spine on a sliglit

elevation of the margin. Intravaginal scales a little over 1 mm. long. Male and
female flowers on the same shoot.

Male flowers to 4 mm. long, neck of spathe nearly 1 mm. long, shortly bifid at the

top, where it bears a few sharp brown spines
;
perianth fitting closely to the anther, and

meeting in two thickened lips above its apex.

Female floivers about 3 mm. long; ovary closely enveloped by the spathe; neck of

spathe, about 1 mm. long, surrounding the two stigmas.
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Fruit beaked with the neck of the persistent spathe and the remains of the styles

;

2 5 to 3 mm. long without the beak, by "7 mm. in diameter. Spathe very thin and

membranous, and easily peeled off, exposing the pericarp, which clings closely to the seed

and shows about 25 regular rows of squarish or hexagonal markings.

Madagascar—(Bildebrandt, no. 4027; Baron, nos. 333J), 3119).

6. Najas ancistrocabpa, a. Br. ex Magn. Beitr. pp. vii and 2t, t. 3. iigs. 1-5 (1870).

Planta caulibus dichotome ramosis; foliis recurvatis, iis A. mlnoris similibus, sed

minus rol^ustis et angustioribus ; vaghiis truncacis vel rotundatis; Jlore masculo a

spatha ellipsoidea cum coUo breviter cylindrico, ore spinifero, vestito
;
perianthio ad

antheram quadrilocularem arete applicito ; fructii parvo tenui falcato a spatha

persistente incluso, in curvo interiore carinato, pericarpio longitudinaliter striato.

Leaves 1-5-2 cm. long, generally •25-'35 mm. broad, with about 15 teetli on each side;

sheaths with about 5 teeth. Fruit very narrow, curved towards the axis into a semicircle,

much smaller than in ^. minor, protruding from the sheath. Pericarp clinging closely to

the testa and marked out by fine longitudinal and faint transverse lines into regular rows

of areas about twice as lonj^ as broad.

Japan—Yokohama
(
TFichura, no. 813, in part).

A very imperfectly knowm species.

§ 2. American(jB.

7. Najas flexilis, Rostk. & Schmidt. (PI. XL. figs. 92-98.)

N.jQxilis, Rostk. & Sciimidt, Fl. Sedm. 382 (1824) ; Cham, in Liinijea, iv. (:829) 501 ; Kunth, Enura.

iii. 114 (1841); A. Br. in Journ. Eot. ii. (1864) 276; Phytol. iii. (1850) 1088; Sadler in Journ.

Bot. xiii. (1875) 297; Garcke, Iliustr. Fl. Deutschl. 566 (1895) ; Fries in Bot. Notis. 1850, 227;

Nilss. in Bot. JJotis. 1881, 137; G. Aiiderss. Svensk. Vaxtvarld. Hist. 41, t. 32 (1896), & in

Enf,4. Bot. Jahrb. xxii. (1896)467,t. 4. tig. 14; C. A. Weberin Abh. Natnrvv. Ver. Brem. xiii. (1896)

434, &c.; A. Gray, Man. Bot. [ed. 6] 566 (1890); Macoun, Cat. Canad. PL ii. 91 (1888), & in

Canad. Rec. Sci. 1895, 276 ; Moronj,^ in Bot. Gaz. x. (1885) 255, et in Mem. Torr. Bot. Club,

iii. (1893) no. 2, 59, t. 66; S.Watson, in Geol. Surv. Calif. (Bot.) ii. 191 (1880); Jonsson iu

Act. Univ. Lund. xx. (1883-4) 1. 1 ; Britton & A. Brown, 111. Fl. North. V. S. i. 81, fig. 180 (1896).

N. gramlnea, Rostk. ex Link, Handb. i. 287 (1829), non Delile.

N. canadensis, Michx. Fl. Bor. Am. ii. 220 (1803) ; Pursh, Fl. Am. Sept. 602 (1814) ; Cham, in Linn^ea,

iv. (1829) 502; Kunth, Enura. iii. 115 (1841).

Caulinia flexilis, Willd. in Mem. Acad. Roy. Sci. Berl. 1798, 89, t. i. fig. 1, et Sp. PI. \s\ 183 (1805) ;

Pursh, /. c.

C.fragilis, Pursh, /. c, non Willd., probably refers to this species.

Fluvialis flexilis, Pers. Syn. ii. 530 (1807).

Erecta vel suberecta, internodiis tenuibns rigidulis, ramis erectis vel ascendentibus, apiee

sa3pe plumosis ; folds patentibus saepe graciliter recurvatLs, anguste linearibus,

apiceni versus saepe angustatis, acutis vel acutiusculis, marginibus siepe incurvatis

spinalis minutis numerosis ascendentibus instructis ; vaginis superne cum dentibus

paucis subprominentibus munitis ; squamulis intravaginalibus filiformibus, interdum

basi latioribus, vel lanceolatis
;
jloribus solitariis, masculis sub apice ramulorum

fertilium paucis breviter pedicellatis, spatha oblonga, interdum ovali-oblonga, superne

SECOND SERIES.—BOTANY, VOL. V. 3Q
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in collum spiniferum transeunte; autliera uDiloculari tandem in pedicello longo

spatbam oblique praeruptam excedente ;
poUine oblongo ; ovario nudo oblongo, stylo

stigmatibus geminis cum processubus spiniferis binis instructo
; fructu parvo

oblongo, pericarpio ad semen leve conformante ; testa polita, areas autem plus

minus sexangulares parvas numerosas permonstrante.

Slender and graceful in habit, often plumose from the short, spreading, densely-leaved

tufts of brancblets, which in the low-growing forms conduce to a bushy growth. Leaves

1 to 25 cm. long, generally about f mm. broad, with 20 to 36 teeth on each margin and

6 to 13 on the sloping shoulder of the sheath ; margin strengthened by a layer of narrow

elongated hypodermal cells. Intravaginal scales filiform, sometimes broader at the base,

sometimes lanceolate, f mm. long, fertile branches protogynous, a few male flowers

appearing just beneath the aj)ex, while in the lower leaf-axils all stages can be found

between young female flowers and ripe fruit.

Male flowers 2-5 to 3"25 mm. long ; stalk elongating before dehiscence, and pushing

the anther, enveloped by the periantli, through the laterally split spathe.

Female flowers about 2*5 mm. long. Fruit 2*5 to 3 mm.
North-west Europe—Scotland (Loch Clunie, Perth) ; Ireland (Connemara, Oliver and

others : Killarney, More and others) ; North Germany (Binow-See : Parstein-

See); Apland (LakeHederen, i^r«>s) ; Finland (Lake Wesijarvi). Recorded fossil

from recent beds in Hanover, Holstein, S.W. Norway, Sw^eden, and East Einland.

North America— Generally distributed in Canada and the Northern United States. I

have seen specimens from Canada {Macoun, nos. 1437, 4803), (
ClegJiorn) ; British

Columbia (Jf«c?o^f/^) ; Minnesota j Philadelphia (iY«if/a//) ; ^ew Yovk {Torrey)
;

Boston; Maine {Fernald, no. 119); Washington; Iowa (Morong) ; Missouri

{Mackenzie, no. 7Q2) ; New England (Curtiss) ; New Hamjishire (Engelmann)

;

Cincinnati [Clark); Oregon {Lyall),

Var. microcarpa, Nilss. in Bot. Notis. 1881, 147; Hartm. Handb. Skand. El. (ed. 12)
^ 62 (1889).

Planta brunneo-viridis, fructu minore.

Distinguished by its small fruit, which is only 2 to 2 25 mm. long. Perhaps only a

small-fruited form of the type.

Sweden—Lake Bingsjon (Nilsson, and in Schultz, Herb. Norm. no. 1878).

Var. ROBUSTA, Morong in Bot. Gaz. x. (1885) 255, et in Mem. Torr. Bot. Club, iii. no. 2,

(1893) 60 ; A. Gray, Man. Bot. i^ed. 6] 566 (1890).

Planta caule robusto, elongato, sparse ramoso et paucifoliato ; foliis linearibus, planis,

abrupte acutis.

Leaves 10 to 15 mm. long, 15 to 2 mm. broad.

" Pound rising to the surface in still ponds, in water 4 to 6 ft. deep. Sterile plants

only seen."

North America—East Massachusetts ; Michigan ; Texas ( Wright). Not seen.

Perhaps a form of N. microdovi.
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'Najas flexilis is a temperate species which, judging from the increasing num-ier of

localities for its fossil fruits in Northern Europe, was formerly more widely spread than

at present over the cooler parts of the north temperate zone. It is represented in the

warmer parts of America by K microdon, which spreads from the southern Fnited States

through Central America and the West Indies into South America, and as far south as

Uruguay. The two species are very similar in vegetative characters, but can be certainly

distinguished by the fruit, that of J^^ flexilis presenting a polished appearance to the

naked eye, while that of N. microdon shows an evident sculpturing. N. flexilis has

generally a stiffer habit and often a bushy growth, with generally narrower recurving

leaves.

Morong (in Mem. Torr. Bot. Club, iii. no. 2, 59) states that A^ flexilis is dioecious, but

this is not so. The male flowers seem to be produced in fewer numbers than the female.

8. Najas podostemox, Magn. Beitr. p. vii, t. 3. fig. 15, t. 5. figs. 16, 17 (1870), & in

'Ber. Deutsch. Bot. Ges. xii. (1894) 20 ; K. Schum. in Mart. Fl. Bras. iii. pt. 3, 730,

t. 123, fig. 3 (1894).

Planta effusa caulibus elongatis gracillimis flexibilibus rhombeo-dichotome ramosis

;

internodiis inferne elongatis denudatis superne al)breviatis habitum confertum

preebentibus
; foliis anguste linearibus attenuato-acuminatis flexibilibus interdum

recurvatis, membranaceis, manifeste serratis, dentibus cum cellulis pluribus

marginem superantibus, subrepandis ; vagina declivi ten era dentibus 2-3 vel inter-

dum 4 plus minus productis instructa ; squamulis intravaginalibus lineari-subulatis

;

flore masculino manifeste et longiuscule pedicellato, spatha superne in collum

angustum ore spiniferum producta ;
perianthio apice bilabiato ad antheram unilocu-

larem arete apj)licito; flare femineo nudo lageniformi, stylo in stigmata 2-3 tantum

diviso
;
friictu subfusiformi, semine parvo graciliter tessellato, cum seriebus arearum

subelongataruni numerosis exsculpto.

Shoots very long, 30 to 40 cm., or longer, scarcely 1 mm. wide in the lower part.

Leaves generally 7 to 10 (rarely to 14) ram. long, '7 to 1 mm. broad including the

marginal teeth, teeth reaching -3 mm., the lowest larger and more remote, generally

about 10 each side, sometimes fewer, rarely as many as 20. Sheath 1 to 1'5 mm. long,

by 1 mm. or slightly broader at the middle. Intravaginal scales scarcely "5 mm. long.

Male floiver I'D to 17 mm. long including the pedicel (o mm.), neck about '3 mm.,

with 3 to 5 brown spine-teeth at the mouth. ]Magnus states that the flower-stalk

proper may become elongated within the spathe before dehiscence, pushing the flower

out above the spathe. Seed 11 to 1*2 (or according to Schumann nearly 1*5) mm. long,

about '5 mm. at its greatest diameter; testa with 25 to 30 rows of rather shallow,

somewhat elongated areas.

Brazil—Prov. Alto Amazonas, Rio Maranhao (Pohl ; Vanthier),

I am indebted for many of the details in the above description to the descriptions and

figures of Magnus [1. c.) and K. Schumann (/. «?.).

9. Najas microdon, A. Br. (PI. XL. figs. 78-91.)

iV. microdon, A. Br. iu Sitznngsb. Ges. Naturf. Fr. Berlin, 1868, 17 ; Moroiig in Bot. Gaz. x. (1885) 256.

A'ar. guadahipensis, A. Br. /. c.

3q2
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Najas Jtexilis, Griseb. Veget. Karaib. 110 (1857), non Kostk.

"
\2lv. guadalvpensis, A. Br. in Jourri. Bot. ii. {1864) 276.

Yar. fusiformis, Chapm. Fl. South. U. S. 444 (1860) ; Morong iu Bot. Gaz. x. (1885) 256, & in Bull..

Torr. Bot. Club, xiii. (1886) 160.

N. guadalupensis,Morong\n Mem. Torr. Bot. Club, iii. no. 2 (1893), 60, t. 67; K. Schura. in Mart. Fl. Bras,

iii. pt. 3, 726 (1894), t. 124. fi^. 1 ; Britton & A. Brown, 111. Fl. North. U. S. i. 81, fig. 181 (1896).

Qaulin'ta guadalupensis, Spreng. Syst. i. 20 (1825).

Monoica, debilis, diffuse ramosa, iiiternodiis tenuibus, interdiim subfiliformibus
;

foliis

patentibiis, interdum flexuosis, planis vel margine plus ininusve crisp ulatis, lineari-

bus, cum apice obtusiusculo vel plus minus acuto, et margiue spinulis ininutis

numerosis ascendentibus instructa ; vaginis in parte superiore cum dentibus paucis

subprominentibus instructis ; squamulis intravaginalibus angustis, ssepe e basi latiore

filiformibus
; Jlorlbiis masculis solitariis, ssepe breviter pedicellatis, spatlia ellipsoidea

vel ellipsoideo-oblonga cum coUo sub ore spinulis acutis instructo ; antliera quadrilocu-

lari
;
pnlline oblongo ; femineis solitariis vel geminis vel fasciculatis, ovario nudo

oblongo, stylo valido cum stigmatibus saepe duobus, processubus spiniferis binis

superadditis, interdum stigmatibus tribus ; fructu parvo anguste ellipsoideo vel ellip-

soideo-oblongo ; semine ruguloso cum areis subquadratis in seriebus longitudinalibus

15-18 manifeste exsculpto.

Habit very variable, depending on the degree of branching, the diameter of the stem,

the length and breadth of the leaves, and the flat or more or less crisped character of

the leaf-blade.

The long, slender, weak branches bear leaves at fairly regular intervals along their

whole length. Leaveslto 2-5 cm. (often about 1-5) cm. long, by '410 1 mm., often about

'5 or '75 mm. broad ; marginal spine-cells yellow, generally visible only under a lens,

from 20 to 45, according to the length of the leaf, sometimes extremely small and blunt,

at others longer and sharply pointed. The level of the epidermis is sometimes broken

ooly by the spine, sometimes raised slightly about the insertion of each spine. In a

plant from Nicaragua ( Wright) the spines are sometimes supported on a base of 2 to 3 cells

projecting from the epidermis, forming more conspicuous teeth. Leaf-apex with one or

a pair of sharp spines. Sheath 1-5 to 2 mm. long and as broad ; spines on sloping

shoulders 4 to 10, sharply pointed, and borne on a several-celled base. Male Jloioers from
2-3 to 3 mm. long, with a longer or shorter neck, which may reach '0 mm. in lensth.

Female floicers 2-5 to 2-75 mm. long, showing great variety in the number of stigmas and
spine-bearing processes. Fruit in clusters of 2 to 5, narrow, sometimes oblique, fairly

uniform in shape and size ; about 2 mm. long
; pericarp conforming closely to the seed.

The 4- (sometimes 5- or 6-) sided areolie are very plain iu the middle of the seed, becoming
smaller and less distinct on the sides and towards the base and apex.

The most general form of female flower has two more or less ligulate stigmas and a

pair of longer, slender, spine-tipped processes decussating with them ; but there may be 2

stigmas only, or 3 stigmas, or 2 stigmas and 1 spine-arm (a frequent variation), or 1 stigma
and 2 spine-arms, or 3 stigmas one of which bears a brown spine-cell, or 2 stigmas and
a structure \v hich is part stigma, but drawn out on one side into a narrow spine-arm.



EEVISION OF THE GENUS NAJAS. 407

These variations, and especially the occurrence of transitional structures showing both

the irregular pajjilliform surface of a stigma and the uniform ribbon-like character of

the spine-arm, indicate that the spine-arms are only barren stigmas.

In still or flowing water.

North America—Texas (Hall, no. 618 ; Lludheimer, no. 705 ; Brmnmond, no. 436) ;

California, San Francisco [Adoltz) ; West Texas to New Mexico
(
Wright, no. 678)

;

Florida (Chapman).

Central Ajierica—Mexico (Schaffner, no. 227 ; Ilahn ; Mueller, Orizaba ; Schiede,

no. 814 ; Fahyier, Durango, nos. 157, 704, 708) ; Guatemala (JBeruouilli, nos.

206, 818, 1068) ; Nicaragua ( JVrlffht ; Tale, no. 398).

West Indies—Guadeloupe (Diichassalng) ; Cuba
(
TFright, nos. 72, 74, 70, 77 ; Combs,

no. 707); Jamaica (Swartz) ; Porto Ptico (Sudenis, nos. 852, 1060, 2330, 3803).

South America—Caracas (JErnst, no. 4, " in rivulo Caroate ") ; Uruguay, Rio

Fernandez (Niederlein, no. 214) ; Argentina (Ilieronymus, no. 553, " Laguna del

Palmar cerca de San Jose, Oran": no. 745, " Lagunas de Bajo del Manzano,

Provincia de Cordoba ").

Var. curassavica, A. Br. in Sitzungsb. Ges. Naturf. Fr. Berlin, 1868, 17, extensa.

N^flexilis varr. curassavica et Gollmeriana, A. Br. in Jourii. Bot. ii. (1864) 277.

Planta robustior, suberecta, minus et rarius diffuse ramosa ; foliis latioribus sospissime

planis,

A stronger growing plant, 10 to 20 cm. high, the specimen from Florida ( 72 ?<^^Z) alone

having the weakly habit and markedly crispulate loaves of the type. Leaves 1'2 to 2^7

cm. long, generally about 20 cm., 1 to 1'75 mm. broad, generally about 1*5 mm., with 30

to 50 teeth on the margins.

North America—Florida (Huegel).

Central America—Alexico (Schaffner-, Hahn).

W^est Indies—Porto Eico (Sliitems, no. 2533); Cuba (Wright, 605 in Herb. Kew.).

South America—Caracas (Seematin; Gollmer; Ernst, Najades, nos. 1, 2, 5, 1765 «)

;

(Spruce, no. 6456).

It is difficult to draw a hard-and-fast line between the variety and the species, though

most specimens can easily be relegated to one or the other.

10. Js^'ajas punctata, sp. nov. (PI. XL. figs. 99-102.)

N.fiexilis \^v. punctata, A. Br. in Journ. Bot. ii. (1864) 277.

Planta caulibus rigidis, ramis brevibus
; foliis subascendentibus, rigidulis, punctatis, late

linearibus, superne angustatis, nervo centrali consj)icuo, spinis marginalibus mao-nis

cum cellulis binis super marginem elevatis l)asi munitis ; vaginis validis in laminam
gradatim transgredientibus, squaraulis intravaginalil)us lanceolatis

; florihiis solitariis,

masculis A. microdontis, femineis cum stigmatibus binis, processu spinifero iuterdum

superaddito ; fructu

The straight stiff stems, with their short branches, afford a characteristic habit. Leaves

tough and strong, about 18 cm. long and 1-5 mm. broad; sheath 28 mm. broad, with
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about 10 teetli on its sloping shoulders ; blade tapering gradually upward or near the

top only ; the stiff brown ascending spines, about 35, are slightly raised above the margin?

which is strengthened with several hypodermal rows of elongated narrow cells. Intra-

vaginal scales 1 mm. long.

The brown spots which give the leaves their characteristic punctate appearance are

due to the presence of scattered tannin-spcs.

Male flowers 3 mm. long, borne on a short pedicel; female flowers 2 mm.

South America—Caracas, Udora Valencia {Gollmer),

11. Najas microcarpa, K. Schum. in Mart. Fl. Bras, iii. pt. 3, 727 (1894).

*' Caulibus exemplarium exstantium apicem tantum referentium internodiis valde abbrevi-

" atis, ita ut habitus confertus evadat, ramosissimis, rhombeo-dichotomis
; foliis paten-

" tibus subflexilibus, baud curvatis, anguste linearibus acuminatis, cellulis scleroticis

" marginalibus et dorsalibus 0, jam oculo nudo manifeste serratis, serraturis subre-

" pandis 7-10 utraque laminse parte, cellulis pluribus ultra marginem laminae elevatis ;

" vagina declivi serraturis 3-5 utroque latere interdum tali modo ultra marginem
" elevatis ut vagina subciliata evadat

; flore femineo lageniformi, apice in ramos

" stigmatiferos binos, insuper in aculeiferos solitarios vel binos, rarius ternos, desi-

" nente
; flore masculino ; semine ellipsoideo utrinque obtuso in genere minimo,

" seriebus arearum majuscularum exsculpto, cellulis epidermidis in parietibus

" lateralibus gracillime systemate duplici linearum reticulatis."

Specimens only 2 to 3 cm. long, with internodes not exceeding 5 mm. long and about

•3 mm. wide. Leaves reaching 1 to 1"2 cm. long, and, including the teeth, scarcely "5 mm.
broad, dull blackish green or black. Sheaths v^a^ahm^ 1 to 1-2 mm. long, and 1'2 to 1'5

mm. broad ; intravaginal scales scarcely exceeding -5 mm. Female flowers generally

closely croAvded in threes in the leaf-axils (as in ]S\ graminea), 1*5 mm. long, style scarcely

half thf» length. Seed yellow, less than 1 mm. long and half as thick, with about 10 rows

of proportionately large pits, scarcely more than 8 in a row.

VA^AGVAY—{JFed(lell, nos. 2374, in part, and 3289).

Plant not seen. The description is copied from Schumann (/. c), who says that the

sj)ecivi^ comes -near N^microdoii and ]V. coiiferta in the structure of the seed-coat, but

differs from them and all others known in its very small, broadly ellipsoidal seeds, twice

as long as broad. The very narrow leaves and more or less ciliated sheath also afford

distinctive characters.

12. Najas Weightiana, A. Br. (PL XL. figs. 68-74.)
A'. Wrightiana, A. Br. in Sitziingsb. Ges. Naturf. Fr. Berlin, 1868, 17 ; K. Schum. in Mart. Fl. Bras,

iii. pt. 3, t. 123. fig. 1 (sub A^ confefrta).

N_.flexins, Griseb. Cat. PI. Cub. 218 (186G), non Rostk.; A. Br. /. c.

Erecta, caule interdum quoque ramis primariis validis, ramis vel ramulis brevibus dense

foliatis ; foliis tenuibus anguste linearibus obtusis vel subacutis, patentibus, leviter

recurvatis, margine denticulate, denticulis patentibus a spinulis ascendentibus termi-

natis
; vaginis cum dentibus paucis protiiinulis instructis ; squamulis intravaginalibus

brevibus anguste lineari-lanceolatis, sublanceolatis, vel oblongis, et sub apice angus-
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tatis
; florihus masculis solitariis, breviter pedicellatis, spatlia ellipsoideo-oblonga in

coUum apice paucispiniferum desinente ; anthera qiiadriloculari ; femmels a^gre-

gatis nudis, ovario subovoideo, stylo in stiijmata bina partiio ; fructvb parvo sub-

ellipsoideo, semine ruguluso cum areolis subquadratis in ordinibus circa 20 lineato.

The largest specimen, an incomplete shoot, has an almost straight stem 40 cm. high

and 1 mm. in diameter ; internodes very regular, about 2'5 cm. long, becoming sliorter

(2 cm.) near the apex. The short stiff ascending lateral branches increase in length

regularly upward from 1 cm. to 4 cm., decreasing again somewhat towards the apex

;

the branches or their short ascending branchlets are densely leaved ; the spreading, slightly

recurved leaves give a plumose appearance to the whole. Leaves 1 2 to 2*2 cm. long,

4-*5 mm. broad, not including the teeth, which project about half the leaf-width from

the margin, and number between 15 and 20 on each side ; apex ending in a single spine

;

sheaths 2 to 3 cm. long and about as broad, the sloping shoulders of each wdth 5 to 7

rather prominent teeth.

Male flowers 2 mm. long. Fruit little more than 1 mm.

West Indies—Cuba
(
JVright, nos. 78, 605, 3710, pars in Herb. Krug et Urban).

Brazil—Pernambuco {Schenck, no. 4101 ; Ridley).

Var. LAXA, A. Br. in Sitzungsb. Ges. Naturf. Er. Berlin, 1868, 17.

Planta debilis et laxa, foliis quam in typo latioribus, cum dentibus marginalibus ascenden-

tibus et minus prominulis, apice acuminato, vagime dentibus paucis et parvis.

Differs considerably in habit from the type, but the flowers are exactly the same.

West Indies—Cuba (
JVright, nos. 73, 3716, pars altera in Herb. Krug et Urban).

13. Najas coxeekta, A. Br. (PI. XL. figs. 75-77.)

N, conferta, A. Br. in Sitzungsb. Ges. Naturf. Fr. Berlin, 1868, 17; Magu. Beitr. 47 &c. (1870);

K. Schum. in Mart. Fl. Bras. iii. pt. 3, 728 (1891), iu part.

N. arguta var. conferta, A. Br. in Journ. Bot. ii. (1861) 277.

Herba minor ? confertim ramosa et dense foliata
; foUls anguste linearibus subobtusis,

margine valde denticulato, denticulis vix numerosis ascendentibus vel patentibus

laminoe latitudinem excedentibus ; vaginis cum denticulis paucis vix prominulis

instructis ; squamulis intravaginalibus e basi anguste lineari tiliforinibus
; floribm

; fructu anguste ellipsoideo-oblongo, ad semen conformante, testa cum
seriebus arearum angustarum quadrilateralium numerosis longitudinaliter at

obscurius exsculpta, pallide flavescente-brunuea.

Apparently a small plant, characterized by^ bushy growth and very thick foliage.

Leaves 1-2 to 1*7 cm. long, about -5 mm. broad, with 8 to 10 large, irregular, acutely

triangular, patent teeth on each margin. 1 could find no flowers on the specimens

which in my opinion belong to this S2)ecies. Seed narrow, 2 mm. long by '4 mm. in

diameter, slightly narro\\er at the apex than at the base, obscurely marked with

numerous rows of narrow drawn-out recesses.

AVest Ixdies—Cuba {IFright, nos. 75, 3715).

Brazil—(Max von Neuwied) ? Bio Tocantin
( IFeddell, no. 237 1, in part).
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Insufficiently known, but apparently near Najas WrigUiana, to which, I think,

belong some of the specimens assigned to N. conferta by Schumann. It is distinguished

by its narrower, shorter leaves, wdth larger, fewer, and less symmetrical teeth, and longer

narrow fruit.

14. Najas aeguta, H. B. K. (PI. XL. figs. 103, 104.)

N. arguta, H. B. K. Nov. Gen. & Sp. PL i. 371 (1815) ; Kuiith,Eiium. iii. 113 (1841) : A. Br. in Journ.

- Bot. ii. (1864) 277; Magnus, Beitr. p. vi, &c. t. 3. figs. 19-22; K. Schura. in Mart. Fl. Bras. iii.

pt. 3, 729 (1894).

Var. tenera, A. Br. I. c.

N. tenera, Schrad. in Gott. Gelehrfc. Anzeig. ii. (1821) 715.

Caulinia teneUa, C. G. Nees in Neuwied, Eeise Bras. ii. 345 (1824).

" Laete viridis," caulibus gracilibus, ssepe filiformibus, dichotome et diffuse ramosis,

ramulis ultimis plumosis condensatis
; foliis latiuscule linearibus obtusis vel obtusi-

usculis laxiter recurvatis, lamina juxta nervum medianum conspicue tessellata plana,

margine cum denticulis frequentibus sat conspicuis regulariter munito ; vagina late

rotundata prominule et regulariter denticulata; squamulis intravaginalibus angnste

linearibus, subacutis ; floribus masculis cum spatha ellipsoidea sub apice in collum

breve ore spiniferum desinente ; anthera quadriloculari ; ovario nudo lageniformi

superne in stigmata bina et processus 2-3 aculeiferos desinente; '' semine elongato-

iusiformi, pro rata tenui, utrinque acuminato, seriebus arearum elongatarum plurimis

exsculpto."

Apparently a small plant, with a much branched, densely dichotomous plumose habit.

Leaves about 2 cm. long by 1'25 to 1'5 mm. broad ; margin shallowly dentate, teeth

patent, about 20 each side, ^ to ^ the leaf-width, consisting of a several-celled triangular

outgrowth ending in a spine-cell. Sheath 4-5 mm. long, by 4 mm. broad w^hen opened

out, the broad sloping shoulders shallowly denticulate, the teeth (about 10) becoming
smaller down the sides, along which they run for about halfway to the base. Intrava-

ginal scales about '6 mm. long. Male floioer about 1-75 mm. long, the short neck about

^ the length of the whole. Ovary ending irregularly in a pair of stigmas and 2 to o

spine-arms. Seed not seen, but according to K. Schumann (in Mart. PI. Bras. /. c.)

2'5 mm. long, by only "5 mm. in diameter, yellowish.

Tropical South America—New Granada, " prope Mompot" [H. JB. K. I. c.) ; La
Paila (Holton, no. 240) ; Brazil {Spruce, no. 1622) ; Ilhios {Martins) ; Colombia
{Lobb).

§ 3. Euvaginatce.

15. Najas minor. All. (PI. XLL figs. 105-115.)
N^minor, All. Fl. Pedem. ii. 221 (1785) ; Cham, in Linnjea, iv. (1829) 500; Kunth, Enum. iii. 113

(1841) ; A. Br. in Journ. Bot. ii. (1864) 277 ; Roth, Tent. FI. Germ. ii. pt. 2, 500 (1793) (the species is

often quoted as of Roth) ; T. Nees, Gen. PI. Fl. Germ. iii. t. 44, figs. 22-24 (1858) ; Peterm. Deutschl.

Fl. 539, t. 83. fig. C58 m (1849) ; Schkuhr, Bot. Ilandb. iii. 252, t. 296 (1808) ; Garcke, Fl. Nord u.

Mitt, Deutschl. 300 (1849), & Illustr. Fl. Deutschl. 566 (1895) ; Pollini, Fl. Veron. iii. 48 (1824)

;

Bertolini, Fl. Ital. x. 296 (18.54) ; Magnus in Nuov. Giorn. Bot. Ital. ii. (1870) 188; Boiss. Fl.

Or. V. 28 (1884); Hook. f. Fl. Brit, Ind. vi. 569 (1893) ; Franch. & Savat. Enum. PI. Jap. ii. 13

(1879).
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Var. intermedia, Cesati, Compend. Fl. Ital. 204 (1807).

N^alagnensis, Paglia in Att. Soc. Ital. Sci. Nat. s. (1867) 399, non Poll. ; Mase, /. c. xi. (18G8) 0(58.

.V. dichotoma, Roxb. Hort. Eeng. 71 (1814) (nomeu), et FJ. lud. iii. 749 (1832).

N.fragilis, Delile in Descr. Egypte, Hist. Nat. ii. 175 (1813) ; Rostk. & Schmidt, ¥\. Sedin. 382 (1824).

N.heteromorpha, Griff, ex Voigt, Hort. Suburb. Calcutt. 091 (1815) (nomen).

iV. marina, Linn, Fl, Suec. [ed. 2] 345 (1755) (in part, namely synonym from Micheli).

nJ subulata, Thuill. Fl. Paris [ed. 2] 510 (1799).

N.ternata, Roxb. ex Griff. Not. iii. 183 (1851) ct Ic. PL Asiat. t. 252 (1851), may belong- to this

species.

Caulinia fragilis, Willd. in Mem. Acad. Roy. Sci. Berl. 1798, 88, t. 1. fig. 2, et Sp. PI. iv. 182 (1805) ;

Poir. III. Gen. iii. 396, t. 799. fig. 2 (1833) ; Amici in Mem. Matem. c Fis. Soc. Ital. Sci. Modena,

xix. (1823) (Fisica) 235, t. 8; T. Nees, Gen. PI. Fl. Germ. iii. t. 45, figs. 1-11 (1858); Nocca

& Balb. Fl. Ticin. ii. 103 (1821); Parlat. Fl, Ital. iii. 664 (1858).

C. gracilis, Pouzolz, Fl. du Gard, ii. 135 (1862) non Willd.

Cj, indica, "Wall, List, no. 5183.

(7. minor, Coss, & Germ. Fl. Paris, 575 (1845).

Fluvialis minor, Pers. Syn. ii. 530 (1807)

.

Itinera minor, C. C. Gmel. Fl. Bad. iii. 592, t. iv. (1808).

Fluvialis Pisana,foliis denticulatis, J. Bauliin^ Hist. iii. 779 (left-hand fig.) (1651).

Fluvialis minor, foliis angustissimis, denticulatis, deorsum refiexis, fructu acuto, tenuiori, nionospermo,

Micheli, Nov. PI, Gen. 11, t. 8. fig. 3 (1729) (syn. exclus.).

There seerns some confusion as to the plant described and figured as Caulinia intermedia,

Nocca & Balb. PL Ticin. ii. 163, t. 15. The authors state that it is the C. alagnemisy

Poll., i. e. N. graminea, and the description of the marginal teeth as very minute, often

visible only by help of a lens, points to this species, and the " vai^iimla utrinque uniden-

tata " may refer to the characteristic auricles. I liave adopted this view. Cesati (Comp.

Fl. Ital. 204), however, makes it synonymous witli his ^Y. minor var. intermedia and

N. alagnensis, Mase ; while Magnus, in his account of the Italian species of Najas (hi

Nuov. Giorn. Ital. ii. 188) cites it with similar synonymy as N. minor forma intermedia

(Balbis), " folia valde elongata, erectiuscula
;
planta robustior. Talis occurrit in aquis

profimdioribus." Schumann also refers to it (in Mart. EL Bras. iii. pi. 3, 726, footnote)

as belonging to N. minor.

A plant from Padua (Zuccarini), with leaves reaching 2*5 cm. long and -75 mm. broad,

represents, 1 think, this form, to which N. alagnensis of Paglia and of Mase probably

refers.

Monoica, fragilis, valde ramosa, internodiis brevibus vel plus minus elongatis, inermibus
;

foliis e vagina lata linearibus, superne angustatis, falcate recurvatis, margine cum
dentibus patentibus e basi lata spiniferis, laminae latitudinem rarius a^quantibus,

instructa, foliis in plantis laxioribus subflaccidis plus minus elongatis nee recurvatis

;

vaginis truncate rotundatis, siepe asymmetricis, cum dentibus subprominentibus

superne marginatis, rarius plus minus auriculatis ;
squamulis intravaginalibus

angusto-linearibus vel lineari-subulatis obtusis;y/o^v7'^^s> solitariis, masculis sessilibus,

spatha ellipsoidea, in coUum breviter cylindraceum sub ore spinuliferuui desinente,

perianthio apice bilabiate, ad antheram unilocularem arete applicito ; flore femineo

achlamydeo, ovario ellipsoideo, stylo longo cyhndrico, apice in stigmata bina diviso

SECOND SERIES.—BOTANY, VOL. V. 3 B
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fructu oblique lineari-oMongo, sub apice augustato, a pericarpio teuui semini conform

arete circumdato; testa dura brunnea cum seriebus scalariformibus foveolarum notata

The main stem branches immediately above the base. The habit varies according to

the length of the internodes. These may be short and the whole plant small, densely

leaved and bushy with a rounded outline from the apparently regularly dichotomous

branching. Examples of this habit are common, the plants ranging fI'om 4 to 6 cm.

high. A laxer habit results from elongation of the lower internodes, and the bushy

growth is confined to the ends of the longer shoots. In some cases growtli is extremely

lax, and the characteristic dichotomous habit quite disappears.

The plants seen range from 4 to 25 cm. in height or length of shoots. The lovvei-

internodes vary in length from scarcely 1 to 6 or 8 cm., with a maximum breadth of

1 mm. ; their length decreases gradually upward, and at the tips of the shoots the leaves

are closely crowded. Leaves linear-tapering, with a broad sheath, and in the more tyj)ical

forms stiff, bent upward along the midrib and falcately recurved, while the margin bears

a few patent teeth with a broad base ending in an upcurved or ascending spine. Where

the habit of the plant is laxer the leaves are less rigid, longer, tapei'ini^: very gradually,

and not recurved. Sheaths broad, 2 to 3 mm. long, generally truncately rounded, often

asymmetrical, with a few (generally 5 to 7) rather prominent teeth on each shoulder;

teeth smaller from above downward, sometimes continued in a few smaller ones a short

\vay down the sides ; the shoulders are sometimes more or less raised into an auricle on

which the prominent teeth are borne ; the teeth may be more numerous than indicated

above, as many as 18 have been counted on one shoulder, but in such cases there is con-

siderable difference in size between the two sides of the sheath. Blade generally between

1 and 2 cm., but may reach 25 cm., -3 to -5 mm. broad
;
generally with 6 to 10 mar-

ginal teeth, or 12 to 15 in the longer leaves of the laxer plants. The leaf-width and the

proportion of the length of the teeth to it vary considerably ; in the same leaf the

proportion may change from below upward, the length of the teeth, for instance, being

about J of the leaf-width in the lower part and f in the upper, or nearly equal to it.

Their length is generally between J and J the leaf-width, but may even exceed the latter.

There are generally no teeth on the back, but occasionally the thickened midrib bears a

few small teeth. The apex ends in one or a pair of spiny teeth. Intravaginal scales

from '75 to scarcely 1 mm. long.

Flowers protected by the leaf-sheath ; male and female often found in successive leaf-

axils. Male about 1*5 mm. long before elongation of stalk preceding anther-dehiscence.

Spathe ellipsoidal, elongated below, and ending above the perianth in a shortly

cylindrical neck, irrregularly spiny-toothed at and beneath the mouth; perianth

closely investing the shortly-stalked, ellipsoidal anther, above which it terminates in a

pair of thick closed lips. Anther-wall delicate, enclosing the rounded or subelliptical

pollen-grains When dehiscence is about to occur, the axis elongates and pushes the

flower through the neck of the spathe, which becomes longitudinally split ; the lips of the

perianth separate and the pollen from the ruptured anther escapes through the aperture

;

length of dehiscing flower 2 mm. Female flowers about 2 5 mm. long, of which the

sessile ovary occupies about a third ; style long, almost cylindrical or slightly tapering,
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ending in two unequal stigmas. Fruit 2 to 3 mm. long, about 6 mm. broad. Seed

with 12 to 18 longitudinal rows of transversely-elongated ladder-like pits, in dried plants

plainly visil)le through the pericarp. The slight want of symmetry between the two
sides of the seed and fruit is due to the raphe, which is conspicuous in the lower lialf of

one side of the seed.

Europe—Generally distributed over the southern lialf of the continent from France

through Switzerland, Southern Germany, Austria-Hungary, to South Russia;

found also in the Spanish, Italian, and Grecian peninsulas. Seeds recently found

fossil by Mr. Clement Reid at West Wittering in Sussex (pleistocene) and in the

Cromer forest-l)ed at Pakeheld (preglacial).

Asia Minor—Near Rhize, Trebizond (Balcmsa).

Syria—Bishet-er-Ram {Fost) .

Kurdistan—Between Erbil and Altun-Kupri [Haussknecht).

Persia—Ispahan, Karmanshah (Maussknecht).

Afghanistan (Griffith, no. 5 in Herb. Kew. ; a very lax form).

India—Bengal, Mahanuddeo {Hook. f. ^ Thomson)
, {Griffith, no. 5f»09 1 in part)

;

Serampore {Griffith, no. 15G52) ; Moulniein (Pam'A) ; Poiidicherry (P<?rro/^^(?^)

;

Madras {Wall. List, no. 45183, in part).

BuRMAH—Pegu {Kiij^z, nos. 3295, 3309). N.heteromorpha, Griffith ! (no. 5609/4 in

Herb. Kew.) is a lax elongated form.

Malacca {Griffith, nos. 5609/5, 5609/7).

Manchuria—Near Kiu Chau {Neioson)

.

Africa—Libyan desert. In a spring at Bauiti {Ascherson, no. 498). Amucli broken

fragment.

Var. SPiNOSA, var. nov.

Planta foliis anguste linearibus, inargine et dorso valde dentatis, dcntibus marginalibus

patentibus laminae latitudinem subajquantibus vel vix ])revioribus ; fructu brevi.

Leaves rigidulous, 2 to 2' 5 cm. long, with about a dozen spreading triangular teeth on

each margin, tipped with a simple, ascending, brown spine, and almost as many subequal

or slightly smaller teeth on the thickened midrib. Sheaths truncate, with several teeth

on the upper margin. Seed 1*5 to 1*75 mm. long, narrowly ellipsoidal-oblong, tapering

at the tip ; testa with about a dozen rows of well-marked scalariform pits, replaced on

the raphe by 4 rows of small, regular, quadrate ones.

India {Wight, no. 2793).

16. Najas Kurziana, sp. nov. (PI. XLI. figs. 116-121.)

Herbula monoica gracillima, foliis tenuibus anguste linearil)us planis, margine cum
denticulis minutis numerosis instructo ; vaf/lnis breviter auriculatis, auriculis

superne spiniferis ; squamulis intravaginalil)us subiilatis ; Jlorihus aggrogatis

;

spatha mascula ellipsoidea, apiee subbreviter rostrata, ore aculeifera ; anthera uni-

ioculari (?) ; ovario nudo ellipsoideo, stylo in stigmata duo diviso
; fructu parvo

ellipsoideo-oblongo ad semen conformante ; testa in seriebus circa 16 areolamm

quadratarum conspicue lineata.

3r2
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Apparently a very small plant ; internodes less than '3 mm. broad ; leaves about

15 mm. long by about J mm broad, with 20 to 30 small teeth, recalling those ol Najas

grmninea, consisting of an ascending short spine-cell supported on a very low shallow

projection of the margin. Sheaths about 15 mm. long and not quite as broad ; auricles

low and rounded, beset on the upper edge with 4-5 sharp erect spine-teeth. Intravaginal

scales '6 mm. long. 3Tale flowers about 1 mm. long; spathe ruptured laterally on

dehiscence by the elongating flower-stalk, anther splitting at the top into two recurving

lobes. Ocary with style and stigmas a little over 1 ram. long. Fruit 1 mm. long

;

testa plainly marked with about 16 rows of square pits, becoming small and narrow next

the raphe and irregular towards the ends.

Described from a fragment kindly sent from Calcutta by Dr. Prain,

India—North Bengal, between Kishenganj and Oolabena {Kurz, in Herb. Calcutta.)

17._Najas tenuissima, A. Br.

N. temnssima, A. Br. ex Magnus, Beitr. 24, 45, t. v. figs. 13, 14 (1870).

N. minor var. tenuissima, A. Br. in Journ. Bot. ii. (1864) 277.

Laxissima, ramis ssepius longis, tenuibus, laxiter foliosis
; foliis longis tenuissimis et

setaceis, patentibus vel subascendentibus, dentibus marginalibus vix protrusis cum
aculeo ascendente terminatis ; vaglnis N, minoris subauriculatis et cum dentibus

paucis prominentibus instructis ; squamulis intravaginalibus parvis anguste

linearibus ; floribus ut in N. mino7^e
; fructu ellipsoideo cum pericarpio tenui a

semine mox separabile, hoc anguste ellipsoideo ; testa levi, areolas autem longas

angustas quadrangulas permonstrante.

Plants with generally long, slender, straggling, laxly-leaved shoots from 12 to 22 mm.
high, sometimes much smaller, one fruiting plant being only 5 cm. high. Internodes

•5 mm. or less in diameter, the lower 4 to 25 cm. long. Leaf-sheath with rounded sub-

auricled shoulders, bearing each a few (4 to 6) prominent teeth ; about 1-75 mm. long.

Blade very narrow, linear, about 12 mm. long by '25 mm. at its greatest breadth in the

lower part ; teeth about 8 on each margin, projecting but slightly, and terminating in a

sharp, ascending, brown spine. Intravaginal scales '4 mm. long. Fruits solitary or

geminate in the leaf-axil, subsessile, 2*7 mm. long without the persistent style, 75 mm.
broad. The thin pericarp is easily separable from the seed and shows no markings.

Seed narrowly ellipsoidal.

PiNLAND—Prov. Tavastland, lake Wesijarvi {Norrlin); nearBorga, "in aqua stao-nante

' Moren ' appellata " {Scelan) ; both in Herb. Berlin.

18. Najas gracillima, Magnus. (PI. XLI. figs. 122-125.)

N. gracillima, Magnns, Beitr. 23 (1870) ; Morong in Mem. Torr. Bot. Club, iii. (1893) no. 2, 61, t. 68

i

Britton & A. Brown, 111. Fl. North U.S. i. 81, fig. 182 (1896).

N. indica var. gracillima, A. Br. ex Engelm. in A. Gray, Man. Bot. [ed. 5] 681 (1868).

Planta gracillima, caulibus filiformibus elongatis
; foliis planis, angustissime linearibus,

superne attenuatis vel subsetaceis; margine infcrnc Integra, superne denticulis

spiniferis ascendentibus vix prominulis distantibus instructa; caginis longi;^

subcylindricis, auriculatis, auriculis brevibus latis irregulariter grosse-dentatis

,
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squamulis intra vaginalibus anguste lineari-subulatis ; florihus in ramulis brcvibus

diclinis ; spatha niascula oblonga, superne in collum breve, ore longe spiniferum,

attenuata; ovario nudo suboblongo, stylo cylindrico, in stigmata duo diviso; fructu

lineari-oblongo ; semine ruguloso cum areolis quadrilatcralibus clongatis in sericbus

numerosis lineato, raphe valde distiiicta.

Plants slender and delicate, 10 to 10 cm. high according to Mouong ; stems almost

filiform, branching from the base, rooting at the nodes ; branches spreading. Lower
internodes 1-5 to 4 cm. long, diminishing to about 1 cm. a few centimetres below the

apex. Leaf-blade often at an angle with the well-developed sheath, generally 2 to

2'5 cm. long, but reaching 3 cm., and scarcely '25 mm. or less in width. Apex ending

in one or two sharj) spines; margin with about 7 or 8 distant teeth, absentfrom the lower

part ; teeth small, projecting slightly, consisting of sharp ascending spine-cells raised

above the margin on two cells or on a shallowly triangular few-celled process. Sheaths

1'5 to 2*5 mm. long, auricles bearing 4 to 6 large, irregular, brown-spine-bearing teeth.

Intravaginal scales about '75 mm. long.

Flowers borne on short axillary shoots, male and female occurring on the same shoot.

Male 1'5 mm. long ; spathe oblong, narrowing below and passing above into a narrowly

obconical neck, the mouth of which bears several (4) long, sharp, brown spines
;
perianth

as usual, as also dehiscence of anther on elongation of the pedicel. Ovary about 2 mm.
long ; one of the two stigmas was on one occasion seen to end in a brown spine. Fruit

subsessile, 2'6 to 33 mm. long, narrowing at the a2)cx and slightly falcate, crowned by

the withered style ;
pericarp when dry thin and membranous, conforming closely to the

seed. Testa bearing numerous longitudinal rows of four-sided areolae, about twice as

long as broad, becoming fewer and irregular at the ends.

Eastern United States—Rhode Island [Lenormand) ; Albany (Engelmami)
;

Missouri {Engelmami) ; Bristol, Pennsylvania ; Boston (Booth).

19. Najas Kingii, sp. nov. (PL XLI. figs. 126-131.)

Monoica, ramis longis effusis apice dense ramulosis
; follis longis lineari-angustatis,

margine cum dentibus ascendentibus pluribus obtuse triangulis aculeiferis, laminae

latitudinis dimidium aequantibus vel brevioribus, instructa, nervo mediano et lineis

brevibus horizontalibus conspicuis ; vagmis magnis, marginibus late imbricatis, basi

attenuatis, superne truncate rotundatis et dense dentatis ; squamulis intravagin-

alibus minutis, e basi latiore filiformibus
;
Jloribus illis N. foceolatce similibus

;

fructu parvo ellipsoideo, jicricarpio tenui ad semen flavum conformante, testa cum
areolis parvis subsexangulis manifeste notata.

A unique specimen. Shoots long, straggling, ending in a dense bushy growth ; lower

internodes 3 to 4 cm. or more long, generally about 7 mm., sometimes nearly 1 mm., in

breadth. Leaves reaching, without the sheath, 3*5 cm. in length, with a width of '75

mm. in the lower part ; apex uni- or bidentate ; each margin with 16 to 19 teeth,

consisting of a small obtusely triangular outgrowth ending in a dark brown sharp spine.

Sheath large and broad, with overl apping edges broadening upward from the base ; upper

margin truncate, with broadly rounded shoulders bearing generally 10 teeth, which
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become gradually smaller near the edge ; length 2 to 25 mm., breadth at the top 1-5 to

2 mm. Intravaginal scales scarcely '5 mm. long.

Mowers solitary, male and female occurring on the same shoot. Male sessile, 2-3 to

2-6 mm. long, about the same length as the protecting leaf-sheath. Spathe ellipsoidal,

ending in a cylindrical neck about -5 mm. long, which bears at the mouth numerous

pointed spines; perianth fitting closely to the ellipsoidal quadrilocular anther, above

which it ends in two thickened lips. Ovary naked, 2-5 mm. long. Stigmas two. Fruit

•75 to 2 mm. long. Testa plainly marked with about 30 rows of small subhexagonal

pits.

SoiTTH AiN-DAMAN—Navy Bay Tea Gardens {King, in Herb. Calcutta).

Distinguished from Najasfoveolata by its broad, truncately-rounded sheath, and small

fruit.

20. Najas lacehata, sp. nov. (PL XLI. figs. 132-138.)

Dioica (?), rigidula, ramis dichotome ramulosis
; foliis ascendentibus linearibus, superne

angustatis, planis, adultis a nervo mediano et lineis transversalibus percursis, dorso

carina dentata instructis ; dentibus marginalibus numerosis patenti-ascendentibus,

laminse latitudinis dimidium sequantibus vel minoribus ; vaginis subcylindricis

auriculatis, auricnlis grosse- et paucidentatis ; squaniulis intravaginalibus lineari-

subulatis ; floribtis masculis solitariis, spatha lacerata, anthera quadriloculari

;

fiore femineo . . . , ; fructu

Shoots dichotomously spreading to 15 cm. long ; basal intcrnodes 3 to 5 cm. long,

becoming shorter above, subcompressed, "7 mm. or less in width. Leaves to 2'5 cm. long

by about 5 mm. broad below ; teeth about 12 each side, more prominent and ascending

in the shorter young leaves at the tips of shoots. Sheaths 2 to 3 mm. long and about as

broad or slightly narrower, the top of the rather broad auricle deeply cut into (generally)

2 to 4 spiny-tipped teeth. 3Iale floioer 2'75 mm. long, the spatlie deeply cut into

irregular segments bearing one or more brown spines.

India—Tinnevelly [Beddome, no. 8202, in Herb. Mus. Brit.); Madras {TFight, in

Herb. Kew.) ; Bengal, Upper Cobaduc, Zillah Jessore [Clarke, no. 4366) (no

flowers present, but apparently conspecific).

21. Najas foveolata, A. Br. (PI. XLI. figs. 139-144.)
N. foveolata, A. Br. ex Magnus, Beitr. p. vii (1870).

N. indica, Zoll. Syst. Verzeichn. Heft 1 & 2, 74 (1854), non Chamisso.

Monoica, ramis elongatis patentibus, plus minus dichotome et superne dense ramulosis

;

internodiis tenuibus brevibus vel elongatis
; foliis ssepius ascendentibus, linearibus,

superne valde angustatis vel setaceis, planis, cum nervo mediano distincto et dentibus
marginalibus saepius ascendentibus parvis subtriangulis longe aculeatis, in basi

lammse rarioribus, instructis; vaginis subanguste cylindrieis, utrinque breviter
auriculatis, auriculis latis paucidentatis; squamulis intravaginalibus anguste line-

aribus
; Jloribus solitariis, masculis breviter pedicellatis, spatha valde rostrata ore

aculeifera, anthera quadriloculari ; ovario ellipsoideo cum stylo angusto stigmatibu&
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duobus terminato ; fruotu ellipsoideo, pericarpio tenui ad semen conformante

;

testa cum areolis distinctis in medio subquadratis in serie longitudinali notata.

Plants with spreading shoots, 16 to 20 em. or more in length, Avith a greater or less

tendency to a dichotomous form of branching, producing in the higher grades a more or

less bushy growth. Internodes varying very much ia length
;
generally 3 to 4 cm. long

in the lower part of the shoots, becoming much shorter above; in lax specimens longer,

in close-grown specimens shorter ; diameter generally about '5 mm., but may reach

'75 mm. Leaves thin, ascending, or the lower ones more spreading ; the larger with

short lines running horizontally towards the margin ,
1-5 to 3-5 mm. long by '3 to nearly

1 mm. broad. Sheaths generally 2'5 to 3 mm. long, auricles bearing a few (i- to 6)

spiny teeth above and on the outer edge. Marginal teeth generally ascending, rarely

patent, consisting of a small subtriangular outgrowth of the leaf-surface, terminating in

a slender sharp spine ; 6 to 20 on each side, often scarce in the lower part of the leaf.

Male and female flowers on the same shoot; male 25 to 275 mm. long; spathe

ellipsoidal, ending in a cylindrical beak ^ to ^ of the whole length, terminating in a

fringe of slender, sharp, brown spines; perianth bilabiate, closely fitting to the anther, as

in Najas minor, the thickened lips meeting at the top ; pollen-grains oblong. Dehiscence

as in N. minor. Eemale naked and sessile, 2 5 to 3 mm. long; one of the stigmas

occasionally terminating in a brown spine. Fruit 2'25 to 25 mm. long. Seed plainly

marked with about 20 rows of quadrate to polygonal pits. In the middle of the seed the

markings are more regular, subquadrate, and about as broad as long ; above and below

they become less regular and polygonal.

India—Bengal {Kurz ; Clarke, no. 31870) ; Rajpore Jheels {Kurz) ; Calcutta Jheels

(Thomson); Gwalior {Maries) ; Behar {Rook.f. no. 639).

SuMBAWA {Zollinger, no. 3398).

TiMOE—Koepang {Martens, Naiimann).

Philippines—(Commerson) ; Manila {3feyen)', {Barthe, {[.el fundo dc la laguna de

Bay, ' Voyage de la ' Sibylle ' ')•

Moluccas—In lacu prope Gorontales.

Japan (?)

—

{Miquel, a doubtful fragment, with young flowers only, in Herb. Berlin).

Var. MINOR, var. nov,

Planta foliorum dentibus minus conspicuis ; fructu minore.

Besembles the type in habit, but the teeth on the adult leaves are only about f to ^ of

the leaf-width. The leaves reach about 2 cm. in length, wdth a breadth of nearly -5 mm.
just above the sheath, tapering to -3 mm. below the apex. Sheath-auricles rather long

and sometimes falcate. Seed ellipsoidal, brown, 1*5 mm. long, with 11 rows of large con-

spicuous, more or less irregularly quadrate, or polygonal markings, becoming smaller

near the raphe.

Western India—Kaktee tank, near Belgaum (Herb. Calcutta).

22. Najas talciculata, A. Br. in Journ. Bot. ii. (1861) 278 ; Hook. f. PI. Brit. Ind.

vi. 569 (1893). (PL XLII. llgs. 145-151.)

Monoica, graminosa, caulibus tenuibus elongatis erectis, ramis brevibus ascendentibus

;
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foliis anguste linearibus, sub apice bispinnloso angvistatis, planis, dentibiis margin-

alibus parvulis ; vaginis aiiriculatis, auriculis ssepe falcatis, paucidentatis
; Jloribm

solitariis, masculis breviter pcdicellatis, spatba rostrata ore aculeifera ; ovario nudo,

stylo stigmatibus duobus temiinato ; fructu anguste oblongo, pericarpio (sicco)

tenui ad semen conformante ; testa cum areolis quadratis minutis numerosis

longitudinaliter notata.

Of slender grass-like habit ; internodes 2*5 to 3 cm. long, becoming shorter near the

densely-leaved tips of the shoots, '5 to Q mm. broad.

Leaves 1"6 to 2 cm. long by -5 to "6 m.m. broad ; marginal teeth J to ^ the leaf-width,

18 to 25 on each margin at regularly decreasing intervals from base to apex. Sheath 2

by 1*5 mm., raised into longer or shorter auricles, which are often falcately curved, and

entire on the inside, with 3 to 5 teeth on the outer edge. Intravaginal scales subulate,

•6 mm. long. Spathe of male flower ellipsoidal, narrowing into a somewhat shorter neck,

ending in a few unequal teeth. Pericarp conforming to the seed, which is ellipsoidal,

oblong, flattened along the raphe, about 2 mm. long, with about 30 rows of small,

regularly quadrate, thick-walled pits.

India—Madras
(
Wight) ; Tuticorin ( Wight, herb, propr. no. 1217) ?

Java.—[Horsfield).

Philippines—Manila (Martens),

A very doubtful species, of which more material is needed. Evidently near N.foveolata,

l)ut distin2:uished bv the smaller leaf-teeth and smaller and more numerous markina^s on

the testa.

The specimens from Tuticorin are included with some doubt. They are old and

much broken, with imperfect leaves, and bear no flowers. The ripe seeds are ellipsoidal-

oblong, 1*5 mm. long. They may represent a small-fruited variety.

23. Najas brevisttla, sp. nov. (PL XLII. figs. 152-157.)

Monoica, ramis tenui bus elongatis apice subdichotorae ramulosis, ramulis brevibus dense

foliatis ; foUis rigidulis e vagina auriculata dentata subfalcat.^ recurvatis, lamina

lineari superne angustata, margine cum dentibus ascendeiitibas, e basi lata

spiniferis, laminae latitudinis dimidium sequantibus, instructa ; squamulis intra-

vaginalibus lineari-subulatis
;
jlorihus in ramulis brevissimis axillaribus aggregatis, at

perpaucis ; anthera eHipsoidea quadriloculari breviter stipitata cum spatha collo

cylindrico spinifero terminata involuta ; ovario nudo cUipsoideo cum stylo brevi

cylindrico, apice in stigmata bina diviso
; fructu parvo ellipsoideo cum stylo diu

persistente rostrato ; testa brunnea cum areolis subquadratis manifeste lineata.
'

A delicate plant with long, slender, spreading shoots, brittle when dry, the lower inter-

nodes reaching 2-5 to 3'5 cm. long by -3 mm. or a little more in width. Tips of shoots

subdicbotomously branched and densely leaved ; short and leafy branches spring from

the main shoot. Leaves at lower nodes elongated, 2 cm. long by '3 mm. broad, on the

branchlets only about 1 cm., long ; sheath cylindrical, 1*3 to 2 mm. long, including

auricles, which are generally short, but sometimes two-fifths as long as the sheath, and
bear several, generally 3 to 7, erect spiniferous teeth ; blade tapering gradually upward,
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with 10 to 22 marginal teeth, consisting of a sharp ascendinc^ spine on a shallowly

triane^ular base. Intravai?inal scales '5 mm. loner. Flowers on very short shoots on the

branchlets, each with a few flowers ; male and female occur on the same shoot, Male
1"8 mm. long, anther dehiscing in the iisiial way ;

pollen-grains oblong. Female

probably about the same length before pollination, characterized by the stout cylindrical

style and short, generally unequal, stigmas. Fruits usually in pairs on the reduced

fertile shoots, about 1 mm. long, the thin pericarp, in the dry state, closely conforming

to the testa and showing about 20 rows of well-marked squarish pits.

India—Assam [Jenkins, in Herb. Kew.) ; Calcutta (Herb. Hook. 1867).

24. Najas tenuifolia, E. Br. (PI. XLII. figs. 158-162.)

N^tefiuifolia, R. Br. Prodr. 345 (1810) ; Kunth, Enura. iii. 114 (1841) ; Benth. Fl. Austral, vii. 181

(1878).

N. graminea var. tenuifolia, A. Br. in Journ. Bot. ii. (18(54) 278.

Planta caulibus s^pe erectis vel basi repentibus, ramis brevioribus ascendentibus, saepe

magis elongatis et laxius foliatis
; foliis planis ascendentibus, anguste linearibus,

acutis, vel, setaceis, margine denticulis numerosis ascendentibus instructa ; vagina

angusta longe auriculata ; sqiiamulis intravaginalibus subulato-filiformibus
;
jlorihus

solitariis, masculis breviter pedicellatis, spatha ovoidea in collum breve ore longe

spiniferum desinente, anthera quadriloculari ; ovario nudo, stylo cylindrico in

duo stigmata diviso
;
pericarpio ad semen oblongum vel ellipsoideo-oblongum arete

applicito ; testa in areolis minutis quadratis regulariter lineata.

Plants often between 11 cm. and 24 cm. high, apparently erect from the base or

creeping and rooting at the lower nodes, the ascending branches shorter than the main

stem, and giving the w'hole a spreading tree-like habit, more or less dense above ; the

lower internodes 2 cm. long by '75 mm. broad, becoming gradually shorter to 1'5 cm. in

the upper part, and filiform. Often, however, the shoots are longer (to 32 cm.), spreading

laxly and flexuose, with internodes 4 to 5'5 cm. long, diminishing to 25 to 1*5 cm. a few

centimetres below the apex, with a width of from "7 mm. below to '5 mm. or less

above. Leaves weak, thin, flexuose, tapering to an acute apex, often setaceous above,

2'5 to 3'5 cm. long by 5 to '75, or nearly 1 mm. greatest breadth. There is a row of

long, slender, colourless fibres beneath the epidermis at the margin, which bears on each

side generally 18 to 20 slightly projecting teeth. Sheaths small and narrow (3 mm.
long), bearing large triangular auricles more than a third of the whole length, with

numerous subprominent suberect teeth, chiefly on their outer margin. Intravaginal

scales "75 to '8 mm. long.

Male floicers very rare (only one found after repeated search) ; spathe close-fitting,

neck with several long sharp spines at the mouth ; anther apparently four-celled.

Female flowers 2 mm. long, the short ellipsoid ovary passing into a tapering cylindrical

style. Fruit, when dry, consisting of a membranous pericarp bearing the withered style.

Seed 2*3 mm. long by '5 in diameter; raphe prominent in the lower half; testa with

about 30 rows of small quadrate areolae with thick separating walls, arranged in regular

longitudinal series ; near the tip and the raphe they become polyhedral and less

regular in shape.

SECOND SERIES.—BOTANY, VOL. V. 3 S
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Australia—Cavera Is., Gulf of Carpentaria {E. Brown, 1803); Richmond, New

South Wales [Caley, 1803 & 1804); Nepean Kiver (Woolls); Port Mackay,

Queensland [Tyson).

25. Najas Browniana, sp. nor. (PI. XLII. figs. 163-167.)

*' Herba aquatica graveolens odore Charce vulgaris " * ; caulibus debilibus ramosis,

internodiis filiformibus
; foliis tenuissimis, margine saepe involuto denticulis minutis

distantibus instructo ; vagina anguste cylindrica, breviter et late auriculata, auriculis

obtusis subproniinenter paucispinosis ; squamulis intravaginalibus subulatis
;

florihvs in ramulis brevibus aggregatis, niasculis breviter pedicellatis solitariis, spatha

suboblonga in coUum breve cum ore obliquo spinifero desinente, ovario nudo ; stylo

superne attenuato in stigmata longa duo diviso ; semine ellipsoideo, testa in areolis

quadrilateralibus numerosis subirregulariter lineata.

Shoots 15 cm. long, copiously branching ; internodes 1 cm. long or less. Leaves

1*5 to 2 cm. long by one-sixth of a millimetre or less in breadth, very weak, filiform,

often with incurved margins for the greater part of their length; margins wdth 10 to 15

slightly projecting subascending spines, often broken off or absent, except in the upper

part ; apex ending in a sharp spine. Sheaths 1'6 mm. long. Intravaginal scales about

'5 mm. long. Young leaves very delicate, transparent and flat.

Floicers : several crowded together on short lateral shoots ; male flowers few, apparently

solitary near the top of the shoot, 12 mm. long ; spatlie Avith a short cylindrical neck

with an irregular spinuliferous mouth ; anther enclosed in the perianth, shortly stalked,

ellipsoidal-oblong ; female flowers : several close together at successive nodes, about

1-75 mm. long, consisting of a short ellipsoidal ovary passing into a tapering style

;

stigmas subequal or sometimes unequal. Frtiit -with a thin pericarp crowned with the

withered style, and conforming closely to the ellipsoidal seed. Seed 1*5 mm. long by
4 to '5 mm. in diameter ; raphe prominent ; testa with about 25 rows of somewhat
irregular four-sided areolae, rather longer than broad in the middle of the seed. The
areolae are larger and more irregular tlian in K tenuifolia, and the seed is smaller

and proportionately broader.

:N'orth Australia—Cavern Is., Gulf of Carpentaria [li. J3rown, Jan. li, 1803).

26. Kajas Leichhardtii, Magnus. (PI. XLII. figs. 168-171.)

N. Leichhardtii, Magnus, Beitr. 46, t. viii. figs. 1-8 (1870).

Foliis in parte inferiore crassiusculis superne, planis, flexuosis, margine cum dentibus
prominentibus instructa

; vagina angusta valde auriculata ; squamulis intravaginali-

bus subulatis
; florihus solitariis, mascuKs cum spatha ellipsoidea in collum longum

ore spinosura desinente, anthera quadriloculari ; ovario undo, anguste ovali, stylo

in stigmata duo diviso; fruotu

A fragment consisting of a shoot 12 cm. long, with a few short branches ; internodes
diminishing from 3-5 cm. to 7 cm., -5 mm. in width. Leaves I'S to 25 cm. long by '2

* R. Brown, MS. iu Herb. Mus. Brit.
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to 4 mm. broad, with 10 to 17 marginal teeth, which are relatively large triangular out-

growths capped with a sharply-pointed spine-cell, and often equal in length to the leaf-

width ; there are no hypodermal strengthening fibres. Sheaths 3 '3 to 3*5 mm. long ;

auricles about J the length of the whole, with 3 to 5 suberect ii^eWi on the narrow ajiex

and outer margin, and sometimes continued for a short distance down the sheath-margin.

Male flowers 3 mm. long ; the narrow neck of the spathe ends in a few long sharp spines

;

the two lips of the perianth are large and conspicuous. Female flowers 3*25 mm. long,

the slender style dividing into tw^o long narrow-linear stigmas. Fimit absent.

Australia—{Leichhardt).

Very near Ncijas tenuifolia, but, so far as it is possible to judge from the very scanty

material, distinguished by its more prominent leaf-teeth, and the longer neck of the male

spathe.

27. Najas AUSTiiALis, Bory. (PI. XLII. ligs. 172-176.)

iV. australis, Bory ex Cham, in Linnaea, iv. (1829) 501.

N. minor var. indica, A. Br. in Journ. Bot. ii. (1864) 278, in part.

Caulinia alternifolia, Willd. ex Cham. /. c.

Planta laxissima, ramis tenuibus elongatis, internodiis sagpe tiliformibus
; foliis lomris

anguste linearibus, superne angustatis et subsetaceis, ascendentibus, debilibus, in

siccis flexuosis, nervo mediano cum lineis horizontalibus in foliis validioribus

conspicuis, dentibus marginalibus breviter triangnlis, superne magis prominentibus

;

vaginis ssepe cylindricis, superne late rotundatis et dentibus minutis numerosis

instructis ; squamulis intravaginalibus anguste linearibus obtusis ; florihus masculis

; femineis brevibus vagina inclusis ; ovario nudo ellipsoideo, stylo brevi in

stigmata duo diviso
;
fructu anguste ellipsoideo, pericarpio semen rugulosum arete

includente ; testa areolis minutis quadratis regulariter notata.

A very lax plant, with a grass-like, more or less strict habit, or sometimes diffuse.

Shoots long and slender, reaching 50 cm., and probably more ; lower internodes 3 to 8

cm. long, "75 to I'S mm. broad, becoming much shorter above, lo to 1 cm., and scarcely

•5 to •3mm. broad. Leaves, when dry, flexuose or curled; lamina o:enerallv 2 cm. lono:

by '3 mm. broad, sometimes reaching 3'5 cm. by -6 mm., each margin bearing about 12

teeth, or sometimes as many as 18, which are shortly projecting, shallowly triangular

outgrowths, ending in an ascending brown spine, the whole \ to f of the leaf-width in

the lower part of the lamina, becoming more prominent above as the leaf-width

diminishes. Sheaths 35 to 5 mm. long by 2 to 3 mm. broad, when opened out, usually

with broadly rounded shoulders bearing numerous (10 to 16) small teeth, Intra-

vaginal scales tapering slightly to a blunt apex, '75 mm. long. Male floioers absent.

Ova7^y 1-75 mm. long. Fruit 2-75 mm. long, pericarp closely enveloping the seed,

which is marked with about 25 regular parallel rows of square areohe, not visible on the

raphe.

Very near the Malayan N.foveolata, but distinguished by the very lax habit, rounded

leaf-sheath, and slender seed with smaller markings.

3s2
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Mauritius—{Bory de St. Vincent ; Commerson ; Hohilliard ; Johnston, Riviere de

Motra ; and others).

Bourbon—(In Herb. Link.).

Madagascar—{Baron ^ no. 2629 ; Hmnhlot, no. 351).

28. ^^AJAS SETACEA, sp. nov. (PI. XLII. figs. 177-182.)

N. minor var. setacea, A. Br. in Jourii. Bot. ii. (1864) 278.

Debilis, caulibus filiformibus
; foliis setaceis, linearibus, cum apice obtuso et margine

minute denticulato, in parte ioferiore ssepius integro ; vctginis subcylindricis late

auriculatis, auriculis paucidentatis ; squamulis intravaginalibus lineari-acuminatis
;

floribiis masculis . . . . ; ovario nudo ellipsoideo, stigmatibus duobus
; fructu parvo

oblongo, pericarpio tenui ad semen rugiilosum adhserente ; testa cum areolis quadratis

minutis numerosis subdistincte lineata.

Shoots weak, with filiform internodes generally 1'5 to 2-5 cm. long. Leaves, including

the sheath (225 mm.), I'i to 1*7 em. long by -3 to -4 mm. broad, very narrowly setaceous,

uniformly linear, tapering very slightly at the blunt 1-2-dentate apex ; marginal teeth

20 to 30, very small, consisting of an ascending spine raised but slightly above the leaf-

margin ; they are generally w^anting in the lower part, and are often broken off from

older leaves. Sheath passing into well-marked broad auricles, tbe margin of which is

broken into a few (4 to 5) prominent spine-tipped teeth. Ovary 2 mm. long; style

tapering. Fruit 15 to 1*75 mm. long. The membranous pericarp conforms closely to

the seed, which is marked with about 30 j^arallel longitudinal rows of fairly distinct

square areolae, absent from tlie prominent raphe.

Bourbon—Braun states that he received the plant from Mougcot without the

collector's name.

29. Najas horrida, A. Br. (PI. XLII. figs. 183-191.)

N^horrida, A. Br. ex Maguus, Beitr. pp. vii, 46^ 47 (1870).

iV. jwec/i«fl!/fl, Magnus, in Aschers. & Schweinf. Ilhistr. Fl. Egypt. [Mem. Inst, fllgypt. ii. pt. i.] 145

(1889), et in Ber. Deutsch. Bot. Ges. xii. (1894) 219.

Caulinia pectinata, Pari. Fl. Ital. iii. 665' (1858).

Bobusta vel interdum gracihs, caulibus elongatis effusis, ramis brevibus dense fruticoso-

ramulosis ; foliis crassiusculis, rigidis, plicatis, falcate recurvatis, margine cum denti-

bus magnis patentibus armato ; vagina late truncate-rotundata, superne denticulata ;

squamulis intravaginahbus hneari-angustatis, acutis; floribus solitariis, masculis
sessilibus, spatha anguste ovoidea vel ovoideo-oblonga, in collum breve cum ore
obliquo spinulifero desinente ; ovario nudo, ellipsoideo, stylo brevi conico in sti"-mata

duodiviso; fructu oblongo-ellipsoideo ; testa seminis in areolis subquadratis minutis
distincte lineata.

Main shoots long and spreading, with short lateral branches, passing after a few short
internodes into a dense bushy head. Lower internodes often very long, sometimes
reaching 12 cm., often about 5 or 6 cm. ; breadth -5 to 1 mm., in the upper' part of the
main shoots generally between 1 and 2 cm. Lewves with minutely bispinulose apex, the
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margins armed with large triangular spreading teeth, longer than the leaf-width, ending

in a small, rigid, dark brown spine. In robust specimens the blade reaches 2 cm. in

length by -75 mm. in width about the middle, w^ith about 8 teeth projecting 1 mm. from

tlie margin in the lower half, becoming shorter as the leaf narrows above, but still

slightly exceeding its wddth; the midrib is prominent, and narrow bands run at right

angles from it towards the margin ; the broad truneately-rounded sheath is 25 to 3-3

mm. long by 175 to 3-3 mm. broad ; the rounded shoulders bear from 4 to 6 minute

teeth, decreasing in size from above downward. In the more delicate specimens the

blade is 8 to 11 mm. long by -5 mm. broad, bears 4 to 6 teeth exceeding the leaf-width,

and the sheath is about 1*5 mm. long. Intravaginal scales -75 mm. long.

Male flowers 25 to 3 mm. long ; spathe-neck cylindrical, scarcely -5 mm. long, the

mouth bearing a few short spines
;
perianth subelliptical, narrowing abruptly below the

two-lipped apex. Ovary 2iho\\.t 2 mra. long; stigmas broad, spreading, linear-tapering.

Fruit 2 to 25 mm. long, tapering above, and crowned with the withered style and

stigmas. Seed plainly marked with about 20 rows of squarish pits.

Tropical Aprica—Central and East : Gazelle river {Schtcewfurth, nos. 1137 in part,

and 1228 in part) ; Pazogl (>S^. Ange) ; Lake Tanganyika {Uore) ; Ressano Garcia,

Mozambique [ScJilechter, no. 11883). West: Nupe (Barter, no. 1065), Cameroon

(Freuss, no. 452 ; Staudt, no. 488) ; Lac de Ghier, Senegal (Roger) ; Marais du

Walo, pr^s Keurmbaye (Leprieur).

Note.—I find no evidence of the spathe which Magnus describes and figures for this

species (see Ber. Deutsch. Bot. Ges. xii. (189i) fig. 2). I have not seen the Egyptian

specimen on which the account is based, and it may perhaps represent another species.

30. Najas iNTERRUPrA, K. Sclium. in Engl. Pflanz. Ost-Afr. Th. C, 94 (1895) ; Arth.

Bennett'in El. Capens. vii. 51 (1897).

Eusco-viridis, caulibus gracilibus rigidulis, internodiis teretibus inermibus elongatis

;

foliis e vagina magna brevibus lineari-angustatis obtusiusculis, margine irregulariter

paucidentata, dentibus in parte inferiore lamina? latitudinem 9equantil)us robustis

triangularibus patentibus, aculeo brunneo-rufescente ascendente terminatis, superne

deminuentibus et pro rata brevioribus ; vaginis saepius asymraetricis, in folio

superiore cujusque paris majore, humeris saepe latissime rotundatis, interdum plicatis

plus minus truncatis, superne cum denticulis paucis minutis instructis ; squamulis

intravaginalibus lanceolatis vel triangulari-lanceolatis acutis
; floribus solitariis,

spatha mascula ellipsoidea apice in coUum cylindricum desinente, ovario nudo

anguste ellipsoideo, stylo cylindrico in stigmata bina (vel terna) apice aculeata

desinente ; fructu fusiformi ; testa cum areis quadratis in seriebus circa 20 ordinatis

manifeste exsculpta.

Habit rather straggling and wdry. Internodes 1*5 to 2 cm. in upper part of shoots.

Leaves about 1 cm. long, including the sheath, about '5 mm. greatest breadth, not

including the teeth ; margin asymmetrically toothed, 5 or teeth on each side. Sheath

2 to 3 mm. long by 1*7 to 275 mm. broad, with 3 to 6 small teeth on each shoulder;

that of the upper of each leaf-pair larger, more asymmetrical, and markedly amplexicaul.
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Only empty spatbes of male flowers present, 1 mm. long, containing the broken flower-

pedicel. Omrtj with style and stigmas 2 mm. long ; stigmas of those examined ending

in a small yellow-brown spine-cell. Seed 2 mm. long by '5 mm. in diameter, dull

yellowish, plainly marked with rows of squarish pits, which become elongated on the

raphe and smaller, irregular, and obscure towards the ends.

East Tropical Africa—{Fischer, no. 614).

South Africa—Transvaal [Bolus, no. 6283).

§ 4. XudcB.

31. Najas graminea, Delile.' (PL XLII. figs. 192-201.)

N. graminea, Delile in Descr. l^gypte, Hist. Nat. ii. 282, t. 50. fig. 3 (1813) ;
Cham, in Linnaea, iv. (1829)

"
502 : Kunth, Ennm. iii. 115 (1841) ; A. Br. in Journ. Bot. ii. (1864) 278 ; C. Bailey, ib. 1884, t. 250

;

Arcang. Fl. Ital. [ed. 2] 101 (1894); Cesati, Compend. Fl. Ital. 205; Magnus in Nuov. Giorn.

Bot. Ital. ii. (1870) 189; Boiss. Fl. Or. v, 28 (1884); Hook. f. Fl. Brit. Ind. vi. 569 (1893) ;

K. Schum. in Mart. Fl. Bras. iii. pt. 3, 730, i. 124. fig. 2 (1894).

Var. Delilei, Magnus in Ber. Deutsch. Bot. Ges. i. (1883^ 522, et ex Ascliers. & Scliweinf. 111. Fl.

"
figypt. [Mem. Inst, l^gypt. ii. pt. i.] 146 (1889) ; C. Bailey iu Journ. Bot. xxii. (1881) 305,

t. 249; K. Sebum, in Mart. Fl. Bras. iii. pt. 3, 731.

Var. viilgata, Magnus ex Ascliers. & Scbweinf. /. c. 145.

iV. alagnensis, Pollini, FL Yeron, iii. 49 (1824) ; Cham, in Linnsea, iv. (1829) 502; Kunth, Enum. iii.

115 (1841); Bertolini, Fl. Ital. x. 296 (1854) {alaganensis).

N. seminuda, Griff, in Voigt, Hort. Suburb. Calc. 694 (1845) ; id. NotuL iii. 181, et Icon. PI. Asiat.

""
tt. 251. fig. ii. 253, 254 (1851).

N. serristipula, 'Ma.s.im. in Bull. Acad. St. Petersb. xii, (1868), 72 [Mel. Biol, vi, 275]; errore A", serraii-

~
stipula, Magnus, Beitr. 44 (1870), et in Engl. & Prantl, Pflanzenfam. ii. i. 218 (1889).

N. tenuifolia, Aschers. in Att. Soc. Ital. Sci. Nat. x. (1867) 267, non R. Br.

N. valisnerioides, Griff. Notul- iii. 180, probably belongs here, as the author says it ''appears to vary in

the absence of a tunic to the stamina."

Caulinia alagnensis, Polhni, Hort. & Prov. Veron. 26 (1816), et FL Veron. iii. 49 (1824) ; Pari. FL Ital.

iii. 665 (1858) [alaganensis]

.

C, intermedia, Balb. in Mem. R. Accad. Sci. Torin. xxiii. (1818) 105 (nomen), Nocca & Balb. Fl. Ticin.

ii. 163, t. 15 (1821).

Planta inermis, sgepius gracile plumosa, super basin longe ramosa ; cauUhus inferne

repentibus turn decumbentibus, saepe longe efiusis, tenuibus subrigidis, ramulis

brevibus dense foliatis ; foliis anguste linearibus, superne angustatis patentibus, ssepe

recurvatis, margine cum spinulis minutis numerosis ascendentibus instrvicta ; vaginis

longe auriculatis ; squamulis intravaginalibus subulato-filiformibus
; ftoribus in

ramulis, solitariis vel paucis aggregatis ; maseulis breviter pedicellatis, nudis,

perianthio ad antheram quadrilocularem applicito, superne bilobo, lobis breviter

rotundatis, polline oblongo et rotundo ; ovario nudo ellipsoideo, stylo cylindrico

in stigmata duo longa linearia diviso
; fructu solitario vel paucis aggregatis,

anguste ellipsoideo-oblongo, apice subattenuato ; testa in areolis parvis sub-

quadratis vel plurangulis numerosis subirregulariter, sed sgepius distincte lineata.

Habit grass-like, the long shoots rooting at the lower nodes and forming new plants by
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death of the older connecting parts Length of shoots varying from a few inches to over

2 feet. Lateral branches sometimes very short, forming a densely-leaved tassel, and, when

the internodes on the main stem are also short, giving the plant a dense cylindrical habit.

Internodes terete, sometimes broadening upward on tlie stronger shoots, the lowest

generally from 2 to 45 cm. long by 1 to 1-75 mm. wide, becoming smaller and often

fairly regular in size about the middle, and then decreasing to the apex, where the leaves

are densely crowded ; in the spreading forms the internodes often reach 8 cm. in length

by 1 mm. in diameter. The densely-leaved lateral shoots and tips of the main shoots

with narrow linear spreading recurved leaves often give a very graceful plumose habit.

to the plant ; in the laxer specimens the leaves are generally longer, weaker, and less

recurved.

A more delicate plant, bright green in colour, with almost filiform internodes (about

1"5 cm. long by "5 mm. diameter in the middle of the shoot) and small, narrow, weak,

recurving leaves, comes from Gwalior, Northern India,

The long thread-like roots are reddish-brown in the plants which have become

established near Manchester.

Leaves from 15 to 2*5 cm. long by 4 to 6 mm. in width. Sheaths from 2'5 to 325
cm. long, including the auricle (1 to 1*75 mm.) ; the latter bears a few rather small teeth

on both inner and outer edge, about 10 altogether. Intravaginal scales '75 to 1 mm.
long. Marginal teeth 30 to 50 in number, consisting of a sharp ascending spine supported

by two generally but slightly projecting epidermal cells.

Below the epidermis runs a single row of long, narrow, colourless, supporting cells

("libriform cells ") ; these are absent in some Egyptian and Syrian specimens and in the

plants found near Manchester, w^hich Magnus has separated as the variety Delilei.

As, however, these specimens can be distinguished by no other character, their habit,

leaf-sheaths, marginal teeth, flowers, fruits, and seeds conforming to those of the type,

which moreover grows in the same area, I have ventured to disregard the variety,

Floivers borne on the short lateral shoots, often several at the same node. From the

dried material at command it is impossible to make general statements as to their

relations, but in fresh specimens from the locality near Manchester no flowers were

found in the axils of the two lowest pairs of leaves of the fertile shoot, the fertile (lower)

leaf of the next higher pair sheathed a reduced shoot with several (4) female flowers,

and that of each succeeding pair a reduced shoot consisting of a male and female flower

standing side by side.

Male flowers before dehiscence of anther about 1 mm. long; perianth ending directly

above the anther in two rounded ear-like lobes, which may be somewhat oblique ; in the

living specimens from Manchester they were tinged at the edge with red ; anther oblong

or oval-oblong. The flower-stalk elongates before dehiscence, becoming almost as long as

the anther ; the apical lobes of the perianth separate to allow the pollen to escape.

Pollen dimorphic, grains larger and obloug and smaller and roundish, the latter with

denser contents. Female flowers 1*3 to 1(5 mm. long. Fruits solitary or 2 to 4

crowded together at the base of the dwarf shoots ; narrowly oblong or narrowly

ellipsoidal or ellij)Soidal-oblong, tapering more at the tip, in the fresh specimens greenish-
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brown with a succulent pericarp; in the dried, the pericarp is very thin and membranous,

peeling from the yellowish-brown seed. Seed 1'75 to 2'25 mm. long. Testa more or less

distinctly marked with 25 to 30 more or less regular rows of small areolae, which are

subquadrate about the midle of the seed, but become irregularly 5- to 6- angular towards

the ends and the prominent raphe.

Generally distributed throughout the warmer parts of the Old World. I have seen

the following specimens :

—

Europe—North Italy (probably introduced) ; England, Reddish Canal (var. Delilei,

Magnus), near Manchester (introd.). Eossil seed in pleistocene bed at West

Wittering, Sussex (Meid).

Egypt—Kafr-es-Sayad {Schweinfurth) ; Cairo (Schiceinfurth, no. 1712) ; Damietta and

Mensaleh (Schweinfurth, var. Delilel, Magnus); Libyan desert, Oasis of Dakhel

{Bohlfs,no. 2264).

Nubia—Djur-land, " Grosse Seriba Ghattas" (Schweinfurth, no. 2140 in part).

Abyssinia—(Steudner, no. 213).

East Tropical Africa—East Ongalea Mts. (Gregory).

Arabia, South-east—(Bent, no. 217).

Socotra—(Balfour, no. 731).

Persia—Susan (Savsshiecht, It. Orient, 1868).

India—North-west India (? Boyle) ; Gwalior (Maries, no. 391) ; Chittagong (Jlook.f

^^ Thorns.); Calcutta (C^ar^^, no. 3944) ; Berhampur (McClelland); East Bengal

(Hook.fSf Thorns.); Bengal (Griffith, no. 5609/2); Serampore (Griffith, no.

5609/3) ; Madras (Wight) ; Ceylon (Martens) ; Assam (Jenkins).

Malaya—Pahang, Pekan(i^i<^/ey) ; Java (Jimghuhn); Amboina (Miguel); Celebes

(Miquel) ; Minahutta (Savinierre, no. 503) ; Philippines, Island of Mactan
(Moseley) ; Molucca (Blimie) ; Menado Tondano (Teysmami, no. 5314).

. China—Hongkong (Wright, no. 511),

JATA^—(Wichu7Yt, no. 814); Nippon, Yokohama (Maximowicz), Akita (Faurie,

no. 13775), Mouoka (?) (Faurie, no. 13920) ; Kiusiu, Nagasaki ( 0^c^A«m, no. 823).

Australia—North-ivest, mainland by Dampier Archipelago (Naumann) ; Brisbane
river.

? S. America—Brazil (Wallis). ? Introduced or perhaps a mistake ; see K. Schumann
in Mart. El. Bras. iii. pt. 3, 732 (1894).

Var. minor, var. nov.

Planta minor, debilis, diffusa, cum foliis brevioribus, vaginis brevius auriculatis, et floribus

ac fructu minoribus.

Specimens, when dried, forming a tangled mass of slender or filiform branching shoots,
with limp, often clinging leaves. Width of internodes scarcely exceeding -3 mm., often
less

;
length 1 cm. or less. Leavies from 7 to 16 mm. long by -15 to -25 mm. broad, plane,

libriform supporting cells absent, marginal teeth numerous (generally 20 to 30), small,
raised slightly above the margin to about one-tifth the leaf-width in length ; sheath
narrow, in full-grown leaves about lo mm. long by 1-25 broad when opened out, with
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rounded or bluntish auricles one-fiftli to one-sixth its length, bearing a few (5 to 7) spines,

especially on the outer edge. Intravaginal scales narrow linear, tapering, scarcely '5 mm
long. Maleflower before elongation 6 mm. long; female 1 mm. long. iS'<?6'c? ellipsoidal-

oblong, 1*15 to 1*5 mm. long, plainly marked with 20 to 25 rows of areolae, which are

more or less quadrate about the middle, becoming 5- to 6-gonal and less regular towards

the ends.

India—Bengal {Griffith, no. 5609/6).

'hVKKKB.—{Griffith, no. 5609/1, in part) ; Pegu {Kurz, nos. 3192, 3310).

Var. ANGTJSTiroLiA, var. nov. (PL XLII. fig. 202.)

Planta debilis, foliis quam in specie angustioribus, apice subsetaceis, denticulis marginalibus

magis conspicuis ; fructu minore.

Habit weak, effuse ; leaves (when dried) flexuose, generally 1'5 to 2 cm. long and

•2 to '3 mm. broad ; spines raised on slmllow triangular outgrowths of the margin,

forming teeth distinguishable by the naked eye, and on the narrower leaves reaching one-

fourth to one-third the leaf-Avidth. Seed scarcely exceeding 1 mm. long, closely

resembling that of var. 7iiinor, but smaller.

Malaya—Singapore, Garden Lake {Ridley, no. 8916) ; Borneo, Bangarmassing

{Motley).

The Bornean plant has rather shorter leaves (scarcely 1*5 cm. long) and somewhat more

prominently denticulate leaf-teeth than the specimen from Singapore, but the seeds

conform.

Species dubice vel excludenda.

Najas luicrophylla, Beichb- El. Germ. Excurs. 813 (1832) = C«?*^m«« mycrophylla,

^ Nocca & Balb.

JS'aJas? ohmluta, Blanco, PL Pilip. [ed. 2] 460 (1815), ib. (Naves) gran. ed. iii. 60

(1879).

" Caulis erectus, bipalmaris, ad digitum grossus, supra planus, infra rotundo-striatus.

Polia alterna, alata, alte plurilobulata, lobulis subulatis rotundisque, aut potius

convoluta, 5- vel pluri-secta. Plores monoici," &c.

In op. cit. (gran, ed.) Nov. App. 332 (1880) this is placed as a synonym of a fern, Cerato-

pteris thalictroides, Brongn.

Najas p)aliistriSy Blanco, PL Pilip. 660 (1837) ; Kunth, Enum. iii. 590 (1811).

N. lobata, Blanco, PL Pilip. [ed. 2] 459 (1845), ib. (Naves) gran. ed. iii. 65 (1879). The

description in PL Pilip. [ed. 2] 459 is word for word that of N. paliistris in the first

edition. The only change is in the specific name.

•' Caulis rotundus, ramosus. Polia alterna, linearia, margine denticulata, basi obtuse

biauriculata, amiculis amplexicaulibus. Kamusculi axillares foliis alternis vere

aucti; ideoque folia semper alterna. Plores monoici, pauci, notabiles. Masculi

axillares, solitarii, involucello spatha^formi, monophyllo, lateraliter dehiscente

instruct!. Cal. involucellum superans, cylindricus, limbo in 2 labia ovata et

divergentia diviso. Stam. 1, filam. crasso. Anth. 1, calycis fauce brevier,

SECOND SERIES.—BOTANY VOL. V. 3 T
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subsagitta marginibus subrevolutis. Feminae solitariae, axillares, involucello ut in

masculis. Cal. 0. Ovar. ovale. Styl. 2. Fmctus vesicseformis, indehiscens,

substantia farinacea et aquosa fcetus."

*' Planta calyce gracili, albo, semilineari, in lacustribus crescens. Flor. mens. Mart."

Plant not seen, but the markedly alternate leaves and structure of the male flower are

incompatible with anything known of the genus.

Najas rigida. Griff. Not. iii. 181 (1851).

" Foliis carnosis rigidis (e tela composita celliilosa), alternis, interspatiis concavis. Pistil,

perianthio tuhuloso apice spiculigero inclus.

Hab. ''in aquis stagnantibus Serampore." "Colour blackish green."

The prcseDce of a perianth in the female flower points to N. indica (the only Indian

species of the section Spathacea?), but the fleshy rigid leaves do not accord, and alternate

leaves are incompatible with the genus as at present understood.

Najas tenuifoUa, Naves & F. Vill. in Blanco, Fl. Filip. Nov. App. 297 (1880), non

R. ^v.=N. pcdustris^ Blanco.

Catdinia? cojnjwsita, Buch.-Ham. ex Wall. List, no. 6184<= Ce7'atophi/Uum.

Caidinia microphyllai Nocca & Balb, Fl. Ticin. ii. 163, t. 16 (1821), is probably Cerato-

jphyllum demermmiy Linn.

Lid of Species and Synonyms.

Caulinia alagnensis, Poll.=Najas graminea.

C. alternifolia, Willd.= N. austraUs.

C. composita, Buch.-Ham. = Ceratophyllum.

C.flexilis, Willd.= N. flexilis.

C.fragilis, Pursh= N. flexihs.

C.fragilis, Willd. =N. minor.

C. gracilis, Pouzolz=N. mmor.

C guadalupensis, Spreug. =N. microdon.

C. indica, Willd. =:N. indica.

C indica. Wall. List= N. minor.

C. intermedia, Balb.= N- grammea.

C. minor, Coss. & Germ.= N, minor.

C. muricata, Spreng.= N. marina var.

C. microphylla, Nocca & Ealb.= Ceratophyllum.

C. pectinata, Parl.= N. horrida.

C. tenella, T. Nees= N. arguta.

Fluvialis fiexilis, Pers.= N. flexilis.

F. indica, Pers.= N. indica.

F. minor, Pers.= N. minor.

Itinera major, Ileichb.= N. marina.

I. minor, C. C. GmeL= N. minor.

/. tyajas, C. C. Gmel.=N. marina.

Najas alagnensis, Paglia=N. minor.

N. alagnensis, Poll.= N. graminea.

N. ancistrocarpa, A. Br.

N. arguta, H. B. K.

-= var. conferta, A. Br.= N. conferta.

var. tenera, A. Br.= N_. arguta.

N. australis, Bory.

N. brevistyla, Rendle.

N. Browniana, Rendle.

N. canadensis, Michx.= N. flexilis.

N. conferta, A. Br.

N.dichotoma, Roxb.= N. minor,

N. falciculata, A. Br.

N. flexilis, Griseb. (in part) =N. microdon.

N. flexilis, Griseb. (in part) = N. Wrightiana.

N. flexilis, Rostk. & Schmidt.

var. curassavica, A. Br. =N. microdon var.

yzx. fusiformis, Chapm. = N. microdon.

var. Gollmeriana, A. Br.=N. microdon, var

curassavica.

var. guadalupensis, A. Br.= N. microdon.

var. raicrocarpa, Nilss.
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flexilis, yar. punctata, A. Br. =N. punctata.

— var. robusta, Moiong.

Jluvialis, Thuill. = N. marina.

Huviatilis, Poir.= N. marina.

foveolata, A, Br.

foveolata^ var. minor, Ilendle.

fragilis, Delile= N. minor.

fragllis, liostk. & Schm. = JSI. minor,

fucoides, Grift'. = Ts'. marina.

gracillima^ Magnus,

graminea, Delilc.

— var, angustifolia, Rendlc.

— var. Delilei, Magn.= N. graminea.

— var. minor, Ilendle.

— var. tenuifolia, A, Br,= N^ tenuifolia,

— var. vuhjata, Magnus = IS . graminea,

graminea, llostk.= N. flexilis.

guadalupensis, Moroug= N. microdon.

heteromorpha, Griff".= N. minor.

horrida, A. Br.

indica, Cham.

— var. graoillima^ A. Br. = N. graeillima.

indica, Grift". =N. indica?

indica, Wall.=N. minor.

indica, Zoll.= N. foveolata.

intermedia, Gorsk. = iS]'. marina var.

interrupta, K. Schum.

Kingii^ Bendle.

Kurziana^ Rendle.

laccrata^ Rendle.

latifulia, A. Br.= N. marina var.

latior, F. Mucll. = N. marina.

Leichhardtii, Magnus,

lobata. Blanco= N. palustris.

madagascariensis, Rendle.

major, A11.= N. marina.

— var. Icevis, DC.= N. marina.

— var. mullidentata, A. Br.= N. marina.

— var. paucidentata, A. Br, = N. marina.

— var. spinutosa, DC,= N. marina,

marina, Linn,

— var. angustifolia, A. Br.

— var. angiisiissima, K. Schum.= var.

gracilis.

— var. Bollei, K. Schum.= var. microcarpa.

— var. brevifolia, Rendle.

— var. californica, Rendle.

— var. Ehrenbergii, A. Br,

marina, var. genuina, K. Schum.= var.

intermedia.

- var. gracilisi, Morong.

- var. grossedentata, Rendle.

- var. intermedia, A. Br.

- var. latifolia, A. Br.

- var. latior, F. Muell.= N. marina.

- var. mexicana, Rendle.

- var. microcarj)a, A. Br.

- var, muricata, Hartm. = N. marina.

N. marina, Linn., var, muricata, A. Br.

var. recurvata, Dudl.

var. Riedelii, K. Schum.

N. maritima, Pall. = iS[. marina, var. intermedia.

N. marina,lu\n\\. Fl. Suec, in part= N. minor.

N. microcarpa, Iv. Schum.

N. microdon, A. Br,

var. curassavica, A. Br.

var. guadalvpensis, A. Br. = N_. microdon.

A". microphyUa, Reichb.=:('aulinia microphylla.

N. minor. All.

var. indica, A, Br. in part= N. australis.

„ „ =^' indica.

var. intermedia, Cesati= N. minor.

var. setacca, A, Br. =N. setacea.

var. spinosa, Rendle.

var. tenuissima, A. Br, = N. tenuissima.

N. nionosperma, Willd. = N. marina.

N. muricata, Delile= N. marina var.

N. muricata, Thuill..— N. marina.

N. ? obvolutOj Blanco= Ceratopteris.

N. palustris, Blanco = sp. dub.

N. pectinata, j\Iagnus= N. horrida.

N. pluvialis, K. Schum.= N. marina,

N. podosteraon, Magnus.

N. polonica, Zalewski = N, marina

N, punctata, Rendle.

N. rigida. Griff,= sp, dub,

N. Schweinfurthii, Magnus.

N. seminuda. Griff.= N, graminea.

N. serrafistipula, Magnus= N. graminea.

N. serTislipula, Maxim.= N. graminea.

N. setacea, Rendle.

N. spinosa, Buch.-Ham.= N. marina.

iV. subulata, Thuill. = N. minor.

N. tenera, Schrad. = N. arguta.

N. tenuifolia, Aschers, = N, graminea.

N. tenuifolia, R. Br.

3t2
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N. tenuifolia, Naves & F. Vill.= N. palustris.

N. tenuis, A. ]Jr.= N. indica.

N. tenuissima, A. Br.

N. ternata, Roxb. ex GrifP.= N. minor?

N. tetrasperma, Willcl. = N. marina.

N. valisnerioides, Griff. =N. graminea.

jST. Welwitschii, Rendle.

N. Wrightiana, A. Br.

var. laxa, A. Br.

Sclerocarpus ohliquus, C. A. Weber=N. marina.

EXPLANATION OF THE PLATES.

a, anther; p, perianth; pe, pedicel; s, spathe ; st, stigma; v, leaf-sheath.

Plate XXXIX.
Najas marina. (Figs. 1 to 30.)

1. Young ovary with three stigmas, the ovule directed horizontally. X 15.

2. „ „ with two stigmas, slightly older than in fig. 1, with almost anatropous ovule. X 13.

3. Ovary ready for pollination, x 12. One stigma appreciably shorter than the other two.

4. Ovary after fertilization, x 9.

5. Male flower protruding from leaf-sheath. X 6.

6. „ „ after removal of spathe. x 6.

7. „ „ „ „ perianth, showing the four-celled anther, x 6.

8. Intravaginal scales. X 20.

9. Leaf of var. recurvata. x 2. Specimen from Buffalo (Clinton).

„ „ Arabia [Ehrenberg).

, „ Caracas {Gollmer).

,, „ Damietta [Sieber).

, ,, Oahu (^Menzies).

, J, Prussia [Caspary).

., „ California (Orcutt).

16. Tip of shoot of var. grossedentata. x 3. Specimen from China {Staunton).

17. Seed of N. marina form a from Polish specimen {Woloszczak). >c 8.

18. „ „ „ „ Japanese specimen [Maximowicz) . x 7.

19. „ „ „ j8 from specimen from Paris [Brongniart). x 7.

20. „ „ „ „ ,, J, j^ Germany {Muench.).

21. Fossil seed from Cromer forest-bed (preglacial), side view. (From sketch supplied by Mr. Reid.)

22. Portion of testa of same much enlarged. Do.

23. Fossil seed from Cromer forest-bed, front view. Do,
24. Portion of testa of recent seed. Much enlarged.

25. Seed of N. marina form 7 from Cashmere {Young), x 7.

26. „ „ var. recurvata. x 7.

27. „ „ var. Ehrenbergii. x 7.

28. „ „ var. angustifolia. x 7.

29. „ „ var. intermedia, x 7.

30. „ „ var. mexicana. x 7.

Najas indica. (Figs. 31 to 45.)

31

.

Side view of leaf-sheath, x 20. From type-specimen of Caulinia indica, Willd. in Herb. Berlin.
32. Leaf-apex from same specimen, x 30.

10. )} var. Ehrenbergii. x 2.

11. >) var. latifolia. x 2.

12. i) var. muricata. x 3.

13. }} var. angustifolia. x 2.

1 I. j> var. intermedia, x 3.

15. }> var californica. x 2^.
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33. Portion of a leaf-blade from same specimen, x 20.

3 lr-37. To show variation in form of Icaf-slieath. x 20. 34, 35 from opposite leaves ; 36 from a leaf

a little higlicr on the same shoot (specimen in Herb. Link.) ; 37 from a (hlTcrcnt plant

(Tranquebar, Klein)

.

38. Intravaginal scale, x 40,

39. Young male flower, x 30. Specimen from Tranquobar.

40. Mature „ x 15. „ „

41. Male flower showing enlarged pedicel, laterally split spathc, and rolling back of perianth-lobes.

X 10. Specimen from Tranquebar.

42. Pollen from same flower. Much enlarged.

43. Female flower showing one stigma protruding from mouth of spathc. x 20. Specimen from

Tranquebar.

44-. Same as fig. 43 after removal of spathe. x 30.

45. Seed, x 15. Specimen from Tranquebar.

Najas Wehoitschii. (Figs. 4G to 54.)

46. Front view of leaf-sheath, x 20.

47. Apex of leaf, x 15.

48. Intravaginal scale, x 15.

49. Marginal leaf-tooth. Much enlarged.

50. Male flower. X 20.

51. „ showing elongation of pedicel (pe) and rupture of spathe (*) . x 12.

52. Female flower; the two stigmas [st) protrude from the mouth of the spathe (s). X 30.

Plate XL.
53. Seed, x 10.

54. Markings on seed-coat. Much enlarged.

Najas madagascariensis. (Figs. 55 to 63.)

55. Side view of leaf-sheath with rounded shoulders, x 14.

56. Leaf-sheath with auricled shoulders, x 10.

57. Young male flower, x 30.

58. Mature „ X 16.

59. Female flower, x 22,

60. The same after fertilization. X 12.

61. Tip of same flower as in fig. 60 after removal of spathe, showing the two stigmas under somewhat

higher magnification.

62. Seed, x 5.

63. Lower part of seed more highly magnified to show markings on seed-coat, X 35.

Najas Schweiyipirthii. (Figs. 64 to G7.)

(54, Front view of leaf-sheath. x 40.

65. Scarcely mature male flower, x 50.

66. Male flower, showing anther-dehiscence. X 12.

67. Female flower, x 30.

Najas IVrif/hiiana. (Figs. 68 to 74.)

68. Front view of leaf-sheath, x 10. Specimen from Pernambuco [Ridley).

69. Male flower. X 30. Specimen from Cuba
(
Wright)

.

70. Female flower, x 18. „ „
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71. Base of leaf a' subtending two female flowers (see diagram, fig. 72) ; x, intravaginal scale, x 15

Specimen from Cuba {Wright).

72. Diagram of arrangement of leaves and flowers in fig. 71. a, b, pair of leaves at a node; a, fertile

leaf; b, barren leaf; (1), basal flower, al, first leaf on branch in axil of a ; (2), basal flower^

and a", first leaf on lowest branch of the axillary shoot.

73. Intravaginal scale, x 30. Specimen from Cuba {Wright).

74. Seed, x 25. Specimen from Pernambuco {Ridley).

Najas conferta. (Figs. 75 to 77^

75. Leaf, x 4. From Brazilian specimen {Neuivied) in Herb. A. Braun.

7Q. Seed, x 15. From Cuban specimen in the same collection.

77. Markings on seed -coat. Much enlarged.

Najas microdon. (Figs. 78 to 91.)

78. Leaf-sheath, front %iew. x 10. Specimen from Guadeloupe {Duchassaing)

.

79. Marginal leaf-tooth from same specimen. Much enlarged.

80. Male flower, x 28. Specimen from Cuba {Wright).

81. Transverse section of ditto, showing the four anther-cells, x 30.

82. Very young female flower. Specimen from Mexico (Schaffner).

83-90. Series showing variation in form and number of stigmas and spine-arms.

83 to 87 from a single plant (Mexico, Hahn)

.

83. Three stigmas, one of which bears a spine.

84. Two perfect stigmas and a third which passes into a spine-arm.

85. „ ,, „ and a perfect spine-arm.

86. One simple stigma and a second branching, the branches bearing spines.

87. Three spine-tipped stigmas.

88. Two perfect stigmas only. Specimen from Mexico {Mueller)

.

89. Normal flower with decussating pairs of stigmas and spine-arms. X30. Specimen from Guadeloupe

[Duchassaing)

.

90. Flower with three long stigmas only, x 35. Specimen from Jamaica {Swartz).

91. Fruit. X 20. Specimen from Mexico {Hahn).

Najas flexilis. (Figs. 92 to 98.)

92. Male flower, young, x 30. Irish specimen.

93. „ spathe removed. „
94. „ showing lateral rupture of spathe by elongation of pedicel, and dehiscence of anther. Specimen

from Washington, D.C.

95. Pollen-grain. Highly magnified.

96. Seed, x 8. Specimen from New York {Torrey).

97. „ „ „ „ Eastern United States (iVw^^ct^Z).

98. Markings seen through the polished outer layer of seed-coat. Much enlarged.

Najas punctata. (Figs. 99 to 102.)

99. Small portion of leaf-margin, showing spine-teeth and hypodermal fibres.

100. Intravaginal scales. x 20.

101. Transverse section of anther, showing arrangement of the four cells.

102. Female flower, showing two stigmas and a spine-arm. x 27.
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j^ajas arguta. (Figs, 103, 104.)

103. Leaf. Natural size.

104. Marginal leaf-tooth. Much enlarged.

Plate XLI.

Najas minor. (Figs. 105 to 115.)

105 to 107. Forms of sheath-leaves : side view.

105. From a specimen from Berlin, x 10.

106. From a French specimen, x 8.

107. From a Portuguese specimen (Welwitsch , no. 410). x 10.

108. Male flower, x 30.

109. „ „ with spathe removed. More highly magnified.

110. „ „ ,, „ „ and perianth slit and drawn back.

111. Pollen-grains. Highly magnified.

112. Elongation of pedicel preceding dehiscence of anther, x 30.

113. Young female flower, x 25.

114. Seed, x 12.

115. Fossil seed from pleistocene, West Wittering, Sussex {Reid). x 13.

Najas Kurziana, (Figs. 116 to 121.)

116. Leaf-sheath, x 30.

117. Intravaginal scale, x 50.

118. Single tooth on leaf-margin. Highly magnified.

119. Male flower, x 50.

120. „ „ showing antlier-dehisceuce. x 60.

121. Seed, x 30.

Najas gracillima. (Figs. 122 to 125.)

122. Leaf-sheath and fruit, x 20.

123. Marginal leaf-tooth. Highly magnified.

124. Male flower, x 30.

125. Pollen-grains. Highly magnified.

Najas Kingii. (Figs. 126 to 131.)

126. Leaf-sheath and base of blade, x 20.

127. Intravaginal scale, x 40.

128. Marginal tooth of blade. Highly magnified,

129. Female flower, x 40.

130. Seed, x 12.

131. Small portion of surface view of testa. Highly magnified.

Najas lacerata. (Figs. 132 to 138.)

132. Leaf-sheath and base of blade, x 30.

133. Intravaginal scale. X 30.

134. Apex of leaf, x 40.
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135. Marginal tooth of blade. Highly magnified.

136. Back view of portion of blade, showing dorsal teeth. Enlarged.

137 Portion of transverse section of stem, showing epidermis, starch-containing cortex with large inter-

cellular spaces, and central stele. The last consists of small-celled tissue with a few larger cells

at irregular intervals, surrounding a central intercellular space, x 80.

138. Male flower. X 25.

Najas foveolata. (Figs. 139 to 144.)

139. One-half of an opened leaf-sheath. x 10.

140. Apex of leaf, x 10.

141. Young male flower in position, with leaf-bases thrust aside, x 12.

142. Male flower after anther-dehiscence (var. minor) . x 12.

143. Seed, x 18.

144. Transverse section of fragment of testa. Highly magnified. Showing the three layers; an outer

one of large thin-walled cells with delicate spiral thickenings, a median layer of very thick-walled

pitted cells, and an inner layer of tangentially compressed, moderately thickened cells.

Plate XLII.

Najas falciculata. (Figs. 145 to 151.)

145. Leaf-sheath opened, with base of blade, x 20.

146. Intravaginal scale, x 30.

147. Tip of leaf, x 40.

148. Marginal tooth of blade. Highly magnified.

149. Transverse section of stem. Highly magnified. An inner row of small cells of the stele

surrounding the central space has been omitted, x 70. (From a specimen collected by Martens
at Manila.)

150. Transverse section of leaf, x 70. (From same specimen as fig. 149.)

151. Seed, x 20.

Najas brevistyla. (Figs. 152 to 157.)

152. Portion of leaf-blade. X 40.

153. Intravaginal scale, x 20.

154. Male flower, x 35.

155. Pollen-grains. Highly magnified.

156. Female flower, x 35.

157. Seed, x 30.

Najas tenuifolia. (Figs. 158 to 162.)

158. One side of leaf-sheath, x 30.

159. Small portion of leaf-margin. Much enlarged. Showing tooth and thick hypodermal supporting
fibre.

160. Male flower, x 9.

161. Female flower, x 30.

162. Seed, x 17. The conspicuous narrowing at the base shown in the figure is unusual.

Najas Browniana. (Figs. 163 to 167.)

163. One side of leaf-sheath, x 24.

164. Small portion of leaf-margin, showing projecting spine-cell. Much enlarged.
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165. Young male iiower. x 70.

166. Female dower witli scale. x 30.

167. Seed, x 20.

Najas Leichhardtii. (Figs. 168 to 171.)

168. Leaf-sheath: side view, x 20.

169. Small portion of leaf-blade, x 20.

170. Apex of male flower, showing neck of slieath {s), und tip of perianth [p). x 24.

171. Female flower. x24.

Nujas australis. (Figs. 172 to 176.)

172. Upper part of leaf-sheath opened. x 6.

173. Portion of blade. x 20.

174. Female Hower. x 20.

175. Fruit, x 18.

176. Markings on surface of testa. Mnch enlarged.

Najas setarea. (Figs. 177 to 182.)

177. Leaf-shcath. x 25.

178. Intravagiual scale, x 30?

179. Apexofleafj. x 50.

180. Portion of leaf-margin, showing two spine-teeth. Much enlarged.

181. Female flower, x 30.

182. Seed. x 15.

a Najas horrida. (Figs. 183 to 191.)

183. Base of blade with opened sheath, x 5. (Central African specimen collected by Schweiufurth.)

184. Side view of leaf-sheath, from same plant as fig. 183. X 5.

185. „ „ from plant collected at Mozambique by Schlechter. x 10.

186. Marginal leaf-tooth from Tanganyikan specimen (Hore). Much enlarged.

187. Transverse section of stem of same specimen as fig. 186. x 50. Showing (1) epidermal layer,

(2j six to seven layers of starch-containing cortical cells with large intercellular spaces, and (3)

central stele with axial air-canal. The structure of the stele is imperfectly shown in so small a

sketch ; it is by no means homogeneous, but consists of larger cells, more or less rounded in

section, and irregular strands and masses of much smaller very thin- walled cells, multangular in

section, and rich in proteid or protoplasm (presumably bast-tissue).

188. Young male flower, x 23.

189. Transverse section of mature male flower, showing cruciform arrangement of the four anther-cells.

Much enlarged.

190. Female flower, after fertilization. x 20.

191. Seed, x 12.

Najas graminea. (I'i^is. 192 to 202.)

192. One side of opened leaf-sheath. X 12.

193. Portion of leaf-margin of specimen from Philippines {Moselcy). Much enlarged.

194. „ ,, „ Abyssinia [Steudner). Much enlarged.

195. „ „ „ (jwalior (iV/an>i*). Much enlarged.

SECOND SERIES.—BOTANY, VOL. V. 3 U
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196. Loiigitudiual section of apex of root, showing root-cap. x 30.

197. Male flower, x 25.

198. Pollen-grains, showing spherical and oblong forms. Much enlarged.

199. Female flower, x 12.

200. Seed, x 12.

201. Fossil seed from pleistocene, West Wittering, Sussex {Reid), x 12,

202. Seed of var. angnstifolia. x 12.
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XTII. Supplementary Notes on the Genus Najas. By Alfred Barton Rendle, M.A.^

D.Sc, F.L.S., Assistant in Botany, British Museum.

Bead 21st June, 1900.

OiNCE the publication of my Revision of this genus (Trans. Linn. Soc. scr. 2, Bot.

vol. V. pp. 379-436) I have had an opportunity of visiting a number of important

continental Herbaria. I have worked through all tlie material which I could find of

the genus in the following public and private collections :—at Paris, the National

Herbarium in the Jardin des Plantes, and also the Herbaria of the late M. Cosson and

M. Drake del Castillo ; at Geneva, the Delessert Herbarium at the Bottmic Gardens,

the Boissier Herbarium, and the DeCandolle Herbarium ; at Zurich, the Herbarium

associated with the Botanic Gardens ; at Vienna, the Herbarium at the Hofmuseum and

the Herbarium associated with the Botanic Gardens ; at Berlin, the Imperial Herbarium

and also the private collections of Dr. Magnus. I take this opportunity of putting

on record my obligations to the various gentlemen associated with these collections for

their readiness to give me all the help possible and once more tender them my hearty

thanks. I am also indebted to the authorities at the St. Petersburg Botanic Museum
for a number of Russian and Central Asiatic specimens which Dr. Litwinow, the curator,

has sent to the Department of Botany of the British Museum.

In the following notes I have included additional points of interest which I observed,

both in geographical distribution and in the elucidation of varieties or species. I saw

very few new forms, a circumstance which, though disappointing, argues for the

comparative completeness of my monograph as representing wliat is known of the genus

at the present time.

Subgenus 1. Eunajas, Aschers.

1. Najas marina, Linn. Sp. PI. 1015 (1753) ; Rendle in Trans. Linn. Soc. ser. 2, Bot.

V. 389 (1899).

I have the following notes on the distribution of the three forms under which I

attempted to arrange the specimens in my revision :

—

a. A luxuriant form. I have seen specimens from the following districts not

previously noted :

—

France—Saon and Loire; Bordeaux (Baillet).

Spain—Laguna de Dournos, Gallecia {Lange).

Hungary—Marchfeld {Matz).

South Russia—Mouth of the Volga, River Algari (Korshinsky).

Australia—Lake Muir and Nichol Bay, West Australia {Mueller).

SECOND SERIES.—BOTANY, VOL. V. ^ ^
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/3. The common European form. Additional localities :

—

France—Seurre, Cote d'Or : Maine {Bouret)^ &c.

Germany—Lyck and Borono-See, Prussia; Parstein-Sce, Wesen-See, and numerous

localities in province Brandenburg ; Eiver Schlei, Silesia ; Lake Constance, near

Wangen [Ziegler).

Hungary—Lake Balaton at Keszthely {Borbas).

Russia—Lithuania {Besser) ; the following localities at the mouth of the Volga

:

Jablouka, Tandik, Czilikino, and Algari (Korshinsky).

Switzerland—Lugano {Schinz).

Italy—Venetia (Bigo) ; Palermo {Boss).

y. A large-fruited form.

This form seems common in Switzerland and North Italy. I have notes of the

follo\\ ing localities :—Lugano, Lake Maggiore, Lake Como, Lake Varese, Verona,

Mantua, Lake Bientina.

The specimens from Lake Maggiore, collected by Magnus and others, approach the

common form ; they have the habit with the large patent teeth of the large-fruited

form, but the fruit smaller than usual, scarcely 5 mm. long.

I have also seen specimens from :

—

South Bussia—Mouth of the Volga, near Oli {Korsliinshy), without fruit.

North Asia—Altai {Bolitow in Herb. Hort. Bot. Vindob.), a grossly dentate specimen

with unripe fruit.

America—Arizona, Santa Cruz Biver (Bringle).

Var. denticulata, var. nov.

Sublaxa, internodiis elongatis sparsissime et breviter spinosis ; foliis linearibus, margine

denticulatis, denticulis lamina) latitudine certe duplo brevioribus, vagina cum

margine pauci- (1-3- ) denticulata.

BrancJies ascending, about 20 cm. long, lower internodes 4 to 5 cm. long, 1 mm. in

diameter, becoming gradually shorter above. Leaves ascendo-patent, 1"5 to 3 cm. long,

1 to 1-3 mm. broad, bearing a few (3 to 5) small dorsal spines and 6 to 12 shallow teeth

on each margin, on the oldest leaves the teeth may equal half the leaf-width in length

;

sheaths- broad, 3 to 4 mm. long. Eemale specimens only were seen ; ovary with 3

stigmas; unripe fruit light brown, rather narrowly ellipsoidal, 3-5 mm. long by less than

1*5 mm. in diameter.

Has the habit of a small example of the luxuriant form of the species, differing,

liowever, in its proportionately smaller marginal teeth.

Central Asia—Semipalatinsk, River Ajaguz (Korshinsky).

Specimen communicated by the Botanic Museum of St. Petersburg.

Var. Zollingeri, var. nov.

Planta luxurians, internodiis inermibus ; foliis linearibus, planis, subacutis, marginibus

cum dentibus parvis frequentibus instructis, dorso inermi ; fructu mediocri.

Stems spreading, with short densely leaved branches. Leaves 3 to 4-5 cm. long by

2 to 2-5 mm. broad, with 12 to 15 marginal teeth on each side, J to i the leaf-width
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in length; sheaths 3 mm. long, with few (2 to 3) or no small shallow teeth on the
broadly rounded shoulders. Flowers not seen. Fruit rare, 4 mm. long by Vi\ mm.
broad.

Eesembles the luxuriant form of the type, but differs in the smaller marginal leaf-

teeth and smaller fruit.

Malay Archipelago—Bali Island, *' In laculo (Danu) Bator, 3230'." Sept. 8, 1857.

[Zollinger, no. 3891, in Herb. Mus. Palat. Vindob.)

It also approaches the Socotran specimen of the var. Ehrenhergii, but has longer,

narrower, and more acute leaves ; the fruit is also larger than observed in that variety.

Var. ANGUSTiFOLiA, A. Br. in Journ. Bot. ii. 1861, 275 ; Eendle in Trans. Linn. Soc.

ser. 2, Bot. v. 394 (1899).

The following specimens indicate a wider distribution than previously given :

—

Caspian Sea—(Herb. Bunge in Herb. Cosson).

West Australia—Murchison Hirer {Oldfield).

Var. INTERMEDIA, A. Br. in Journ. Bot. ii. 1861, 276 ; Eendle in Trans. Linn. Soc

ser. 2, Bot. v. 395 (1899).

Besides specimens from, additional localities in the Baltic area and North Germany, I

have seen the following, by which the range of the variety is somewhat extended :

—

South Austria—Klagenfurt " Am Schiffahrtscanal von Worther-See " [Mellmg in

Herb. Magnus).

EussiA—Lithuania {GorsU in Herb. Mus. Palat. Vindob., the type of K intermedia^

Gorski).

Sicily—{Ross in Herb. Magnus).

India—Khandura District, Central Provinces {Bathio, no. 8549 in part).

I saw^ a fine form with lower internodes 10 cm. long by 175 mm. broad, and leaves

reachinoj 3 cm. in leno-th bv 1 mm. broad (fruit barely 4 mm. long), from Sudermannia

{Ehstrom in Herb. Hort. Bot. Zurich).

Var. BRACHYCARPA, Trautv. in Bull. Soc. Imp. Mosc. xl. no. iii. (1867) 97.

Planta caulibus inermibus, foliis brevibus, linearibus, obtusis, marginibus denticulatis,

vaginis latis ; fructu minore, ellipsoideo.

Branches rigidulous, laxly leaved, ascending, lower internodes 3 to 4 cm. long,

becoming gradually shorter above, 1 mm. or less in width. Lower leaves 12 to 16 mm.

long, including the large sheath, by 1 to 1*25 mm. broad, bearing 5 to 8 shallowly patent

marginal teeth, which are about one-fourth the leaf-width in length
;
the leaves become

shorter as we ascend the stem, the upper ones being barely 5 mm. long, including the

sheath (2 mm.), and less than 1 mm. broad, with only 3 marginal teeth
;

sheaths with

1 or 2 shallow teeth on the broad shoulder, often broader than long; in the lower leaves

about 3 mm. long by 3-5 to 4 mm. broad. Fruil broadly ellipsoidal, obtuse, 2-5 mm.

long by 1-75 mm. broad ; seed dark brown.

Approaches var. intermedia, A. Br., especially in habit, but is distinguished by the

broader less prominently toothed leaves and the smaller broader fruit.

Central Asia—Lake Alakul, Songaria {Schrenk).

3x2
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I arn indebted to the Botanical Museum of St. Petersburg for specimens of this

variety, which I had previously overlooked. I have given a description, as the original

diagnosis, " fructu minore, ellipsoideo," conveys very little information.

Var. MURICATA, A. Br. ex K. Schum. in Mart. El. Bras. iii. pt. 3, 725 (1894) ; Hendle in

Trans. Linn. Soc. ser. 2, Bot. v. 397 (1899).

I have seen the following specimens by which the range of tbe variety is much

extended beyond that given in my revision (Lower Egypt, Ceylon) :

—

Sicily—Palermo {JRoss in Herb. Magnus).

Algeria—Oued (river) Boudouaou and Oued Beghaia {Battandier in Herb. Cosson)

;

Magroun Cherchara {Jjetourneux in Herb. Cosson).

Egypt—Lake Mareotis {Letourneux in Herb. Cosson) ; Medinet-el-Eajum (Schwei^v-

furth^ no. 114).

East Tropical Africa—Albert Xyassa {Stuhlmami, no. 2841, in Herb. Schweinfarth).

Central Australia—Einke Biver (Kempe in Herb. Hort. Bot. Vindob.).

Battandier's specimen from Algeria is not quite typical, having shorter leaves than

usual, 1 cm. long, Avith only 3 to 4 spines on each side. The Albert Nyassa plant is

more robust than any I have seen, with leaves often 1'5 mm. in breadth. The

Australian specimen differs from the Egyptian and Ceylon plants in having rather longer

leaves, which may reach 2*5 or even 3 cm. long, and slightly smaller fruit, barely 3 mm.
long by 2 mm. broad.

The variety has evidently a wide range in the tropics of the Old World and will

doubtless be found in many other localities.

Subgenus 2. Caulinia, A. Br,

§ 1. Spathacece.

4*. Najas AFriNis, sp. nov.

Herba caulibus tenuibus ; internodiis sub apice ramulorum congestorum admodura

abbreviatis et cum foliis recurvatis habitum N. minoris prsebentibus \folus patentibus,

planis, linearibus, margine cum dentibus parvis numerosis regulariter instructis ;

vagi7ii8 late rotundatis, margine breviter fimbriatis ; squamulis intravaginalibus

lanceolatis ; Jloribus solitariis ; spatha mascula ellipsoidea, collo Ion go, tenuiter

cylindrico, ore spinifero, anthera quadriloculari ; spathce foeminece collo superne in

limbis linearibus binis oppositis unispiniferis elongate ; fructu
Shoots to 30 cm. long, lower internodes 5 to 5-5 cm. long by '75 mm. broad. Leaves

1-5 to 2 cm. long by '5 to '7 mm. broad, teeth 12 to 18 on each margin, one-fourth of the

leaf-width in length ; sheaths 2 mm. long and broad, upper margin and shoulders

irregularly broken into short narrow outgrowths tipped with spine-cells, the outgrowths

may extend almost to the base of the sheath ; intravaginal scales '75 mm. long. Male

Jlower 2 mm. long including the neck of the spathe
; female, apparently not quite mature,

1-5 mm. long, spathe ellipsoidal with a cylindrical neck passing above into a pair of long

narrow spine-tipped outgrowths overtopping the two stigmas.

Closely allied to N. Welicitschii, Rendle, from which it is distinguished by a less lax

habit, the tuft-like densely leaded terminal branchlets, the more regularly toothed
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spreading firmer leaves, fimbriate leaf-sheath, and the pair of terminal outgrowtlis on the
female spathe.

Described from a plant in Herb. Cosson (Paris), collected by Lcpricur ; no locality is

given, but it is doubtless from Senegal.

5. Najas madagascariensis, Rendle in Trans. Linn. Soc. ser. 2, Bot. v. i02 (1899).
The following extends the range of this species, hitherto known only from Mada-

gascar :

—

Mauritius—River Moha (B. K. Johnston).

Bourbon—St. Benoit (De Vlsle, no. 563), St. Paul (Be Vhle, no. 1 tl), both in lIcM-b.

Cosson (Paris).

§ 2. Americana^.

7. Najas flexilis, Eostk. & Schm. PI. Sedin. 382 (1824) ; Rendle in Trans. Linn.

Soc. ser. 2, Bot. v. 403 (1899).

I have noted the following additional localities :

—

Europe—Pomerania, Stettin ; Lithuania, Lake Switez {Dybowski in Woloszczak, Fl.

Polon. cxsicc. no. 783).

The second specimen gives an interesting south-eastern extension of the species.

North America—Labrador {Lamaric-Ficquot in Herb. Paris) ; Buffalo {Clinton) ;

Chicago {Taylor) ; Long Island (Miller); Pennsylvania (Bischoff).

Tar. ROBUSTA, Morong, in Coult. Bot. Gaz. x. (1885) 255, et in IMem. Torr. Bot. Club, iii.

no. 2 (1893), 60 ; Rendle in Trans. Linn. Soc. ser. 2, Bot. v. 404 (1899).

I had not seen specimens of this variety when my revision was published, and suggested

that it might perhaps be a form of 3\ microdon, A. Br. Through the kindness of

Professor Trelease I have just received two small specimens from Morong's Herbarium

now at the Missouri Botanical Garden. They were collected at Pine Lake, Clinton Co.,

Michigan, and have every appearance of a robust form of .V. flexilis.

1 should describe the leaves, which are strongly ascending, as linear-tapering rather than

jsimply linear. The specimens are sterile, as stated by Morong.

9. Najas microdo:n% A. Br. in Sitzungsb. Ges. Naturf Fr. Berlin, 1868, 17; Rendle

in Trans. Linn. Soc. ser. 2, Bot. v. 405 (1899).

I have noted the following additional localities :

—

North America—Nebraska (Bydberg, no. 1786) ; Missouri, St. Louis ; Fossds de

rOhio (Lesquereux in Herb. Boissier).

West Indies—St. Domingo (Bertero in Herb. Paris, Poiteau in Herb. Delessert).

South America—French Guiana (Leprieur in Herb. Paris) ; Venezuela, " Laguna

Puria? bei Victoria " (X«;'*^^« iu Herb. Mus. Palat. Vindob.) ;
" locis fl. Amaz.

stagnantibus, Ega" (Boppig iu Herb. Mus. Palat. Vindob.).

13. Najas conferta, A. Br. in Sitzungsbcr. Gcs. Naturf . Fr. Berlin, 1868, 17 ;
Rendle

in Trans. Linn. Soc. ser. 2, Bot. v. 409 (189.0).

Additional locality :

—

French Guiana—[Leprieur).
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14. Najas arguta, H. B. K. Nov. Gen. et Sp. i. 371 (1815) ; Eendle in Trans. Linn.

Soc. ser. 2, Bot. v. 410 (1899).

Evidently a Avidely distributed tropical South-American species, at present known from

the east coast and from the north-west, but doubtless to be found elsewhere. The

following gives the distribution according to present knowledge :

—

Brazil—Ad oram meridionalem flum. Amazonuni, ad ostium fium. Solimoes [Spruce,

no. 1622) ; Ilhios (near the coast at 15° lat.) {Martius).

Colombia—Near Mompox (Eiver Magdalena) [E. B. K. I. c.) ; La Paila [Holtoji) ;

[Lohb).

Ecitador—Guayaquil Kiver (Javneson, no. 544).

§ 3. Euvaginatce.

15. Najas minor, All. PL Pedem. ii. 221 (1785) ; Eendle in Trans, Linn. Soc. ser. 2,

Bot. V. 410 (1899).

The following notes are of interest for the distribution of the species :

—

North Germany—Menz bei Bheinsberg, Tiefer Nemitz See {3Iagnus) ; Parsteiner See

bei Angerniiinde (Ifagnus).

Professor Schinz tells me that it is a rare plant in Switzerland.

South-east Rl'SSIa—Mouth of the Yolgti, numerous localities {Korshin^ky).

A fine series recently received by the Department of Botany from the Botanic

Museum, St. Petersburg, and remarkable for showing a wide variation in habit in plants

collected within a small area. Besides the more typical form with the tufted dichoto-

mous habit and rigidulous recurved leaves are forms showing varying degrees of laxity,

expressed by elongation of the upper internodes and less rigidulous recurved leaves ; in

one form the leaves are suberect and quite straight, hanging limply together.

Accompanying the increase in laxity we find diminution in size and prominence of the

leaf4eeth, which in the extreme form become inconspicuous. The character of the

fruit is, however, remarkably constant throughout the series.

Egypt—Riziares du Delta (Herb. Richard) ^ Cairo and Chonbrah {Sickenherger in

Herb. Boissier).

Tropical Africa—Emin Pasha Expedition (Schiveinfurth, no. 4242).

Algeria—Cued (river) Boudjima (Cosson, no. 1185) ; Guebera [Dtirieu in Herb.

Cosson) ; Senhadja [Permudiere in Herb. Cosson).

Tunis—Ad basin Djebel Schkeul (Letournciix in Herb. Cosson).

Japan—In Herb. Drake del Castillo, labelled " Tauighemo " no. 471 (? Faurie).

19. Najas Kingii, Kendle in Trans. Linn. Soc. ser. 2, Bot. v. 416 (1899).

This species was described from a unique specimen collected by Sir George King in

South Andaman.

Its range is extended in the following specimens, which I saw in the Berlin

Herbarium :

—

Tonkin—Mares des environs de Hanoi [Balansa, no. 4651).

Singapore—(Schlesisch. botan. Tauschver. no. 528).
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21. Najas foveolata, A. Br. apud Magnas, Bcitr. p. vii (1870) ; Reudlc in Trans.

Linn. Soc. ser. 2, Bot. v. 117 (1899).

Japan—The presence of the species in Japan has hitherto boon doubtful, dc^pendinif

on a fragment, with young flowers, collected by Miquel I have, however, seen in the

Paris Herbarium a specimen from Yokoska, " in oryzetis inundatis " {Savatler, no. 1348),

which undoubtedly belongs ; also a doubtful specimen without fruit in Herb. Drake del

Castillo (Faurie ?, no. 470, named " fatsaumo *'). A third specimen, also without fruit,

but which I have very little doubt belongs to the species, was collected at Yokohama
(Namnann).

24. Najas tenuifolia, E. Br. Prodr. 345 (1810) ; Pendle in Trans. Linn. Soc. ser. 2,

Bot. V. 419 (1899).

I have seen the following additional specimens. The extension of the range from

North and East Australia to New Caledonia is of interest :
—

Australia—Port Denison, Queensland {Mueller in Herb. Magnus).

New Caledonia—Houailou [Grmioio in Herb. Mus. Palat. Vindol).).

28. Najas setacea, Uendle in Trans. Linn. Soc. ser. 2, Bot. v. 422 (1899).

The locality for this species is Mauritius, not Bourbon as previously stated. A. Braun

received the plant from Mougeot without the collector's name. In Richard's Herbarium,

now in the possession of M. Drake del Castillo, is a specimen labelled Isle de Prance,

Neraud.

29. Najas horrida, A. Br. apud Magnus, Beitr. pp. vii, 46, 47 (1870) ; Rendle in

Trans. Linn. Soc. ser. 2, Bot. v. 423 (1899).

Of this species, hitherto known only from Tropical Africa, there is in Herb. Cosson a

specimen from Algeria :—La Calle, Pivisteau au lac Houbera (JDiirleu).

§ 4. Xudce.

31. Najas graminea, Del. Fl. Aeg. 282,t. 50. fig. 3(1812); Rendle in Trans, Linn.

Soc. ser. 2, Bot. v. 424 (1899).

Of the following additional specimens the most interesting arc those by which the

range of this widely distributed tropical Old-World species is extended to Western North

Africa and New Caledonia :

—

Algeria—Senhadja, Lac Preitis (Letounieux, Permudlere).

Egypt—Damanhur and Rosetta {Letourneux in Herb. Cosson) ;
El Khargeh, Gr. Case

[Schweinfurth, no. 620 in Herb. Cosson).

Nubia—Djur-land, Kutschuk Ali Seril)a [Schioelnfurth, no. 1217).

Syria—Syria littorali (Gaillardet, no. 2246 in Herb. Boissier).

Luzon—{Digaman in Herb. Magnus).

New Caledonia—Mares d'eaux donees situees sur les bords de la riviere d'Ourai, preis

de la Bale Lebris (Balansa, no. 1713 in Herb. Paris).

Australia—Murray River, New South Wales {Mueller in Herb. Magnus).
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Species duhice vel excludendce.

Najas effugita, Heer, Flor. tert. Helvet. i. 103, t. 46. figs. 3a & 3& (1854-55);

Schimper and Schenk, Handb. Palseont. Abtli. ii. 381 (1890).

*' N. fruetibiis minoribus lanceolatis, stylo brevissimo, stigmatibus duobus elongatis.

** Oeningen, Insektenscbicht des untern Bruches."

Not seen.

The figures represent a fruit which is 9 mm. long to the tips of the stigmas, 4*5 mm.

to their point of separation, and 3 mm. broad. It may belong to N. marina, Linn.

Heer suggests a similarity to N. mino7% All., but it is larger than any fruit of this

species Tvliich I have seen.

Najas striata, Heer in K. Svensk. Vetensk.-Akad. Handl. viii. no. 7, 52, t. 8. figs. 5, 6-

(1870) ; Schimper and Schenk, Handb. Palgeont. Abth. ii. 381 (1890).

"3. fructibus ovato-lanceolatis, longitudinaliter striatis, stylo longiusculo.

"

Kingsbai, Spitzbergen.

Not seen.

The specimens consist of narrow, linear, striated pieces of stem and an ovate-lanceolate

fruit, which is 7 mm. long by 2"5 mm. broad .... with well-marked longitudinal striations

and a cross-line at the insertion of the solitary style. Only one stigma is present. The

author says :
" It is very similar to Najas stylosa, Heer, but distinguished by the longi-

tudinally striated fruit. The fruit closely resembles in form that of N. flexilis, which

also has a long style, but it is much larger and not smooth."

I do not think that any of the specimens belong to the genus.

Najas stylosa, Heer, Plor. tert. Helvet. i. 103, t. 46. figs. 1 & 2 (1854-55) ; Schimper
and Schenk, Handb. Palaeont. Abth. ii, 381 (1890).

" N. fructibus ovato-lanceolatis, stylo longiusculo, stigmatibus duobus elongatis.
*' Oeningen, Insektenscbicht des untern Bruches."

Not seen.

Fig. 1 represents a stem bearing leaves, and probably does not belong to the genus.

Fig. 2 represents an axillary fruit with a pair of stigmas, and measures nearly 1 cnu
in length to the tops of the stigmas and 8 mm. to their point of separation. If it is

a species of Najas, the large size of the fruit precludes all except N, marina, Linn.

The determination of these species, which assume the existence of Najas in Tertiary
times, seems extremely doubtful.
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XIV. The Comparative Anatomy of certai^pecies 0/ Encejolialartos, Lelw).

By W. C. WoR^LL, F.L.S.

(Plate XLIII.)

Read Kith November, 1899.

IHERE may be said to be two types of structure prevailing in the stems of the

Cycadacese—viz., the one in which there occurs a single vascular cylinder, as in

the majority of Dicotyledons ; the other in which there is more than one cylinder, often

as many as a dozen. There are three genera which present this last type of structure,.

viz., Cycas, Macrozamia^ and Encephalartos. Of these, the first two have already been

worked out and described in detail ; the third, although the main features of its structure

have been superficially touched upon and referred to, has yet to be treated in the same

way as the others have been. This detailed account of the structure I propose giving in

the following pages.

Historical Survey.

Mohl * in his paper, " Ueber den Bau des Cycadeenstammes," shortly describes the

structure of Encephalartos under the generic name of " Zamia." He distinctly mentions

the occurrence of the medullary system of bundles, and states that of a second vascular

cylinder there are only very inconspicuous traces. The species described by him under

the old generic name were Encephalartos latifolia and E. horrida.

Miquel's monograph f includes many species of Encephalartos, but, naturally, very

little information as to the anatomical structure is given.

Mettenius %, in his excellent work on Cycadean anatomy, treats briefly of the principal

features of the stem-structure of Encephalartos, as also of Cycas^ Eicon, and Zamia

tnuricata.

Encephalartos catfer, Lehm.

General Structure.

Having obtained from Mr. Wm. Bull, of Chelsea, an old plant of Encephalartos caffer,

Lehm., with a stem about 9 inches in diameter, I was enabled to carefully investigate its

anatomical structure and to compare it with that of Cyca^ and Macrozamia. I have

found the structure to be extremely similar to that of the latter genus—so similar, in

* Abhandl. der konigl. baj-. Akad. zu iliincbcn, i. 1832, pp. 397-442 ; republished and revised in ' Vermischte

Schriften/ 1845, pp. 105-2 U.

t Monographia Cycadearum, 1842.

t "Beitriige zur Anatomic der Cycadeen," Abhandl. der kiinigl. sachs. Gesellsch. der Wiss. vii. 1801, pp. 565-609.
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fact, that it appears surprising that the plants should be placed by systematists in

distinct genera. In view, therefore, of this fact, it will not be necessary to describe the

structure of this plant in any great detail.

The main features of this structure are, as in Macrozamia Fraseri^Miq., the possession

of a wide pith, traversed by an anastomosing system of vascular bundles and mucilage-

canals ; a number (4 or 5) of vascular cylinders extremely broken up by medullary rays,

so as to be composed of distinct wedge-shaped segments, often widely separated from

each other; a thick cortex, traversed by innumerable leaf-trace bundles, and l)ouuded on

its outer periphery by the leaf-bases.

I will now proceed to briefly describe the structure in the diflFerent regions of the stem,

restricting my remarks to those points only in which the structure differs from that of

JIacrozamia Fraseri^ Miq.

Cortex.

'J'here is as yet, in this plant, no sign of any formation of periderm at the periphery of

the cortex cutting off the leaf-bases ; the tissue of these latter is still fresh and directly

continuous with that of the cortex.

The mass of tracheides, constituting a large bulk of each girdle-leaf-trace bundle,

possess reticulate, but never or rarely spiral thickenings, and thus do not present so great

a resemblance to protoxylem as is the case in 3Faci'ozcmiia Fraseri, Miq.*. The rest of

the secondary tracheides on the lower side of each girdle-trace, wliich may form a

considerable thickness of the bundle, possess scalariform pittings on their walls, which

may either extend the whole way across the wall, so as to present the appearance of a

close spiral, or may form several rows of short pits as in the Ferns (PL XLIII. tig. 1).

The Fascula}^ Zones.

In the lower part of the stem about Jive distinct zones or cylinders of vascular tissue

are observed (fig. 2) ; thus rather more than in Ilacrozamia Fraseri, Miq. These

in the upper and younger part of the stem dwindle to two zones. Here and there

large segments or bundles can be seen lying, apparently qiiite out of place and somewhat
obliquely, between any two of the rings (fig. 2); these constitute the connections

between the successive vascular rings—a function which cannot be discerned from an

examination of a single transverse section alone, but can be readily made out from a

series of such, as also from a radial section (fig. 3) ; in the ordinary cross-section these

strands appear merely as irregularly-placed segments of the rings. In describing the

structure of the Macrozamia I omitted to draw attention to their presence, as they were
much less obvious in that plant.

Fig. 2 is a diagrammatic view of a portion of a transverse section of an unknown
species of Encephalartos from the collection in the large Kew Museum, and affords an
excellent illustration of the general type of vascular structure of this genus as described

above.

* Worsdell, " The Anatomy of the Stem of Macrozamia compared with that of other Genera of the Cycadeffi,"

Ann. Bot. vol. x. 1896.
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Throughout the stem and, at least in tlie upper portion, in more than one of the zones,

the younger sieve-tubes of the phloem exhibit on their oblique terminal or radial walls,

as seen in transverse section, distinct traces of callus on the sieve-plates, stained with

a watery solution of aniline blue, although this substance appears to be mucJi less

frequently present in the lower and older than in the upper and younger part of th(^

stem.

Although the character is one found also in Macrozamia, I consider it important to

state that the curious, irregularly-shaped tracheides described in that plant and in Ci/cas

also occur here, scattered amongst the cells of the ground-tissue and the sclerides, on the

inner side of the xylem between two successive vascular rings. These tracheides I regard

as homologous with the tracheides occupying the centre of the concentric vascular strands

in the cortex of the stem and root of Cycas, and of tliose strands wliich constitute^ the

chief vascular structure of the MeduUosea?.

Owing to the early obliteration of the protoxylem elements as seen in the case of the

innermost vascular zone, no criterion must be sought from the (apparent) absence or

presence of protoxylem in the outer zones as to the primary or secondary origin of the

latter. This important point can only be satisfactorily settled by reference to the upper

part of the stem near the apex, where the second vascular zone can clearly be ol)served

to originate in cambial divisions arising from the parenchymatous tissue immediately

outside the phloem of the primary vascular zone, and which Costantin and Morot

determined to be the pericycle *.

A point which was not observed in Macrozamia is the fact that the cambiums of most

of the Tascular zones appear to be all active at the same time, for, in at least three or

four out of the five zones, narrow and extremely thin-walled cells, with very conspicuous

nuclei, were observed, both cell-walls and nuclei staining deeply with hocmatoxylin.

This seems to point to the fact that the cambiums of the older zones, as that of each

successive new zone arises, do not cease to be functional (at least in this instance), as has

been stated to be the case by various authors for other plants, but rather that new

elements are added to all or most of the zones simultaneously for a prolonged period.

An important and, indeed, the only apparent difference between the structure of the

stem of this genus and that of the stem of Macrozamia Fraseri, Miq., is the absence, or

apparent absence, in the former of the highly interesting tertiary strands with inverted

orientation, whose character and homologies were fully discussed in my former paper.

Although careful search was made, I could detect absolutely no trace of any such

structure in this stem. This does not, however, preclude the possibility of their being

present in some other species ; and it is quite probable that they would not be found in

all species of Macrozamia.

In the larger meshes of the network exhibited by a tangential section of the phloem of

any of the vascular zones are seen the leaf-trace bundles accompanied always by a

mucilage-canal, the latter passing right through to the pith, for there is a coiitinuons

system of these mucilage-canals throughout the entire parenchymatous system of the

* EuUetin de la Sociote Botanique de France, xxsii. Ib85, pp. 17^i-175.
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plant. The individuality of the leaf-trace bundle is destroyed soon after it enters the

xylem of the innermost zone, for it here gives off connections during its inward course to

the strands of this tissue, so that a complete transversely-sectioned bundle is not usually

observed in the larger meshes of the xylem-network as is the case in the phloem.

The Fith.

The individual bundles forming the complex medullary vascular system are similar in

form to the segments composing the vascular zones ffig. 4) ; those in the lower part of

the stem are, naturally, by far the largest and equal in size to those segments, consisting

almost entirely of secondary xylem and phloem, with a few small, irregularly-placed,

reticulate tracheides, -which represent the primary xyleui of these bundles. Several

radial rows of vascular tissue may be formed around a mucilage-canal separated by rows

of parenchyma-cells which represent medullary rays (fig. 6).

Mohl * states that the medullary bundles of JSncepTialartos pass through the

medullary rays and become connected in the cortex with the leaf-trace bundles. This

statement, however, as I have been careful to determine, is an erroneous one. The

medullary bundles constitute a vascular system quite independent of that of the leaf-

traces. They penetrate the inner vascular zone by the medullary rays (fig. 7), their

tracheides uniting with the similar elements of that zone (fig. 8). This latter diagram-

matic figure illustrates remarkably well the point above referred to, for a leaf-trace

bundle from the cortex is here shown fusing with the same vascular zone and in close

proximity to the point of fusion of the medullary bundle, but, it is to be noticed, quite

independently of the latter. Pig. 7 represents a tangential section of the xylem of the

inner vascular zone with a medullary bundle lying obliquely in the ray and about to

fuse with the adjoining strands ; a mucilage-canal is seen to be accompanying the

bundle.

Structure of the Hoots.

The original primary tap-root of the plant had completely died away, and had been

succeeded by a number of adventitious roots springing from the flattened and partially

decayed lower end of the stem.

It appears that these plants, which grow in clefts of rocks in the hilly country of South
Africa, have, at a certain season of the year, to endure a dry season, during which their

tap-root entirely dies away, along with, presumably, the foliage. During this period the

stem, swollen as it is with its massive parenchymeitous tissues and protected externally

by the thick and coriaceous leaf-bases, probably acts as a water-reservoir by means of

the network of mucilage-canals penetrating every part of the organ, the mucilaginous

secretion serving to retain every particle of moisture previously absorbed by the root,

and thus to preserve the stem from desiccation. It seems to me that this is a very

probable explanation of the presence of such a vast system of mucilage-secreting canals

in the stems of Cycads. It is a significant fact in this connection that the roots are

* Vermischte Schriften, 1845, p. 200
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entirely devoid of mucilage-canals. At the end of the dry season adventitious roots are

emitted by the stem, fresh leaves are put forth, and growth proceeds as before.

A transverse section through the upper and thickest portion of one of the adventitious
roots, close to its junction with the stem, exhibits a very thick cylinder of xylem enclosing
a fairly wide pith

; the phloem is very much narrower than the xylem and the inner

contour of the xylem is almost circular, and I could not discern how many protoxyhim-
groups were present. Great numbers of sclerotic cells occur in all the parenchymatous
tissues and in the phloem. Mucilage-cells are absent.

The most interesting feature of the root is the presence, immediately outside the large

cylinder, of one or two smaller cylinders or concentric strands, w4iich are possibly not

entirely closed on their inner side. Their elements are extremely irregular in position and
course, many of the segments composing them running tangentially instead of vertically.

Each encloses a pith containing great numbers of sclerotic cells. They are probaldy entirely

secondary in origin, and are doubtless homologous with the similar strands occurring in

the roots of Cycas revoluta *, Thunb. They fuse with the main cylinder lower down,

;and thus occur only in the upper and oldest part of the root where it adjoins the stem.

In one thick root examined the jnth of the large cylinder is full of tracheides, contorted

and involuted in every conceivable direction. They appear to be merely tracheides of

the imier part of the xylem, which lias, for some strange reason, assumed this unwonted

and anomalous course in the pith.

Younger roots are triarch and diarch in structure.

E^fCEPHALARTOS HORRIDTJS, Lehm.

I examined a plant of this species from the Palm-house at Kew, having an axis 4-6

inches in thickness.

The central cylinder of the stem gradually narrows in diameter as it passes down into

the ta/p-root, w^hich in this specimen is preserved. Considerable irregularity prevails in

the setting and position of the tissues in the lower region of the stem. On one side of

the cylinder, in the transitional region betw^een stem and root, and immediately on its

outer periphery, as seen in transverse section, occurs a large vascular strand with a

great amount of xylem and phloem, all probably of secondary origin (fig. 9, cs^). This

strand evinces a tendency towards a coticentric structure. It is perfectly similar to and

homologous with the semi-concentric strands situated on the periphery of the central

cylinder, which some time ago I noted in the transitional region between root and

stem of a small plant of Macrozamia Demsonii, F. Muell., as also with the similar

strands in the same region in Cycas reroluta, Thunb. Like those in the latter plants, the

strand under consideration has connections with the central cylinder. On the dorsal

side of, and closely abutting on, this large strand occur at one level two other smaller

ones of the ordinary collateral structure and orientation (cs-). At another level two

strands are seen, one on each side of the large one, each with a considerable amount of

* WorsdeU, " The Comparative Anatomy of certain Genera of the Cycadaceae," Journ. linn. Soc., Bot. vol. xxxiii.

1898, p. 440, pi. 20. fig. 5.
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secondary thickening, one of which has inverted orientation, i. e., with its xylem directed

onticords, and which, if traced to another level, is seen to fuse with the central cylinder.

The strand on the other side eventually fuses with the large semi-concentric one.

Further out in the cortex are scattered other much smaller bundles with inverted

orientation {cs^}. Another group of three bundles was observed, with their xylem^

mutitally directed toicards each other {cs^).

All these smaller strands I regard, with the larger one above described, as being

cauline in origin, both on account of their peculiar orientation and grouping, and the

fact that no leaf-bundles exhibiting the normal orientation and course are present in the

cortex of this transitional region, but only first make their appearance at a higher level.

All these cauline strands are found only in this transitional region between stem and

root, and are both above and below this region no longer to be met with, l^he great

importance of this point will be fully dealt with later on. The large strand is, as

in 3Iacrozamia Denisonii, E. MuelL, probably continuous in both directions with the

central cylinder, as also, in all likelihood, is the case with the smaller normally-orientated

strands immediately abutting on its dorsal side. But, unfortunately, not one of these

strands was distinctly traced throughout its whole course.

At the same level at which these cortical caiiline strands appear, the central cylinder

at one point exhibits a most peculiar anomaly, inasmuch as it there undergoes a curious

invagination, so that an arc of bundles, all more or less intimately united laterally, is seen

projecting into the pith.

An outer vascular zone has not yet arisen in this stem similar to that in the last

species. But there cannot be much doubt that the strands above described represent

the first beginning, although on one side of the stem only, of the outer vascular zones,

each strand representing in reality a single segment of a whole ring.

At a somewhat higher level the leaf-trace bundles appear in the cortex, so that it is

possible, what could not be certainly made out from the structure of the central cylinder,

that the region below this level belongs to the root rather than to the stem, although

mucilage-canals are there present both in pith and cortex, and medullary bundles are

also abundant.

The tap-root is exceedingly thick and swollen in one portion of its length, so that the

xylem becomes broken up by the expanding parenchymatous tissues into a large number
of scattered fragments.

Encephalartos lanuginosus, Lehm.

One out of a number of lateral branches arising low down on the stem beneath the

level of the soil was afforded me for investigation. The plant, for the branch had become
independent by developing a thick adventitious root simulating very closely both in

position and structure a primary tap-root, has about the same thickness of stem as the

last species described.

The lower part of the stem, which has a very much less diameter than the major

portion, shows, as regards development of vascular tissue, a very great advance on
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E. horridus, Lelim. Three or four vascular zones, greatly divided up into distinct

segments in places and very irregular in position, are already formed. Tlie pith in the
lowest part of the stem is extremely small in area, and traversed by strands running
across from one part of the cylinder to the other. Higher up in the stem only two
vascular zones are present ; the origin of the second one, from cambial divisions taking

place in the parenchyma 8 or 10 layers of cells away from the first zone, is very clearly

seen in the uppermost part of the stem.

Medullary Ijundles and mucilage-canals are very sparse in this plant, at least at this

stage of its development.

A curious concentric grouping of bundles in the cortex was observed in one transverse

section from the lower part of the stem, reminding one of a similar case seen in the

cortex of the stem of Macrozamia Fraseri, Miq., and of the concentric grouping of the

leaf-trace bundles in the Medulloseae.

In some of the radial sections of the vascular zones the large, reticulate tracheides

resembling transfusion-tissue are very clearly recognized amongst the parenchyma- cells

between the two zones.

Structure of the Moot.

The thick adventitious root has a structure which is, doubtless, quite similar to tliat

which the primary tap-root would have presented had it been present. Developed

around a small pith are two very thick vascular zones. At one point, immediately on the

outer periphery of the second zone, is a thick strand of secondary tissue, curved slightly

inwards at each end, similar, although not so far advanced towards the concentric

structure, as the large cortical strand described above for E. horridus, Lehm. Thus we

find here the same structure as in the transitional region between stem and root in

E. horridus, Lehm., with the exception tliat in the latter one vascular zone instead of

two is developed.

The structure of an adventitious branch of E. Altemteinih Lehm., was also examined,

but as it reveals nothing fresh, but exhibits essentially the same structure as that of

E. ImmginosKS, Lehm., a separate description thereof is not deemed necessary.

Summary and General Conclusions.

The following are the chief results, with the conclusions I formulate therefrom, which

accrue from the comparative investigation of the above species of Encephalartos :—

1. The structure of the vegetative organs, consisting of stem, leaf, and root, of the

four species of Encephalartos is in almost all respects similar to that of the two species

of Macrozumia^ viz., M. Fraseri, Miq., and M. Denisonii, F. MuelL, already mvestigated

by me.

The difference in the reproductive organs between the two genera, upon which

systematists have hitherto founded their classification, appears to me to consist of quite
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minor points, the most essential characters being common to the two genera. This fact,,

taken together with the intimate agreement of the two in their vegetative structure,

seems to me to be strongly in favour of the future union of these two genera into a

single one by systematists.

I may here remark that the Cycadacese afford a striking instance of a case where the

anatomy, even more in some instances than the reproductive parts, may afford an

important basis for classification, not only with regard to the different genera amongst

themselves, but with regard also to living plants of other groups, and especially to fossil

forms.

2. The occurrence in three of the species examined of more than one vascular ring, as

is the case in Cycas and Macrozamia. My specimen of one of these species is a plant

many years of age ; the others are adventitious branches of very old plants ; all possess

adventitious roots only.

3. The fourth species [E. horridus, Lehm.), a seedling plant still retaining its primary

tap-root, exhibits as yet but a single vascular ring. But in the transitional region

between stem and root occur a single large cauline strand and several smaller ones, such

as have been described in the main part of the paper above. With regard to these

vascular strands I would here adduce the following considerations :

—

a. The plant exhibiting this structure, with its primary tap-root still retained, must

necessarily be at a much younger stage of development than any of the other three

species.

h. This being so, it is quite natural to find the outer vascular rings as yet undeveloped.

But I hold that the large vascular strand cs^ and the much smaller ones cs^ of fig. 10

represent the first sporadic and local beginnings of the second and third vascular rings

respectively. At a later stage of growth cambial divisions would extend all round and

give rise to the second and third rings in their entirety.

c. 1 have stated that the small inverted tertiary strands of Jlacrozamia Fraseri, Miq.,.

ar(; absent or indistinguishable in Encephalartos caffei\ Lehm. This is true. But in

E. horridus, Lehm., there exist strands with inverted orientation, of which cs'^, fig. 10,

is an example. This small isolated bundle I regard as a representative of part of the

fourth vascular ring and perfectly homologous with the inverted strands belonging to

the vascular rings in Macrozamia Fraseri, Miq.

4. The large, irregularly-shaped, reticulately-thickened tracheides occur, as in Macro-
zamia and Cycas, between the xylem of an outer and the phloem of the next inner

vascular ring. They are the first-formed, probably secondary tracheides of the former,

and may be considered as homologous with the reticulate tracheides occupying the

central region of the cortical concentric strands of the stem and root of Cycas. I may
here add, with regard to these elements, some observations on the first origin of the

vascular tissues outside the central cylinder or stele, as noticed in a young stem of

Cycas revoluta, Thunb., where the second vascular ring was making its earliest appear-

ance, and in the upper hypocotyledonary portion of the primary tap-root of a seedling of

the same plant, where one of the small concentric strands was becoming differentiated

imraeaiately outside the central stele. In both these cases it was observed that the first-
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formed vascular elements arose by tangential division of the large, rounded or ani,ndar,

cortical or pericyclic cells, resulting in the large, isodianietric, irrcgularly-sliaped

tracheides of precisely similar shape to those cells. After one or more of such elements

have been cut off, the parenchyma-cells begin to divide radially as well as tangentially,

in this way forming smaller and smaller elements with each centrifugal division, until at

length the majority of the tracheides are of the same size and shape as those of the

central cylinder or stele. The large first-formed tracheides very soon become displaced

owing to the pressure of surrounding tissues. This fact, together with that of the great

diffei-ence in size between these and the later-formed tracheides, renders the determination

of their mode of origin, at an older stage of the same vascular tissues, utterly obscure,

Tlie similar reticulate tracheides in the cortical concentric strands, more distant from the

central cylinder in the stem of Cycas, in all probability arise in precisely tlie same wa\

,

but, in that case, I did not succeed in definitely determining their mode of origin.

5. The cambium of several of the vascular zones is, judging from the appearance

presented by its cells, simultaneously active.

6. All the secondary tracheides of the leaf-trace bundles possess dense spiral or, more

probably, scalariform thickenings, thus differing somewhat from the leaf-traces of

Macrozamia Fraaeri, Miq., w^here only a certain number of the secondary tracheides are

spirally thickened.

7. A medullary system of bundles occurs in all four species, similar in every respect to

that of Macrozamia Fraseri, Miq. This system is intimately connected with a similarly-

anastomosino- network of mucilage-canals which is continuous with that of the cortex.

The medullary vascular system is, however, quite independent of the leaf-trace system of

the cortex. The bundles are primary in origin.

Although the presence of a medullary vascular system would appear, so far as one can

judo-e from the examination of but four species, to be universal in the genus Encei^halartos,

the same cannot be said of Macrozamia, for no trace of such a system could be detected

in the stems of either M. Denisomi, F. Muell., or M. spiralis, Miq., although it is

possible that the latter plant was at rather too young a stage of growth to be able to

exliibit the structure.

8. When the plant, growing in its native habitat, has reached a certain age, the

primary tap-root dies aw^ay as the dry season approaches. The mucilage-canal system

then probably acts as a water-reservoir. Next season adventitious roots arise. These

exliibit in their upper and older portion a structure similar in many respects to that of

the primary root of F. horridus, Lehm., viz., either one or two vascular rings and one or

more semi-concentric cortical strands.

Finally, after the above observations on the extremely interesting structures m the

vegetative organs of Fncephalartos, I should like, before concluding the paper, lo bring

forward some considerations with regard to the phylogenetic relationships of the

Cycadacese, suggested by the contemplation of the various structures in this genus.

In the first place, I wish to restate the generalization made or inferred in my account

of the anatomy of Macrozamia Fraseri, Miq., viz., that the stem-structure (as also, of

course, that of the upper portion of the root) is in aU probability derived from the

SECOND SERIES.—BOTANY, VOL. V. *^ ^
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structure of the same parts in fossil plants identical with or closely allied to the

Medullosese. The formation of the successive vascular rings would have been brought

about as follows:—The original structure in the Medullosese "consisted," to quote my
former words, "of rings or layers of concentric vascular strands. ... As time x^ent on,

and greater specialization in the conducting-tissues arose, and a need for the formation

of a larger amount of this tissue became urgent, the cambium of the inner portion of

each such concentric strand gradually became less and less functional, that of the outer

portion, on the contrary, more and more active, so that a much larger quantity of wood

and bast became formed on the outer side of each strand than on the inner side, for this

was the surest and best means of economizing both space and expenditure in the building

up of an efficient conducting-tissue for the stem. The result is, finally, the structure,

as we at present know it, in the stem of Cycas, JEncephalartos, and Macrozamia.'"

Dr. D. H. Scott, in his extremely interesting and valuable paper on the structure of

Medullosa anglica, holds the above view to be " fallacious," on the ground that " the

primary ground-plan of the stem-structure of a polystelic Medullosa was fundamentally

different from that of the monostelic Cycadaceae." For myself, however, and with all

deference to the authority and experience of the author just quoted, the primary ground-

plan of the two structures cannot be regarded as " fundamentally different," inasmuch as

I hold (which Dr. Scott does not) that in the " monostelic " genera

—

Stangeria, Cerato-

::cnnia, Zamia, Boicenla—there is evidence for the derivation of the central cylinder of

the stem from a ring of steles or concentric bundles. What I regard as a relic of the

ancestral structure is here found in the most primitive cauline organ of the plant, viz.,

the peduncle, and consists of tracheides occurring in considerable numbers on the inner

or ventral side of the protoxylem of each bundle, and, what is more remarkable still,

occasionally accompanied, as was seen in the case of Stangeria^ by phloem on the inner

side of these tracheides, /. ^., on the side nearest the centre of the peduncle. Once or

twice an entire bundle, with inverted orientation, was observed on the ventral side of,

and in close proximity to, one of the bundles of the cylinder. This centripetal xylem of

the central cylinder of the peduncle of the four genera mentioned was first discovered

by D. H. Scott, and has been carefully and minutely described by him in a valuable

paper*.

The curved, in some cases almost horseshoe-shaped. in one or two cases perfectly

concentric, contour of the bundles composing the cylinder in the lower part of the

peduncle at once suggests the idea of their derivation from concentric bundles or steles.

The same may also be said of the bundles of the cylinder in the axis of the male

cone of Ceratozamia niexicana, Brongn. f, and C. latifolia, Miq. %. Here also occurs

another piece of evidence for the Medullosean ancestry of these plants, in the form

of concentric and collateral bundles in the pith of the same size as the bundles of

the cylinder, as also much smaller collateral ones of inconstant orientation. That all

these bundles are vestiges of an ancestral condition is shown by their inconstant structui'e

* Scott, Aim. Bot. vol. xi. 1897, p. 403.

t Thibout, Recherches sur TAppareil Male des Gymnospermes, 1896.

t Worsdell, Ann. Bot. vol. xii. 1898, p. 232.
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and orientation and their more or less rudimentary development. Scott's explanation uf
the centripetal xylem in the peduncle of Stangeria is that it is a vestige of a structure

such as occurs normally in the vegetative stem of sucli fossil plants as Lyginodendron
and Calamopitys Saturni, Ung., and he parallels the occasional occurrcmce in Stawjeria

of internal phloem and entire inverted bundles with the case of Seward's LyginoOeudron
rohustum, where vascular tissue w ith inverted orientation also occurs on the inner side of

the primary xylem, as it also occasionally does in L. Oldhamium. The comparison thus^

instituted I should distinctly support. But, on the other hand, I regard the vascular

tissues with inverted orientation, which occur regularly in L. rohustumy Sew., and
irregularly in L, Oldhamium, not as sportive and utterly abnormal, but as a reversion to

the typical ancestral condition. That the vascular stem-structure of Lyginodendron is-

really composed of the vestiges of a ring of concentrically-constructed ^ivmnh is distinctly

shown, as in the peduncle of Stangeria, by the curved contour of the bundles composing

the cylinder in L. Oldhamium. I am very far from regarding the stem-structure of

this plant (like Scott does) as derived from that of Heterangium, this latter being,

with its single large stele, really a variant on that of Mednllosa w ith its ring of several

steles, just as is also the case with Colpoxylon, which latter plant may, in fact, be

regarded as a Mednllosa possessing one or two large steles or concentric strands instead

of a number of small ones. Such forms as Heterangiiim are not necessarily the most

primitive; ^ polystelic member of the Cycado-tilices, Cladoxylon, is found at a geological

horizon quite as low as that at which Meterangiimi occurs. The latter plant probably

represents a distinct phylum of development. Lyginodendron more nearly resembles-

the typical Medulloseie and existing Cycads, its structure consisting, as in both these

groups, of a ring of steles or vestiges of such. Its ancestors never bid prhnary

tracheides occupying the so-called " j)ith."

Scott says again :
—" Extrafascicular zones occur in the same form in some MedulloseiB

as in certain recent Cycads, so it appears unnecessary to derive this part of the structure

from a reduced system of rings." Eut this part of his argument carries but little weight,

for it appears almost certain (is, at least, highly probable, in view^ of the transitional

structures found in other species of Medullosa) that the structm-e referred to has itself

been derived froni the dclinite polystelic arrangement of its own more internal strands

and of those of the more typical forms.

I may add that valuable evidence for the origin of the stem-structure of Cycads from

that of the Medullosese has been observed in the roots of several genera—e. g., Cycas

revoluta, Thunb., C Seemauni, A. Br., Encephalartos (described above), and Macro-

zamia,—viz., in the upper or hypocotyledonary part of the organ near the transitional

region between stem and root, i would draw very special attention to the fact (for ou

this depends much of the weight of my whole argument) that this is the region par

excellence where the jirst-formed tissues are situated and therefore where ancestral

characters would be sure to preponderate. The vascular tissue arismg outside the

central stele in this region assumes the lorm, when it is first laid down, of, in some cases,

perlectly concentric, in others partially concentric, strands or portions of such. These

structures in the root are only found in those genera with more than one vascular ring

3z2
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in the stem ; the primary tap-roots of Stangeria and Bowenia, two genera with but a

single vascular ring, do not exhiljit these outer concentric strands, as would, in all

likelihood, also be the case with Ceratozamia, Zamia, and Dioon, the remaining three

o-enera possessing a single vascular ring in the stem. This is a fact of importance, for it

points, with a fair amount of certainty, to the conclusion that the concentric or partially

concentric strands, or the fragmentary portions of such, situated at various radial

distances outside the central root-stele, are the homologues of the second, third, orfourth

vascular icings in the stem. And it is probable that, at a later stage of growth, the place

of these strands would be occupied by a vascular ring of collateral structure, when the

inner portion of each strand would become displaced and isolated as small bundles Avith

inverted orieatation of their parts, such as were shown by me to exist in the lower

portion of the stem of 3facro::amia 'Fraseri, Miq.

PL XLIII., fig. 9, 1 regard as of extreme importance in helping materially to substantiate

the views I have put forward as to the phylogenetic origin of the successive vascular

rings of Cycads, for it presents within small compass that which, if rightly interpreted,

is, to my own mind, at least, a key and clue to the whole question. I hold, then, the

significance of this structure to be as follows :—The strand cs^ represents and is homologous

with the second vascular ring of the higher regions of the axis, but it retains (and this

is the important point) almost the entire contour of the primitive concentric constituent

of the ring ; the two bundles cs- represent two concentric strands of the third vascular

ring (of which, in each case, all but one of the outer segments, exhibiting, of course, the

orientation of the first ring or central cylinder, have become obsolete) ; in the same way
the fourth vascular ring has for one of its representatives at this level of the axis the

bundle cs^, the sole remnant of a concentric strand whose innermost segment has alone

survived. It is highly illustrative of what I have been endeavouring to point out with

regard to the meaning and origin of these cortical strands, that cs^, at the same distance

in the cortex from the central cylinder as cs^, affords what I regard as an example of

one of these concentric strands which has, happily, retained in .more perfect form than

the rest its primitive structure. Its parts are, it is true, rather loosely connected together

and isolated, thus giving this strand the appearance of a group of bundles rather

than of a single one ; but it should be remembered that this loose aggregation of the

segments is one of the chief and peculiar characters of Cycadean vascular strands,

rig. cs^ also probably represents, along with cs"^, one of the primitive constituents of

what, in the ancestors of the plant, would have constituted a ring of small concentric

strands.

The fact that, as in the case of Encephalartos horridus, Lehm., and Cycas revoluta,

Thunb., the concentric strands, or parts of such, in the root are local in their occurrence

—appearing sometimes, as in the first-named plant, at one point only of the periphery of

the central stele—the greater portion of the subsequent vascular ring being constructed

according to the ordinary collateral plan, may be explained by the fact that these ancient

types of structure are gradually becoming obsolete and extinct, that they represent, in

truth, the last sporadic rudiments of a once dominant concentric type of stinicture, which
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IS now at length yielding to, and has almost hccomc suppressed by, the modern and mon^
efficient collateral type. In the later-formed vascular tissues of the axis, /. c, those in

regions other than the transitional one between stem and root, the collateral has entirely

superseded the concentric plan of structure, and as such is laid down from the earliest

stage onward all round the periphery of the central ring.

With regard to the " accessory vascular strands " described by Scott as occurring in

the cortex outside the group of steles in the stem of Medullosa anglica, and figured in

plate 5, photograph 4, and in plate 12, fig. 18, of his paper, I fully incline to agree with

the author that they are probably " comparable to the cortical bundles of Cycas .... or

to the irregular strands which sometimes occur in the extrafascicular region of Wacro-
zamia.'' But I go further, and say that these accessory strands are homologous, not only

with those of Cycas and 3Iacrozamia mentioned, but, I would add, with those of

Encephalartos horridus, Lehm., as seen in fig. 9, and therefore, according to my own
view, with the successive vascular rings in the stem of Cycas, Macro::amia, Encephalartos,

and the MeduUosese. It is exceedingly interesting to note that these "accessory strands
"

contain in their central parenchymatous portion the same short reticulate tracheides

as I have described for the vascular strands of Cycas, EncepJialartos, and ITacrozamia.

This is a point of much importance. Scott says :
—'* We know .... that some

MeduUoseae (e. g. M. stellata, var. gigantea) formed successive extrafascicular zones of

wood and bast outside their stelar system, just as we find in Cycas, Macrozamia, and

Ihce'phalartos at the present day. It is therefore not surprising that in our species we

should meet with other characteristic Cycadean anomalies." Little wonder, indeed, if, as

I believe, these " other anomalies " are entirely homologous with the former ones. The

author says further :
—" The accessory strands in M. anglica are certainly quite different

from the normal steles and leaf-traces ; neither can they be identified with the strands

supplying adventitious roots, which had a more horizontal course. There is no indication

of their connection with any other form of lateral appendage." All quite true. But the

explanation which I have given of these structures, especially after comparing them with

the cortical vascular strands of Tlnceplmlartos horridus^ Lehm., exhibited in fig. 9, will

alone avail to save the unsatisfactory process of relegating these '* accessory strands " to

the category of undefined " anomalous " structures.

The term "anomalous" I hold, moreover, to be inappropriate, as applied to the

" extrafascicular " rings of vascular tissue in the three genera of Cycads and certain

species of Medullosa, for it implies that these structures cannot be classified and defined

like the other structures of the order, a supposition which, as I have above tried to show,

is false. I hold that there is nothing "anomalous" in these strands, but that they

constitute part of the morphologically-inherent structure which has for long ages been

characteristic of the group in which they are found. They are thus fundamentally

different in nature from the structures, more or less similar in appearance, occurring in

the stem and root respectively of such plants as Tecoriia and Beta, which are purely

adaptive in character, L e., have been specially adopted, within a comparatively recent

period, to suit the special physiological necessities of the plants in wluch they occur.
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My final conclusion, then, is as follows :—The vascular tissues of the stems of existing'

Cycads have been derived, with modifications corresponding to the period which has

intervened, from the vascular tissues of the stems of the Medullosese or plants with

closely -allied structure, and along the following lines : the central cylinder of our

modem plants is the direct derivative of the primary ring of concentric strands or steles

of the fossil forms, while the succeeding secondary vascular rings of the three Cycadean

genera which possess them, and the secondary concentric or partially concentric strands,

or parts of such, which occur in the cortex of these three plants, have had their origin in

the successive outer rings of the Medulloseae, which (although this point has not yet

been definitely ascertained) will probably be eventually proved to be also secondary in

origin ; for secondary structures can only derive descent from secondary structures and

not from primary. Therefore all the secondary vascular tissues of modern Cycadean

stems constitute part of the inherent morphological structure, and in this respect differ

completely from, and should never be compared with, the secondary extrafascicular

structures of sucli plants as the Sapindacese, Tecoma^ and Beta^ which, as already

stated above, are purely adaptive in character and have been assumed for purposes of

nutrition.

In conclusion, I have to thank the authorities of the Royal Gardens, Kew, for so-

kindly furnishing me with much of the valuable material for this investigation.

EXPLANATION OF PLATE XLIII.

The following are the abbreviations used :

—

^>A= phloem ; na?'= nomial tracheides of the secondary wood; 7?a;'*=reticulately-thickened tracheides

of the secondary wood; joa^=protoxylera ; /6=leaf-base; //6= leaf-trace bundle ; c/= cortex ; ^= girdles;

/)= pith; »i6=medullary bundles; a?= xylem; 7wr= medullary ray; i?r^= first vascular ring; i;r''= second

vascular ring ; vr'= third vascular ring; vr'= fourth vascular ring; mc= mucilage-canal ; c*^ cs\ c*',

cs'= cortical strands representing the successive vascular rings.

Encephalartos caffer, Lehm.

Fig. 1. Radial section of a girdle-leaf-trace bundle, x 130.

Fig. 3. Diagram of a radial section, showing a connecting strand between two vascular rings.

Fig. 4. Transverse section of a large medullary bundle from the lower region of the stem, x 35.

Fig. 5. Transverse section of a young medullary bundle and mucilage-canal. X 130.

Fig. 7. Tangential section of the xylem of the first vascular ring, showing a medullary bundle and
mucilage-canal in the medullary ray. x 35.

Fig. 8. Diagram of a radial section of the first vascular ring, showing the connection with the xylem of

a medullary and a leaf-trace bundle.
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Encephalmios Altensteinii, Lehm.

Fig. 6. Transverse section of a mucilage-canal in the ])ith, surrounded by bundles. X 35.

Encephalartos horridus, Lehm.

Fig. 9. Diagram of a transverse section of a small part of the vascular ring from the transitional region

between stem and root, showing a series of more or less primitively-constructed strands in the

cortex, which represent the successive vascular rings of the higher part of the stem
;

also a

medullary bundle.

Encephalartos sp.

Fig. 2. Segment of a transverse section of the stem, showing the general structure, viz. medullary

bundles, vascular rings, and leaf-trace bundles. Nat. size.
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Abbreviations in Ball's paper ex-

plained, 127.

Abies excelsa, Foir., 208.

Larix, Lam., 208.

pectinata, DC, 208.

ABiETiNEiE, transfusion tissue in,

303, 304, 312.

Accessory transfusion tissue, 301,

309, 317.

Acer campestre, Linn., 144,

monspessulanum, Linn., 1 44.

opulifolium, ViU., 144.

platanoides, Linn., 144.

Pseudoplatanus, Linn., 144.

Aceras anthropophora, E. Br., 210.

Acetabularia, Lamour., 20; 10

(clavis) ; mentioned, 2, 3 ; Falkeu-

berg ou (Solms), 10.

Calyculus, Qtioij 4' Gaimard,

26; 20 (clavis): 7, 8, 24,

27.

Calyculus, Zanard., 24.

caraihica, Agh., partim, 25.

caraibica, Kttetz., 25 ; 20 (clavis)

;

7, 8, 23, 26, 27.

var. calyculata, Kuetz.,

9,25.

caraihica, Tieill., 24.

crenulata, Lamour., 24; 20

(clavis); mentioned, 2, 7-9,

19,25,26,32.

var. major, Sond., 22,

var. tricuspidata, Grim.,

22.

dentata, Solms*, 23 ; 20 (clavis);

8, 24, 25, 29.

denudata, Zanard., 22.

exigua, Sohm*,2^; 21 (clavis);

7.

Acetabularia Farlowii. iSoiuin*, 27;

20 (clavis) ; 7, 8.

Gigas, ,Solms*, 23 ; 20 (clavis):

8.

Kilneri, Agh., 21 ; 20 (clavis)

:

8,22,23

major, Martem, 22 ; 2( » (clavis)

;

8,23.

rDediterranea, Lamour., 21 : 20

(clavis); 2-7, 14, 16-18.

miocenica, "^Andrussow, 34.

Moebii, Solms*, 30; 21 (clavis);

9, 16, 17.

parvula,^W>/!S*, 29; 21 (clavis);

7, 24, 30.

Peniculus, Soluts *, 27 : 20

(clavis); mentioned, 'i, 6, 7,

18, 28, 29.

var. y5 Clittoni, Solms *, 28.

polyphysoides, Crovan, 2i» ; 21

(clavis) ; 7, 16, 17.

Schrenkii, Mcehius, 33.

sp., 27.

Suhrii, Solms *, 25 ; 20 (claWs) ;

8,26.

Acetabclariej:, 19 ;
monograph of

(Solms-Lauhacli), 1-39.

Acetabuloides §, 21, 20, 7, 8, 10,

17, 27.

Acetabulum §, 21, 20, 7, 17.

Achillea Ageratum, Linn., 172.

lanata, Spreng., 172.

MiUofolium, Linu., 172.

nobilis, Linn., 172.

odorata, Linn., 172.

tanacetifolia, All., 172.

tomentosa, Linn., 172.

Achnantlus dimorpha, Turpin, 84.

ohli^ji'a. T\xr])m, 83.
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Acicularia, t, d'Arcfiiac, 32, 2, 9,

12, 17. 2(»: (clavis), 34; spores,

15.

Andrussowi t, Solms*, 34, 12.

miocenica t. Andmssow, 34, 11

;

33 (clavis).

miocenica t, Renss., 34, 35 ; 33

(clavis) ; mentioned, 9.

pavantina, fd'Archiac, 35; 33

(clavis); mentioned, 9. 32.

Schenkii, Solms *, 10, 33 ; men-

tioned, .35.

Aconitum Anthora, Linn., 130.

Lycoctonum, lAnn., 130.

NapcUus, Linn., 130.

paniculatum. Lam., 130.

variegatum, Linn., 130.

Acorn- (';il.iiiiu>, Lnm.. 1'**'^.

Actica spiciita, Linn., 13U.

Adenostyles albifrons, lieichh., 170.

alpina, Bluff Sf Fing., 170.

leucophylla, Reirhh., 170.

Adonis aestivalis, Linn., 128.

Adoxa Moschatellina, Linn., 166.

Adventitious roots of Nym]tha?acea-',

294.

^Egilops ovata, l^inn., 226.

ventricosa, Tmanh, 226.

JEgopodium Podai^raria, I.nn,., jni'.

Aerial roots of llhizophora Mangle,

283.

./Ethionciii I >axatilr. A'. Ilr.. i:;i;.

Thomasianum, •/. ('(ly, I'-'t^'^.

.iEthusa Cynapium, Tjinn., 1*54.

Ageotropic hypocotyls I't l,<>r;tri-

thacea> KKei'Ue),^)^. H>',i.

Agrimonia Eupatoria. /.'/'//., 156.

Agrostemma coronaria, Linn., \MK

Flos-Jovis, Linn., 140.

4 A
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Agrostemma Grithago, Linn., 140.

Agrostis alpina, Scop., 220.

canina, Linn., 220.

rupestris, All., 220.

stolonifera, Linn., 220.

vulgaris, With.. 220.

Aira ctespitosa, Linn., 222.

flexuo,«a, Linn., 222.

Ajuga Chamtepitys, Linn., 198.

genevensis, Linn., 198.

pjramidalis, Linn., 198.

reptans, Linn., 198.

Alastra, Lake, Algse from, 41.

Alchemilla alpina, IJnn., 156.

arvensis. Scop., 156.

cuneata, Gaudin, 156.

Jissa, Schum., 156.

pentaphylla. Linn,, 156.

var., 156.

puhescens, Bieb., 156.

vulgaris, Linn., 156.

var., 156.

Aldrovanda vesiculosa, Linn., 138.

Algae, freshwater, of Madagascar

(West). 41 -90.

Alisma parnassifolium, Linn., 208.

Plantago, Linn., 208.

AUioni, C.,on Alpine Flora, 120, note ;

work on Najas, 380.

Allium acutangulum, Schrad., 212.

acutiflorunij Unn., 214.

Ampeloprasum, Lam., 212.

carinatum, Linn., 214.

fallax, D. Don, 212.

montauum, Sibth. ^ Sm., 214.

multibulbosum, Jacq., 212.

neapolitanum, Cyr., 212.

ochroleucum, Wald. Sf Kit., 212.

oleraceum, lAnn., 214.

pedemontanura, Willd., 212.

rotundum, lAnn., 212.

Schoenoprasum, Linn., 214,

var. alpinnm. Gaudin,

214.

spbaeropephalum, Linn., 214.

strictum, Schrad., 212.

suaveolens, Jacq., 212.

ursinum, Linn., 212.

Victorialis, IJnn., 21 2,

vineale, Linn., 214.

Alnus brembana, i^o^a, 206.

^lutinosa, Gtertn., 206.

incana, TfiZ^tL, 206.

viridis, D(7., 206.

Aloe, colouring-matter of tbo flower,

349-353.

Alopecums agrestis, Linn., 220.

geniculatus, Linn., 220.

Gerardi, Vill., 220.

pratensis, Linn., 220.

utriculatus, Pers., 220,

Alpine districts (5aZ?;, 126; Flora,

limits of {Ball), 122 ; origin, 124.

Alps, Distribution of plants on South

side (Ball), 119-227.

Alsine austriaca, Mert. 4" Koch, 142.

Bauhinornm, ./. Gay, 142.

biflora, Wahlenb., 142.

Gerardi, Willd., 142.

graminifolia, Gmel., 142.

Jacquini, Koch, 142.

lanceolata, Mert. ^ Koch, 142.

laricifolia, Wahlenb., 142.

recurva, Wahlenb., 142.

rostrata, Koch, 142.

stricta, Wahlenb., 142.

tenuifolia, Wahlenb., 142.

verna, Bartl., 142.

var., 142.

Villarsii, 3/6r«. ^ isToc/i, 142.

Althaea cannabina, Linn., 144.

hirsuta, Linn., 144.

officinalis, TAnn., 144.

taurinensis, Z>C, 144.

Altitudinal distribution of the Alpine

Flora, 122.

Alyssuna alpestre, Linn., 134.

argenteum, Vitm., 134.

calycinum, Linn., 134.

campestre, Linn., 134.

halimifolium, Linn., 134.

medium, 7/os<, 134.

montanum, TAnn., 134.

petra3um, ylrt^., 134,

Wulfenianum, Bernh., 134.

Amaranthus adscendens, Lois., 200.

Blitum, Linn., 200.

var., 200.

patulus, Bert., 200.

prostratus, Balb., 200.

retroflexus, Linn., 200.

Ambrosi, F., on Alpine Flora, 120,

note.

American Desmidiea' (West), 229-

274.

Americanac § Najas, 403 ; suppl.

notes, 441.

Ammi majus, Linn., 162.

Ampbidoma, Stein, 328.

Nucula, Stein, 328, 337, 338,

338/1, 339, 340, 340/1,

340/2, 340/3, 340/4.

Amphisolenia, Stein, 331.

bifurcata, MuTr.SfWhitt.*, 331,

340, 340/3, 340/4.

globifera, Stein, 340/3.

inflata, Murr. Sf Whitt.*, 332,

340/3.

palmata, Stein, 331, 340/2,

340/3, 340/4.

Thrinax, Schuett, 331, 340/2,

340/3.

Anacamptis pyramidalis. Rich., 210.

Anagallis arvensis, [Ann., 198.

var., 198.

c€eridea, Linn,, 198,

tenella, Linn., 198.

Anarrhinum bellidifolium, Desf.,

192.

Anatomy of Encepbalartos, 445-

459 ; of Nymphaeaceae (Gwynne-

Vaugban), 287-299.

Anchusa Barrelieri, DC, 188.

italica, Retz., 188.

officinalis, TAnn., 188.

Andromeda Polifolia, TAnn., 186.

Andropogon distachyos, /Ann., 220,

Gryllus, Linn., 220.

Ischaemum, Linn., 220.

Androsace argentea, Gcertn., 198

carnea, Linn., 198.

Cbamaejasme, ITost, 198.

Charpentieri, Heer, 198.

glacialis, Hoppe, 198.

Hausmanni, Leyh., 198.

helvetica, Gaudin, 198.

lactea, Linn., 198.

maxima, TAnn., 198.

obtusifolia, AIL, 198.

villosa, Linn., 198.

Androsaces Luzonis, Kamel, men-

tioned, 23.

Andryala integrifolia, Linn., 184.

Anemone alpina, Linn., 128.

varr., 128.

baldensis, Linn., 128.

coronaria, Linn., 128.

Halleri, All., 128.

Hepatioa, Linn., 128.

millefoliata, Bert., 128.

montana. TToppe, 128.

narcissiflora, Linn., 128.

nemorosa, Linn., 128.

Pulsatilla, Ziwn.. 1 2^.

ranunculoides, Linn., 128.

sulphurea, Linn., 128.

trifolia, Linn., 128.

vernalis, TAnn.. 128.
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Angelica montana, ScMeich., 164.

sylvestris, Linn., 164.

var., 164.

Augiosperms, modified transfusion

tissue in, 301.

Anigosanthos, Lahill., floAver men-

tioned, 92,

Antananarivo, loealit)' of Algae de-

scribed, 90.

Anthemis altissima, Linn., 172.

arvensis, Linn., 172.

Cotula, Linn., 172.

discoidea, ^Villd., 1 72.

montana, Lina., 172.

tinctoria, Linn., 172.

varr., 172.

Triumfetti, AH., 172.

Anthericura Liliago, Linn., 212.

ramosum, Linn., 212.

Anthoxanthum odoratum, Linn.,

220.

Anthriscus Cerefolium, Hoffm., 166.

sylvestris, Hoffm., 166.

vulgaris, Pers., 166.

Anthyllis montana, Linn., 148

Vulneraria, Linn., 148.

var., 148.

vidnerarioides, Bonj., 148.

Antirrhinum majus, Linn., 190.

Orontium, Linn., 190.

Apera interrujita, Beauv., 220.

Spica-venti, Beauv., 220.

Aphides, seeds of Viscum orientale

resembling. Ho.

Apical meristem of ^Jmphieace8e,

29;i.

Aposeris foelida, Lesn., 178.

Aptoffomim Desmidium, var. a, lialfs,

233.

diiujonum, Delp., 233

Aquilegia alpina, Linn., 130.

atrata, Koch, 130.

Hsenkeana, Koch ?, 130.

pyrenaica, Bert., 130.

E-enteri, Boiss., 130.

vulgaris, Linn., 130.

Arabis Allionii, DC, 132.

alpina, Linn., 132.

aresiosa, iScoj)., 132.

auriculata, Spreng., 132.

bellidifolia, ./no/., 132.

brassiestformis, Wallr., 132.

cenisea, lieid., 132.

ciliata, 7^. i^r., 132.

var. liirsuta, Koch, 132.

ccernlea, l/'iid.-r. I.'i2.

Arabis Gerardi, Bess., 132.

Halleri, TAnn., 132.

hirsuta, Scop., \',V2.

var., 132.

muralis, Bert., 132.

pedemontana, Boiss., 132.

pumila, Jacq., 132.

sagittata, DC, 132.

saxatilis. ^Z/., 132.

Scopoliana, Boiss., 132.

scrpyllifolia, Fi7/., 132.

stricta, JIuds., 132.

Turrita, Linn,, 132.

vochinensis, Spreng. , 132.

Araucaria, Juss., transfusion tissue

in, 304
;
parallel venation, 305.

Bidwillii, Hook., 312.

excelsa. It. Br., 311 ; seedling, 3.

imbricata, Pav., 313.

Archaugelica olficinalis, Hoffm., 164.

Abchegoniat^e, mentioned, 19.

Arctic and Alpine Floras (Ball), 124,

125.

Arctostaphylos alpina, Sjireng., 186,

officinalis, Wlmm.L^- Grab.,\QC).

Areca Catccliu, Li/i//.,polystelie roots,

275-280.

VerschaffeUi, Hort., 280.

Aremonia agrimonioides, Nech., 156.

Arenaria biflora, Linn., 1 42.

ciliata, LAnn., 142.

var., 142.

graudiflora, AIL, 142.

Marscldinsii, Koch, 142.

ruulticaulis, Linn., 142.

serpyllifolia, Linn., 142.

var., 142.

tetraquetra, Linn., 142.

Aretia Yitaliana, Linn., 198.

Aristolochia Clematitis, Linn., 204.

pallida, WiUd., 204.

rotunda, lAnn., 204.

Armeria alpina, Willd., 200.

plantaginea, Willd., 200.

var. brachylepis, Boiss.,

200.

Arnica montana, Linn., 174.

Arnoseris pusilla, Gcertn., 1 78.

Aronia rotundifolia, Pers., 156.

Aronicum Clusii, Koch, 174.

glaciale, lieichb., 174.

scorpioides, Koch, 174.

Arrhenatherum elatius, Beauv., 222.

Artemisia Absinthium, Zi«n., 172.

Baumgarteni, Bess., 172.

campestris, Linn., 172.

Artemisia canij)h()rata, Litin..^ 172.

chama'inclii'olia, Ft//., 172.

glacialis, Linn., 172.

lanata, Willd., 172.

Mutellina, 17//., 172.

var., 172.

nana, (invdin, 1 72.

pedemontana, B<dl)., 172.

pontica, Linn., 172.

spicata, IFm//., 172.

tanacetifolia. All., 172.

valesiaca, Linn., 172.

Villarsii, C/reji. ij" (lodr.. 172.

vulgari.s, Linn., 172.

Arthrodesmus, Khrenh., 72, 254.

arcuatus. Josh., 72.

convergeiis, Khrenh., 254.

var. incraasatus, Gutw.,

254.

var. obesuH, H'e*^ t^'

H^t-.?/ /. *, 254.

curvatus, IF. /?. Tarn., 254.

incrassatus, Lagerh., mentioned,

253.

ghiuc€xcens, Witlr., 86.

mucronulatus, ±\ordst,, 72.

var. robustum, West 6f

West /.*, 72.

subulatus, Kuetz., 72, 254.

Arum Dracuncuius, Linn., 208.

itjilicuTn, Mill., 1!08.

maculatum, Linn., 208.

Asarum europa^um, Linn., 204.

Ascherson, P. F. A., his work on

Najas, 380 ; observations on

colouring inattirs in roots, men-

tioned, 34 >.

Asparagus acutifolius, Linn., 212.

officinahs, Linn., 212.

tenuifolius, Linn., 212.

Asperugo procurabens, Linn., 188.

Asperula arvensis, Linn., 166.

cynanchica, Linn., 166.

var., 166.

hexaphylla, AIL, 166.

longijlora, Waldst. & Kit., 166.

odorata, Linn., 166.

taurina, Linn., 166.

Asphodelus albus, M'JL, 212.

ramosus, Linn., 212.

Astcly, normal in Nymphaceae, 298.

Aster alpinu>. Lnm.. I <<.

Amellui*, />*/•'*., 17".

var., 170,

pseudoamellus, DC, 170.

Astragalus alopecurioides, Linn., 15u.

4a2
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Astragalus aristatus, VHeriL, 150,

austriacus, Limi., 150.

Cicer, Linn., 150.

depressus, fAim., 150.

exscapns, Linn., 1.50.

glycyphyllos, Linn., 150.

hypoglottis, Linn., 1-50.

leontinus, WuJf., 150.

moiispessulanus, Linn., 150.

Onobrychis, Linn., 150.

Pastellianus, Poll., 1.50.

purpureus, Jjam., 150.

vesicarius, Linn., 150.

var., 150.

Wulfenii, A'ocZi, 1-50.

Astrantia carniolica, Wulf., 162.

major, Linn., 162.

minor, Linn., 162.

Athamanta cretensis, TJnn., 164.

Matthioli, Tr^Zf., 164.

Atlantic, Peridiniace?e from (Murray

& Whitting), 321-342.

Atragena alpina, Linn., 128.

' Atrato,' plankton collected during

voyage of, 321, 324, 329, 340/2,

340/3, 340/4.

A triplex hastata, Linn., 202.

patula, Linn., 202.

Atropa Belladonna, Linn,, 190.

Aubert, Prof., Desmids from Maine,

229.

Avena alpestris. Host, 222.

amhiipm, De 'Not., 222.

mnethi/atina, DC, 222.

argentea, Willd., 222.

capillaris, Mert. Sf Koch, 222.

999var., s::LJ.

earyophyllea, Wigrj., 222.

distichophylla, Vill., 222.

fatua, Linn., 222.

flavescens, Linn., 222.

var.. 222.

Gaudiniana, Amhrosi, 222.

Hostii, Boiss., 222.

lucida, Bert., 222.

montana, VUl, 222.

proecox, Beauv., 222.

pratensis, Ziwn., 222.

pubescens, Linn., 222.

varr., 222.

Scheuchzeri, All, 222.

sempervirens, ViU., 222.

setacea, r«7Z., 222.

subspicata, Clairv., 222.

tenuis, Mcench, 222.

' Avon,' plankton collected during

voyage of, 321, 326, 331, 339.

Bailey, C, on Xajas graminea, 380
;

specimens of Najas sent, 387.

Baillon, H. E., his views on pitchers

of Sarracenia, etc., 287.

Ball, .John, distribution of plants on

the South side of the Alps, 119-

227.

Ballota nigra, Linn., 198.

spinosa. Link, 198.

Bamhnsina Brehissonii, Kuetz., 232.

delicatisdma, Wolle, 233.

Barbarea arcuata, Reichb., 132.

bracteosa, Guss., 132.

intermedia, Bot'., 132.

stricta, Andrz., 132.

vulgaris, It. Br., 132.

varr., 132.

Barclaya, Wall, leaf of, 290.

Barkhausia albida, Cass., 180.

alpina, DC, 180.

fcetida, DC, 180.

muei'onata, Bert., 182.

rubra, Meench, 180.

setosa, DC, 180.

taraxacifolia, DC, 180.

var., 180.

vesicaria, Spreng., 180.

Baron, Bev. E.., Algae from Mada-

gascar, 41.

Barred cells of Lepidostrobu8,362,374.

Bartsia alpina, Linn., 194.

Bauhin, J., his figures of Najas, 379.

Bees piercing flowers for honey, 94.

Bellidiastrum ifichelii, Cass., 170.

Bellis perennis, TAnn., 170.

Bennett, A. W., Note on priority of

Oscillatoria, Vnuch, 85, note.

Bentham, G., work on Alpine Flora,

120, note.

Berardia subacaulis, VilJ., 176.

Berberis vulgaris, lAnn., 130.

Berlin Herbaria, Najas material in,

437.

Bertoloni, A., on Alpine Flora, 120,

note.

Bertrand, C. E., on parichnos of

Lepidodendron, 369 ; on trans-

fusion tissue, 302.

Berula angustifolia, Koch, 162.

Beta, Tonrn., mentioned, 457, 458.

Betonica Alopecunxs, Linn., 196.

hirsuta, Linn., 196.

oflScinalis, Linn., 196.

Betula alba, TAnn., 206.

gummifera, Bert., 206.

humilis, Schranl:, 206.

pubescens, Ehrh., 206.

Bibliography on stems and roots of

Palms, &c., 284.

Bidens bipinnata, Linn., 170.

cernua, Linn., 170.

tripartita, Linn., 170.

Bifora radians, Bieh., 166.

Binney Collection of fossil plants at

Cambridge, 358, 367, 369; his

work on Lepidostrobus cited, 358,

360, 374.

Birds fertilizing Loranthus, 94, 96,

97 ; Mistletoe disseminated by, 97.

Biscutella auriculata, Linn., 136.

var., 136.

cichoriifolia, Lois., 136.

lajvigata, TAnn., 136.

var., 136.

saxatilis, Schleich., 136.

Blackman, Y. H., work on Peridi-

niaceae, 322 ; see Murray, G. R. M.

& V. H. Blackman.

Blake, J. H., work oji Victoria regia

referred to, 288.

Blitum Bonus-Henricus, C. A. Mej/.,

202.

capitatura, Linn., 202.

glaucum, Koch, 202.

rubrum, Reiehh., 202.

virgatum, Linn., 202.

Boissier, E. P., on Alpine Flora, 120,

note.

Boissier Herbarium, Xajas material

in, 437.

Bonjeania hirsuta, ReicJib., 150.

Boodle, L., -work on Lycopodium

mentioned, 364.

Bornetella, Mun.-Chahn., spores, 17.

BoRNETELLE^, mentioned, 16, 17,

19.

Botanic Gardens, Najas in herbaria,

at Geneva, Paris, Vienna, Zurich,

437.

Botrydium, Wallr., mentioned, 19.

Botryophora, Bomp,, 17, 18.

Bowenia, TTook., 456 ; central cylin-

der of, 454 ; leaf, 309.

Bower, Prof. F. 0., his account of

pitchers, etc., 288 ; material from

Ceylon, showing polystelic condi-

tions, 275 ; on Lepidodendron,

cited, 362 ; on Lepidostrobus

Brownii, 367.
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Brachypodium distachyon, Boem. 4'

Schult., 220.

pinnatum, Beaiiv., 220.

sylvaticum, Beaiiv., 220.

Brasenia, ScJireh., 298.

Brassica Cheiranthus, Vill., 134.

obtusangula, Bert., 134.

repauda, DC, 134.

Eicherii, Vill, 134.

Braun, A. G. H., his revision of

Xa-jas, 380 ; types lent, 387.

Briardiiia, Mun,-Chalin.f, 2, 34.

British Museum (Natural History),

fossil plants in, 371 ; researches

on Lepidostrobiis at (Maslen), 375.

Briza media, Linn., 222.

minor, Linn., 222.

Bromus arvensis, Linn., 220.

asper, Linn., 220.

commutatus, Sch-ad., 220.

erectus, Huds., 220.

inermis, Lej/ss., 220.

madritensis, Linn., 220.

var. ciliatus, Guss., 220.

maximus, Desf., 220.

mollis, Linn., 220.

patulus, Merf. c|* ^ocA, 220.

racemosus. Linn., 220.

secalinus, Xijin., 220.

var., 220.

sqnarrosus, Linn., 220.

sterilis, Linn., 220.

tectorum, Linn., 220.

velutinus, Schrad., 220.

Bryine.i:, mentioned, 19.

Bryonia alba, Linn., 158.

dioica, .locij., 158.

Buds of Loraiithus, expanding by

shock, 92.

BufFonia tenuifolia, Linn., 140.

Bulbochaite, Aijh., species from Mada-

gascar, 42.

Bulbocodium vernum, Linn., 214.

Bulbul eating Loranthus fruits, 98.

Bunias arvensis, Jord., 130.

Erucago, lAnn., 130.

var., 130.

Buphthalmum salicifolium, TAnn.,

170.

Bupleurum aristatum, Bartl., 102.

falcatum, TAnn., 102.

Gerardi, ./rtc/., 102.

gramineum, Vilh, 102.

graminifolium, VaM, 102.

junceum, IJnn., 102.

neglectum, Ces., 102.

Bupleurum ranunculoides, /w"/ut.,102.

rotundifolium, Linn., 102.

semicompositum, TAnn., 102.

stellat.um, Linn., 102.

tenuissimum, Linn., 102.

Butomus umbellatus, TAnn., 208.

Buxus sempervirens, TAnn., 204.

Cabomba aquatica, ^IhW., 291 ; roots,

295, 298.

Cachys laevigata, TAnn., 100.

Calamagrostis acatijlora, DC, 22U.

epigeios, i^t;^/;, 220.

Halleriana, i)C., 220.

lanceolata, i2o</(, 220.

littorea, DC, 220.

sylvatica, /)C., 220.

tenella, Host, 220.

varia, Beanv., 220.

var., 220.

Calamintha Acinos, Clairv., 190.

alpina, Lam., 190.

grandiflora, Moenj^h, 190.

Nepeta, Clairv., 90.

officinalis, J/oent'/i, 190.

sylvatica, Bromf., 190.

thymifolia, Reichh., 190.

Calamopitys Saturni, l/'«_^cr, 455.

Calendula arvensis, Zi/u/., 174.

Calepina Corvini, Desv., 130.

Callitriche stagnalis, Scop., 158.

vernalis, Kuetz., 158.

Calluna vulgaris, S(di.>ib., IsO.

Caltha palustris, Zmii., 130.

Cambridge, Binney collection of fossil

plants at, 358, 307, 309 ;
Botanic

Garden, plants from Somali-land,

343.

CameHna dentata, Pers.,]'dQ.

sativa, Crantz, 130.

Campanula, Tourn., Alpine species

not Arctic, 121.

Allionii, VUJ., 180.

alpina, Jacq., 180.

Alpini, lAnn., 180.

barbata, Linn., 180.

bononiensis, Linn., 184.

ofspitosa. Scop., 184.

carnica, Schiede, 184.

ceoisia, TAnn., 184.

Cervicaria, Linn.. ISO.

Elatines, TAnn., l'^4.

elatinoides, Moretd, 184.

Erinus, Linn., 184.

excisa, Schleich., 184.

glomerata, Lfn/i., 180.

Campanula latifolia, Linn., is J.

macrorhiza, ./. Oajf, 1.S4.

Medium, Linn., 186.

Morettiana, Ueiehh., 184.

patula, Linn,, ISO.

persicifolia, Linn., 18(5.

petra^a, Linn., 186.

pnhe^cens, Schmidt, 1 84.

pnnUa, Haenke, 184.

pyramidalis, TAnn., 180,

Kainerii, Perjyent., 180.

rapunculoides, Linn., 184.

llajmnculus, TAnn., 180.

rhomboidalis, Linn., 184.

rotundifolia, Linn., 1 84.

varr,, 184.

Scheuchzeri. /vrt»*., 184.

var., 1S4.

sibirica, Linn., 180.

spicata, Linn., 180.

thyrsoides, Linn., 180.

Trachclium, Linn., 184.

vald.en.<!is. All.. 184.

Zoysii, IFm//'., 184.

Campbeil, Prof. D. H., on Najas,

382, 383, 384, 380.

Candolle, Alph. L. P. P. de, on un-

equal distribution of plants in the

Alps, 121.

Candolle Herbarium, Xajas material

in, 437.

Cape, Peridiniaceaj collected on

voyage to, 321.

Capparis ovata, Desf., 130.

spinosa, Linn., 136.

var., 136.

Capsella Bursa-pastoris, Moench,

136.

Cardamine alpina, Wild., 132.

, . var. subtriloba, Koch.

132.

amara, Linn., 132.

asarifolia, Linn., 132.

hirsuta, Linn., 132.

var., 132.

impatiens, Linn., 132.

MntthioU, Moret., 132.

Plumieri, Vill., 132.

pratensis, TAnn., 132.

var., 132.

resedifolia, Linn., 132.

sylvatica. Link, 132.

trifolia, Linn., 132.

Carduncellus monspelicnsium. Linn.,

170.

Carduus acuirhoidcs, fAivn., 170.
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Carduus arctioides, WilM., 176.

Barrelieri^ Bert., 176.

crispiis, Linn., 176.

var., 176.

defloratus, Linn., 176.

varr., 176.

montosns, Poll., 176.

midtijlorns, (Taudin, 176.

nutans, Linn., 176.

varr., 176.

Personata, Jacq., 176.

jtlatylepis, Saut., 176.

pycnocephalus, Jacq., 176.

Sanctae-Balmse, Lois., 176.

sxfinvlosus, Bert., 176.

tenuiflorus, Cart., 176.

Carex acata, Linn., 218.

alba, Scop., 218.

ampullacea, Good., 218.

aterrima, Hoppe, 218.

atrata, Linn., 218.

baldensis, Linn., 216.

bicolor. All., 218.

brizoides, Linn., 218,

Euxbaumii. Walilenh., 218.

caneseens, Lmn., 218.

capillaris, Linn., 218.

capitata, Linn., 216.

curvula, Linn., 2] 6.

cj-peroides, Linn., 216.

Davalliana, -8?h., 216. .

digitata, Linn., 218,

dioica, Linn., 216.

distans, Linn., 218.

disticha, Hnds., 216.

divulsa, Good.. 216.

ecbinata, Murr., 216.

elongata, TAnn., 218.

ericetorutn, Po77., 218.

ferruginea, <Sfco^>., 218.

filiformis, Linn., 220.

firma, /7o.?/., 218.

flava, Am/i., 218.

var., 218.

foetida, AIL, 216.

frigida, .1?/., 218.

fuliginosa, Schh., 218.

fulva. GooiK, 218.

glauea, Nfoy)., 218.

Ooodenowii, ,/. Gaij, 218.

Halleriana, Agm, 218.

Heleonastes, Ehrh., 218,

hirta, /.m»., 220.

hispidula, Gaudin, 218.

humilis, Lejjss., 218.

incurvn. Li'jhtf., 21().

Carex irrigua, >SV/i., 218.

lagopina, Waldenh., 218.

Icporina, Linn., 218.

limosa, Linn., 218.

maxima, Scoj}., 218.

Michelii, iTos?, 218.

raicroglochin, WaJdenh., 216.

microstyla, 7". (?«?/, 216.

montana, Linn., 218.

mucronata, ^?7., 218.

muricata, Linn., 21f).

nigra, ^Z7., 218.

nitida, Z/os^ 218.

nutans, ZTos^, 220.

Oederi, Ehrh., 218.

ornithopoda, Willd., 218.

pallescens, Linn., 218.

paludosa. Good., 218.

panicea, Linn., 218.

paniculata, Linn., 216.

var., 216.

])arado.ru, Willd., 216.

pauciflora, Licjhtf., 216.

pediformis, C ^. 3iej/., 218.

Pcrsoonii, *S'?V//., 218.

pilosa, Scoi)., 218.

pilulifera, TAnn., 218.

polyrhiza, ITV??/-., 218.

praecox, .Jacq., 218.

Pseudo-cyperus, Linn., 218.

pulicaris, Linn., 216.

punctata, Gaudin, 218.

reclinata, Pacch., 218.

remota, Linn., 218.

riparia, Curt., 220.

rupestris, .477., 216.

Schreberi, SchranJc, 216.

sempervirens, T'777., 218.

stenophylla, WaJdenh., 216.

stricta. Good., 218.

strigosa, Muds., 218.

supina, Wtddenh., 218.

sylvatica, Htids., 218.

tenuis, ZTosi;, 218.

teretiuscula, 6roof7, 216.

iomentosa, Linn., 218.

Vahlii, .SV7//.-., 218.

vesicaria, TAnn., 218.

vulpina, TAnn., 216.

Carlina acanthifolia, ^77., 176.

acaulis, Linn., 176.

corymbosa, Linn., 1 76.

vulgaris, Linn., 176.

Caroliana, Rafin., 'J'^S.

Carotin in roots, e5.1o-:j.")l,

Carpesiium cernuum. Linn., 170.

Carpinus Eetulus, Linn., 204.

Carum Bulbocastanura, iTof^//, 162.

Carui, Linn., 1 62.

Caryophylle j:, proportion in Alpine

Flora, 123.

Caryota sobolifcra, TFrtZ?,. roots of,

280.

Castanea vulgaris, Lam., 204.

Casuarina, Linn., transfusion tissue

of, 316.

Catabrosa aquatica, Beauv., 224.

Catananche ccerulen, Linn., 178.

lutea, Linn., 178.

Caucalis daiicoides, Linn., 166.

leptophylla, Linn., 166.

Caidinia, Willd., 380, 388.

Caulinia, §, A. Br., 380, 398 ; cla'vis,

398-399 ; a subgenus, 385 ; suppL.

notes, 440.

Caulinia alaganensis, I'arl., 424.

alagnensis, Poll., 411,424.

cdternifolia, Willd,, 421.

composita, Buch.-Ham., 428.

flexilis, Willd., 380, 403.

fragiUa, Pursh, 403.

fragilis, Willd., 380, 411.

gracilis, Pouzolz, 411.

guadelupensis. Sprang., 406.

indica, Wall., 41 1.

indicft, AVilld., 380, 400.

intermedia, Balb., 424.

intermedia, Nocca & Balb., 411.

microphglla, Nocca & Balb., 427,
428."

minor, Coss. & Germ., 411.

muricata, Spreng., 397.

mycrophylhi, Nocca & Balb., 427,

= microphglla.

pectinata, Pari,, 422.

tenella, C, G. Nees, 410.

Cavernous tissue or zone in Nym-
phffiacea?, 290, 291.

Celtis australis, Linn., 204.

Cenobie.e from "Madagascar, 80.

Centaurea alba, Linn., 176.

alpina, Linn., 176.

amara, Linn., 176.

aspera, Linn., 178.

austriaca, Linn., 178.

var., 178.

axillaris, Willd., 178.

Calcitrapa, Linn., 178,

cinerea, Lam., 178.

collina, Linn., 178.

cristata, Bartl., 178.

Cyanus, Linn., 178.
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Centaurea Ferdmandi, {jren., 178.

Jlosculosa, Balb., 178.

hybrida, All., 178.

Jacea, Linn., 176.

Kotschyana, Heuff., 178.

leiicophcf^a, Jord., 178.

; maculosa, Linn., 178.

montana, Linn., 178.

var., 1 78.

nervosa, Linn., 1 78.

var., 178.

nigra, Linn., 176.

nigrescens, WilhL, 176.

var., 176.

paniculata, TJnn., 176.

var., 176.

jjrociimbens, Bath., 178.

rupestris, Linn., 178.

Scabiosa, Linn., 178.

solstitialis, Linn., 178.

sordida, Willd., 178.

transnlpina, Sebleich., 176.

uniflora, Linn., 178.

Central cylinder of monostelic

Cycads, 4o4.

Centranthus angustifoliiis, DC, 168.

ruber, DC, 168.

Centrifugal, definition, 305.

Centripetal, definition, 305.

Centroceras, Kuetz., mentioned, 29.

Centroxylie, Van Tieghem's term

explained, 306.

Centunculus minimus, fymn., 198.

Cephalanthera ensifolia, liich., 210.

pallens, Rich., 210.

rubra, Rich., 210.

Cephalaria alpina, Schrcul., 168.

leucantha, Schrad., 1(58.

transylvanica, Schrad., 168.

Cephalotaxus drupacea, Sieb. Jj" Zikc,

309.

Fortunei, Jfool:, 310.

Cerastium alpinum, Z/nH. ?, 144.

arvense, Linn., 144.

var., 144.

bracbypetalum, Desjj., 142.

campanulatum, Ftv., 142.

glomeratum. TJmil., 142.

ghttinos^im. Fries, 142.

latifolium, Linn., 144.

var., 144.

lineare, ylW., 144.

ovatum, Hopj>e, 144.

pednm-zdaium, Gaudin, 144.

semidecandrntn, Linn., 142.

var., 142.

Cerastium strictum, Haenke, 144.

sylvaticum, Waldst. 4' -^'*^->

*

142.

tomentosum, Linn., 144.

triviale, IJnJc, 142.

Ceeatie.i:, 323.

Ceratium, ScJiranl; 323.

biconicum, Mnrr. 4" H7»7<.*,

323, 340/1.

Candelabrum, Stein, 323, 337,

338, 338/1, 339, 341, 340/1,

340^'2, 340/3, 340/4.

digitatuni, ScTiuetf, 323, 338/1,

340/4.

Furca, Dujard., 323, 337, 338,

338 1,339,340, 340/1, 340/2,

340/3, 340/4.

var. baltica, 323, 337,

338, 338/1, 339, 310, 340/1,

340/2, 340/3, 340/4.

Fusus, Dvjard., 323, 337, 338/1,

339, 340, 340/1, 340/2,

340/3, 340/4.

gravidum, (?ot<»Te<, 323,338/1,

340/1, 340/2, 340/3, 340/4.

Limulus, Gourret, 323, 337,338,

338/1, 339, 340, 340/1,

340/2, 340, 3, 340/4.

Tripos, Nitzs^idi, 323, 337, 338,

338/1, 339, 340, 340/1,

340/2, 340/3, 340/4; men-

tioned, 32(5.

Ceratocorys, Stein, 329 ; mentioned,

332.

horrida, Stein, 329, 337, 338,

338/1, 339, 340, 340/1,

340/2, 340/3, 340/4.

spinifera, Murr. 4' Whitt.*,

329, 338/1, 340, 340/2,

340/3, 340/4.

CeratophyUum deraersum, Linn., loS,

428.

submersum, Linn., 158.

Ceratopteris thalictroides, Brongn.,

427.

Ceratozamia, Browpi., 456; central

cylinder of, 454 ; leaf, 309.

latifolia, Miq., 454.

mexicana, Bronr/n., 454.

C'ercis Siliquastrum, Linn., 152.

Cerinthe alpina, Kit., 188.

maculnta, Bicb., 188.

major. Lam., 188.

minor, Linn., 188.

var., 188.

Ceriops, Am., pneumatodes in, 283.

Cesati, V. de, on Alj)iiK' botany, 120,

note.

Ceylon, Loranthacca2 of (Keeble),

91-117.

Chajrophj'llum aromatictim, Linn.,

166.

aureum, TAnn., 1(5(5.

elegans, d'audin, 16(5.

hirsutum, Linn., 166.

teraulum, Linn., 1 66.

Villarsii, Kocli, 166.

Chaiturup ^Marrubiastrum. Reichh.,

198.

Chalmasia, Sulms*, 32, 34 ; clavis,

20; mentioned, 3, 12, 14, 19.

antillana, SoJms *, 12, 32.

Chamasdorea Sartorii, Liehm., colour-

ing matter of its flowers, 350-

353.

Chama3orchis alpina, Rich., 210.

Chamagrostis minima, BorJc, 220.

Chara vulgari.s, TAnn., referred to,

420.

Chelidonium uiajus, Linn., 130.

Chenopodium album, Linn., 202.

ambrosioides, Linn., 202.

Botrys, Linn., 202.

hybridum, Linn., 200.

murale, Linn., 202.

opulifolium, Linn., 202.

polyspermum, Linn., 202.

urbicum, Linn., 202.

Vulvaria, iJnn., 202.

Cherleria imbricata, Mert. 4' Koch.

142.

var. ciliata, ./. Ball*, 142.

sedoides, Linn., 142.

Chlora perfoliata, IJnn., 186.

serotina, Koch, 186.

CHLOROrHYCE-E, 18, 19.

Chorophyll-yellow, -350.

Chloropsis Jerdoni, a bird eating

Loranthus fruit, 98.

Chondrilla juncea, Linn., 180.

prenantboides, Till., 180.

CHROOCOccACKJi from Lake Ala^tra,

41.

Chrysophyll, 3.'>0.

Chrysosplenium alternifolium, Linn..

162.

oppositifolium, Linn., 162.

Churcbill, G. C, on Alpine Flora,

120, note.

Cicblantbus, §, in Ceylon, 113.

Cichorium Intybus, JAnn., 178.

Cicuta virosa, lAnn., 162.
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Ciunyris olivaceus, a bird fertilizing

Loranthiis in Xatal, 9().

Circoca alpina, Linn., loS.

intermedia, EJwh., 158.

lutctiana, Linn., 158.

Cirsium acaule, All., 17G.

ambiguum, AIL, 176.

arvense, Scop., 176.

bulbosum, DO., 176.

Candolleanura, Naeg., 174.

canum, Bieh., 174.

carniolicum, Scoj}., 174.

Dollinerii, IScJi. Bip., 176.

eriophorum, Scop., 174.

Erisithales, Scop., 174.

ferox, Z>C'., 176.

var. Morisiauum, 176.

flavescens, KocJi, 170.

heterophyllum. All., 176.

lanceolatum, Sco}^, 174.

mouspcssulanum, All., 176.

oleraceum, Scop., 176.

palustre, Scoj)., 174.

pennonicum, Gaudin, 174.

purpureum, yl?Z., 174.

rivulare, Linn., 176.

spiuosissimum, Scop>., 174.

Cistus albidus, Linn., 136.

salvifolius, Linn., 136.

Citharistes, Stein, 336.

Apsteinii, Schuett, 336, 338/1,

340/2, 340/3, 340/4.

regius, .S'inji, 336, 340/2.

Cladium Mariscus, ii. 5r., 216.

Cladopyxis brachiolata, /SVei'ji, 338,

338/1, 339, 340/1, 340, 3, 340/4.

Cladoxylon, linger, 455.

Clavis to genera of Aeetabularieoc,

19.

Clematis recta, Linn., 128.

Vitalba, Linn., 128.

Viticella, Linn., 128.

Clinopodium vulgare, Linn., 196.

Closterium, Sitzsch, 46, 236.

abruptum, West, 236.

areolatinn, H. C. Wood, 236.

forma ylahra, Gutw., 236.

mnplivior, Gutw.,

236.

Braunii, lieinsch, 236.

costatum, Corda, 237.

Cynthia, De Not., 237.

dilatatum, West d,- West/.*, 237.

Kuetziugii, Breb., 47.

lagoense, Nordst., 46 ; men-

tioned, 237.

Closterium lagOL-nse, var. laeve, West

4- West /.*, 46.

lanceolatum, Kuetz., 46.

Leibleinii, Kttetz., 46.

macidatum, Hastings, 236.

paehydermum, West tj- West/.*,

46.

pralongum, Breh., 236.

forma brevior, N^ordst.,

236.

Pseudodiana^ i^ot/, 46.

setaceura, Ehrenb., 47.

subangnstatiim, TF(?s#, men-

tioned, 46.

turgid um, Ehrenb., mentioned,

236.

Cuidium apioides, Spreng., 164.

Cochlearia brevicaulis, Facch,, 134.

officinalis, Linn., 134.

saxatilis, Lam., 134.

Cocos, lAnn., roots of, 276.

nucifera, lyinn., roots of, 280.

Ccelastrum Naegelii, Rabenh., 81

.

spha;ricuni, Naeg., 81.

Coeloglossum viride, Hartm., 210.

Colchicum alpinum, BC, 214.

autumnale, lAnn., 214.

Coleanthus subtilis, Seid., 220.

CoLEOCH.i;TACE.E from Lake Alastra,

41.

Coleocba^te, Breb., 42.

irregularis, Pnngsh., 42.

Colouring matter of root of Cratero-

stigma, 348.

Colpop>elta viridis, Corda, 71.

Colpoxylon, Brongn., 455.

Colutea arborescens, TAnn., 150.

Comarum palustre, Linn., 154.

Compacta (§ Micrasterias), Nordst.,

48.

CoMPOSiT.E, prop<ntion in Alpine

Flora, 123.

Coniura maculatum, Linn., 106.

CoNFERvorDEJi from Madagascar

(West), 42.

CoNJUGAT-K from Madagascar (West),

42.

Contact, effects on hypocotyl, &c.,

107.

Convallaria majalis, Linn., 212.

multiflora, Linn., 212.

Polygonatum, Linn., 212.

verticillata, Linn., 212.

Convolvulus arvensis, lAmn., 188.

Cantabrica, Linn., 188.

sepium, Lin a., 1S8.

Corallorhiza innata, Li. Br., 210.

Coris monspeliensis, TAnn., 198.

Cormack, B. G., on Polystelic roots

of certain Palms, 275-286.

Cornus Mas, Linn., 166,

sanguinea, Linn., 166.

Corona, inferior, of Acetabularia, 2

;

superior, 2.

Coronilla Emerus, Linn., 150.

minima, Linn., 150.

montana, Scop., 150.

repanda, Koch, 150.

scorpioides, Koch, 150.

vaginalis, Linn., 150.

varia, Linn., 150.

Coronopus lluellii. All., 136.

Cortex of Encephalartos cafFer, 447 j

of Lepidostrobus, 3(>2.

Cortusa Matthioli, Linn., 200.

Corydalis cava, H. Erl., 130.

fabacea, Pers., 130.

Gebleri, Ledeb., 130.

lutea, DC, 130.

ochroleuca, Koch'*, 130.

solida, Sm., 130.

Corylus Avellana, Linn., 204.

Corypha australis, li. Br., roots of,

280.

Cosmarium, Corda, 54, 245.

abruptum, Lund., 65, 250.

var. granulatum, West dr

West/.*, 65, 250.

alatum, Kirchn., mentioned, 63.

araoenum, Breb., 251.

Anax, West 4- West/.*, 62.

antilopoeum, Breb., 252.

Askeuasyi, Schmidle, 229, note,

auriculatum, lieinsch, men-

tioned, 55.

aversum, West 4- West f.*, 70.

Baileyi, WoUe, 246.

var. major, West 6f ^Vest

/.*, 246.

balteum. West 4' Westf.*, 249.

Barouii, West
.J- Westf.*, 61.

beatura, West 4- Westf.*, 60.

bellum, West 4- Westf.*, 60.

biauritum, Nordst., 250.

bicardia, Reinsch, 247.

bireme, Nordst., 56.

var. crussum, West if

Westf*, 5().

var. rotundatum, West tj"

IFf«?/.*, 56.

Blyttii, WHle, 64.

Boeckii, Wille, 251.
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Cosmariam hra&iliense, Nordst.,

subsp. ordhiatum, Boerg., 251.

Braunii, Keinsch, var. Mene-

(jJiinii, Reinsch, 59.

capitulatum, Roy ^' Biss., men-

tioned, 58.

circulare, Meinsch, mentioned,

246.

Clepsydra, Nordst., 247.

Golpopelta, Breb., 71.

concinnum, lieinsch, 59.

confusum, Coofce, subsp. ambi-

gimm. West, 251.

conicum. West d|- West f*, 71.

contractum, Kirchn., 7U, 252

;

mentioned, 71.

var. maximum, West 6,-

West/*, 252.

var. papillatum, West Ji-

ir^s^/.*, 252.

Cordanum, Breb., 71.

cosmetum, West 4' Westf*,2o0.

crepenim, West 4' West/*, 63.

var. compress urn, West ^•

Westfy, 63.

Cucurbita, Breb., mentioned, 71.

curium, llalfs, 47.

cyathiforme, West 4' West /.*,

248.

cyclicum, Lund.,y slt. angulatum.

West, 60.

decachondrum, Hoy 4' Bias.,

mentioned, 252.

decoratum. West 4' West/*, 61.

dentatum, WoUe, 229, 249.

depressam. Bail., 246.

depressum, Lund., mentioned,

247.

depressum, Naey., mentioned in

synon., 24(>.

dichondrum, West 4' WeM /.*,

65.

doliformo. West 4- West/*, 246.

eductum, Hoy, mentioned, 00.

Eichleri, liacih., mentioned, 250.

elaboratum. West 4' Westf.^. 69.

ellipsoideum, Elfv., 56.

forma minor, Anders., 56.

Eloiseanum, Wolle, 229, 248.

var. depressum, West 4'

West/.*, 249.

emarginatum. West 4- West /".*,

58.

erosum, Delp., mentioned, ^H.

exiguum, Arch., 247 ;
men-

tioned, 70.

SECOND SERIES, BOTANY.—VOL.

Cosmarium exiguum, var. pressum,

West, 247.

eximium. West 4' West f.*, 61.

Favum, West 4' Westf.*, 250.

garrolense. Hoy 4' Biss., 90.

geometricum, West 4' West f.*,

58.

globosum, Bxdnh., 252.

var. \Yollei, West 4' West

/.*, 252.
^

ylohosum, Wolle, '2b2.

glyptodermum, West 4' Westf.*,

69.

gonoides, West ^ West /.*. 70.

granatum, Breb., 54, 246.

var. ocellatum. West 4'

Westf.*, 24(>.

var. subangulare, West 4'

Westf.*, 54.

forma alata, Jacobs, men-

tioned, 54.

haaboliense, Wille, 65.

var. protractum, W^est 4'

West /.*, Qo.

Hammeri, lieinsch, 245.

var. protuberans. West 4'

ircsi/.*, 246.

var. subhinale, Nordst.,

245.

• var. Wolle, 246.

Haynaldi, Schaars., mentioned,

252.

hexagonum, Nordst., mentioned,

248.

Holmii, Wille, forma depaupe-

rata, Boldt, mentioned, 64.

homalodermuin, Xordst., 245.

impressum, Blfv., 248.

inaii]ualipellicum, West 4' ^^^^^

/'.*, 54, 246.

forma minor*, 55.

insigne, Schmidle, mentioned,

248.

isthmoch'ondrum, Nordst., 63.

var. biseriatum, West 4'

Westf.*, 63.

Kirchneri, Boerg., 66.

var. uniforme, West Sf

Westf.*, 6^.

Iseve, llabenh., 59.

latere-undatum, Roy. 60. 90,

note,

laticollum, Belj>., mentioneii. 55.

Lundellii, Delj)., 00.

var. madagascarieuse, West

4- Westf.*, 55.

Cosmarium Lundellii, var. subangu-

lare, West 4- Westf.*, 56.

magniiicum, Nordst., mentioned,

62.

mamilliferum, Nordst., 57.

var. madagascarieuse, ITt^i

4- Westf.*, 57.

margaritatum. Boy 4' Hiss.,

mentioned, 250.

Meneghiuii, Breb., 59.

var. concinmim,liahenh., 59.

miedzyrzeoenso, B. Eichl. 4'

Gutw., 245.

minimum. West 4' Westf.*, 58,

247.

var. aubrotuudatum. West

4- Westf.*, 59,247.

mouiliforme. Half's, 70.

var. punctatum, Layerh., 70.

mononiazum, Lund., mentioned,

60.

notochoudrum, West 4' Westf.*,

67 ; mentioned, 252.

Novce-iSeJidia;, var. liolonicuin,

B. Eichl. & Gutw., 90.

obsoletum, Reinsch, mentioned,

246.

obsoletum, Wolle, 246.

ordinatum, West 4' Westf.*, 251,

ovale, Halfs, 249.

Palangula, Breb., 252; men-

tioned, 71.

pileigerum, Lagerh., mentioned,

252.

planum. West 4' West f.*, 59.

polonicum, Racib., mentioned,

90.

polymorphum, Nordst., men-

tioned, 65.

aubsp. paulense, Boerg.,

mentioned, 68.

protuberans, Lund., mentioned,

57.

pseudexiguum, i^aaft., mentioned,

70.

Pseudobroomei, Wolle, 62; men-

tioned, 63.

var. elegans, West if West

/.*, 62.

var. madagascariense. West

4- Westf*, 62.

pseudoconnatum, Nordst., 7 1

.

pseudogranatum, Nordst., 2}6

pseudoprotuberans, Kirch., "I'j :

mentioned, 57.

var. augustius, Nordst., 56.

4b
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Cosmarium pseudoprotuberans, forma,

57.

pseudopyramidatum, Lvnd., 56,

24f); mentioned, 247.

Pseudoregnesii, Wesi SfWest /.*,

59.

pseudot;i xichondrum, Nordst.,

mentioned, 68, 252.

subsp.trichondrumjZrrt^er-A.,

252.

var. quadridentulum,

Lagerh., 252.

pulchellura, W. B. Ttini., men-

tioned, 250.

pulvinatum, We^t Sf Westf.*, 64.

punotulatum, Breb., 63 ; men-

tioned, 64.

var. ornatum, Istv.

\^
= tSchaars.^, 63.

quadrogranulatum. West 4' West

/.* 57.

llegnellii, Wille, 58, 248.

var. madagascariense. West

4- West/*, 58.

Regnesii, Meinseh, 59 ; men-

tioned, 60.

var. tritum, West, 59.

Rostellum, West Sf West/*, 68.

forma minor, 68.

scabratulum, West 4' West /.*,

64.

scitum. West 4' West/*, 68.

sculptum, B. EicM. 4- Gutiu.,

mentioned, 69, note.

sculptum, West & "West f.*,

dim, 69, note.

Hinostegos, ScJiaars., 58, 247,

var. obtusius, Gutw., 58,

247.

sp., 70.

spyridion, Wesi 4- West /.*, 64.

subalntum. West 4' West/.*, 63.

subauriculatum, West 4' West

/•*, 55.

suhbinale, Lagerh., 245.

subdepressum. West 4' West /.*,

247.

.subimprcssulum, Borge, 247.

sublatere-undatum, West 4- West

/.*, 60. 248.

sublobatum, Arch., var. crispu-

lum, Nordst., mentioned, 53.

submamillatum, WeM 4' West

subprotuberans, West 4' West

Cosmarium subpulchelliim, West 4"

Westf.*,2oQ.

subspeciosum, Nordst., 69.

var. effigiatum, West 4'

West/*, 69.

var. truneatum, West 4"

West/.*, 69.

subtholiforme, Macdj., var.

Malinvernianum, Racih., 251.

sulcatum, NordM., 57.

supraspeciosum, Wolle, men-

tioned, 250.

taxichondriforme, B. Eichl. 4'

Guttu., mentioned, 252.

taxichondrum, Lund., QQ, 251.

var. angulatum, West Sf

Westf.*, 251.

var. bidentulum, Lacjerh.,

mentioned, 67, 251.

— var. compressum. West

4f West /.*, 67 ; mentioned,

251.

— var. dentatum, West Sf

West /.*, 67 ; mentioned,

251.

— var. emarginatum, West

4f West /.*, 66 ; mentioned,

251.

— var. litbuanicum, lladh..

mentioned, 251.

— var. nudum, W. B. Turn.,

mentioned, 251.

— var. subundulatum, Boldt,

67; mentioned, 251.

forma subdenticula-

tum, West 4- West /'.*, 67 ;

mentioned, 251.

tithophorum, Sordst., od, 247.

forma intermedia, B. Eichl.

4- Gutw., 247.

trachydermum, West 4" Westf.*^

64.

trachypleurum, Lund., 66 ; men-

tioned, 251.

var, spinosum. West Sf

West /.*, 66.

var. verrueosvm, Kirchn.,

66.

trigemmatum, Delp., mentioned,

65.

trilobulatum, Reinsch, men-

tioned, 55.

triordinatum, West 4' West /.*,

m.
tripapillatum, West 4" West /.*,

65.

Cosmarium tripapillatum, var. ala-

bastrense. West 4" West/.*, 66.

viride. Josh., 71.

zonarium. West 4' West /.*, 71.

Cosson, E. E. C, Najas in his

herbarium, 437.

Cotoneaster tomentosa, Lindl., 156.

vulgaris, Linn., 356.

var., 156.

Courchet, L., observations on colour-

ing matters of roots, m.entioned,

348-353.

Crataegus Azarolus, Linn., 156.

monogynu, Jacq., 156.

Oxyacantha, Jacq., 156.

var., 156.

Pyracantha, Linn., 156.

Craterostigma, Hochst., 345.

anriculcpfolium. Ward & Dale*,

345.

plantagineum, Hochst., 345.

pumilum, IfocJist., 345 ; colour

bodies in root, 352 ; described,

343-344 ; distinctive feature,

345 (Ward 4' Dale), 343-

355.

Crepis alpestris, Tausch, 182.

var., 182.

aurea, Cass., 182.

biennis, Linn., 182.

blattarioides, Vill., 182.

chondrilloides, Jacq., 182.

FraelicMana, DC, 180.

grandiflora, Tausch, 182.

incarnata, Taiisch, 180.

var., 180.

Jacquini, Tausch, 182.

neglecta, Linn., 182.

nicteensis, Balh., 182.

paludosa, Moench, 182.

praemorsa, Tausch, 180.

pulchra, Linn., 182.

pygmsea, /Ann., 182.

succisaefolia, Tausch, 182.-

tectorum, Linn., 182.

virens, Vill., 182.

Crocus biflorus. Mill., 210.

medius, Balh., 210.

variegatus, Hoppe, 210.

vernus, All., 210.

Crucianella angustifolia, Linn., 166.

Crucianella, Linn., explosive opening

of flowers, 94.

Cruci]j'ek.t5, proportion in Alpine

Flora, 123.

Crupina vulgaris, Pers., 178.
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Cryptogams, foliar bundlts iu I'alaeo-

zoic, 364.

Cucubalus baccifer, Linn., 140.

Cunniughamia, 2i. Br., transfusion

tissue on, 302.

sinensis, li. Br., 315.

Cupressus torulosa, J). J)on, 315.

Curvature of hypocotyl of Loranthus

(Keeble), 104.

Cuscuta, Toura., haustoria of, 111.

Cesatiana, Bert., 188.

Epilinum, Weihe, IBS.

Epithymuin,. //i/j»., 188.

europiiea, Linn., Ibi^.

planiilora, Ten., 188.

urceolata, Kunzc, 188.

Cyanic colouring matters in roots,

348, 349.

Cycads, foliar bundles in, 364 ;
trans-

fusion tissue in, 301, 308. 309,

311, 315.

Cycas, Linn., anatomy of, 445-459
;

Ligniers account of trnnsfusion

tissue in, 303, 304.

revoluta, Thunh., 307, 318, 452,

455, 456 ; roots of, 449

;

spermatozoids in, 318 ; Zim- -

mermann's account of trans-

fusion tissue occurring in,
,

302.

Seemanni, ^1. Br., 455.

Cyclamen europaeum, Linn., 200.

Cydonia vulgaris, Pers., 156.

Cylinder, central, of Cycads, 454.

Cylindrocystis, Menegh., 47, 237.

angulata, West 4' ItVs^/.*, 237.

crassa, /> J^'n'tf, 48.

var. ellipticum, West 4'

West/.*, 4^.

tumida, F. Gay, 47, 238.

tumida, Wolle, 237.

Cymopolia, Lamour., 17, 18.

CrMOPOLiEiE, mentioned, J 6, 17, 18,

19.

Cynanchum laxum, Bartl., 186.

Vincetoxium, Li7in., 186.

Cynodon Dactylon, Pers., 220.

Cynoglossum Dioscoridis, VilL, 188.

montanum. Lam., 188.

officinale, Linn., 188.

pictum, Ait., 188.

Cynomorium, Mich., mentioned, 380.

Cynosurus cristatus, Linn., 224.

echinatus. Linn., 224.

Cyperus flavescens, !Ann., 214.

fUSCUS. Lnm.. 210.

Cyperus glaber, Linn., 21 6.

glomeratus, Linn., 216.

longus, Linn., 216.

Monti, fjinn. f., 210.

Cypripedium Calceolus, Linn., 21<».

Cystoliths in Craterostigma, 347.

Cytisus alpinus, Mill,, 146.

argenteus, Linn., 148.

capitatus, ,/acq., 146.

glabrescens, JSartor, 146.

hirsutus, Linn., 146.

Laburnum, TJnn., 146.

nigricans, Linn., 1 46.

prostratus. Scop., 146.

purpureus, Scop., 146.

radiatus, Mert. Sf Koch, 14(>.

sagittalis, il/ifri. ^ Koch, 14r).

sessilifolius, Linn.. 146.

Dactylis glomerata, /Ami., 224.

Daguillon, A., on Abietinea^, 303,

312.

Dale, Miss E., see Ward, H. M., &

E. Dale.

Dammara, BnmjJi., parallel venation,

305.

sp., 313.

Danthonia provincialis, BC, 222.

Daphne alpina, lAnn., 202.

Cneorum, Linn., 202.

Laureola, Linn., 202.

Mezereum, Linn., 202.

rupestris, Facch., 202.

striata, Tratt., 202.

Darwin, F., comm, by (Keeble), 91.

DASYCLAnE.i:, 16, 17, 31 ; calcified

spore membranes, 10.

Dasycladus, Ar/h., mentioned, 5, 17,

18, 24.

Datura Stramonium, Linn., ]9(».

var., 190.

TatvJa, Linn., 190.

Daucus Carota, Linn., 166.

De Bary, A. H., observations on cells

in roots, cited, 346; on roots of

Iriartea, 277; on transfusion

tissue in Conifera?, 302.

De Candolle Herbarium, Najas

material in, 437.

Delessert Herbarium, Najas speci-

mens in, 437.

Delphinium Consolida, Linn.. 13it.

var. (livaricatuni. /infl*.

UiO.

elatum, Linn., 130.

var. montanum, DC. K')".

Dendrophthoii
<f in Ceylon, 113,

Dentaria bulbifera, Linn., 132.

digitata. Lam.. 132.

enneaphylla, Linn.. 132,

pinnata. Lam., 132,

polyphylla, WalcLof. ^ Kit.? 132.

trifolia, IVahfst. t^ Kit.? 132.

Derbesia, Solier, mentioned, 4.

Desmidiaceaj from Lake Alastra, 41,

Desmidiea% North American (West),

229-274.

Desmidium, .-Iv/*., 43, 233; alluded

to, 23(1.

a.'(iuale, West ^- W'rsff.*, 233.

var. a. elliptica, West 4'

West/.*, 233.

var. />. trigona, West 6f

WeHtf.*, 233.

Aptognnuni, lireh., 233,

—— var. Ehrenbergii, liahenh.,

233.

Baileyi, A Bary, 44.

var. genuina, Kordat., 44.

var. indicum, W.B. Turn.,

mentioned, 44.

coarctatum, Nordst., 233.

cylindricum, Grev., 233,

var, obliquum, We^t 6f

West/*, 233.

glahrum, Khrenb., 255.

qnaifraiKjulatam, llalfs, 43.

quadratum, Nordst., 233.

Swartzii, Agh., 43.

— var. amblvodon, Rahenh.^

43.

var. (juadrangulatum, Roy,

43.

Dianthus alpestris, Balb., Ki8,

var, furcatus, Bert., 138.

Armaria, Linn., 138.

atrorubens, AIL, 138.

barbatus, Linn., 138,

csesius, Sm., 140,

Carthusianorum, Linn., 138,

deltoides, Li)ni.. 138.

glacialis. Ihtfitl.. KiN.

hirtus, VilL, 110.

liburnicus, Bartl., 138,

raonspessulanus, Linn., 140.

neglectus, Lois., 138,

var., 138.

Oreades. ./. Ball*, 140.

pluuiarius, Linn., 1 tO.

urolifer, Linn., \'.\^.

Seguieii, {'(7/., 138,

superbus, Linn., 140,

4b2
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Dianthus sylvestris, WriJf., 138.

tenet; Balb., ] 38.

Dicaeum erythrorhjnchum (Legge),

and D. minimum, fertilizing Lor-

aiithus, 1)7.

Dichotomum, WeM cf- West f*, 270.

bibrachiatum, West ^ West/.*,

270.

var. cymatium, West ^
West/., 270.

elegans, West Sf West /.*, 273.

Dictamnus Fraxinclla, Pers., 146.

Didymojrrivm, Kuetz., a subgenus,

234.

Boj-reri, Ralfs, 232.

Grevillei, Kuetz., 233.

Digitalis ferruginea, Linn., 190.

grandiflora, Lam., 190.

lutea, Linn., 190.

purpurea, Linn., 190.

Dino-Flagellata, plants or animals,

322.

DiNOPHYSE-E, 330.

Dinophysis, Ehrenh., 331.

acuta. FArenh., 331, 337, 340/3,

340/4.

hastata, Stein, 331, 337, 338,

338/1, 340/2.

Homunculus, Stein, 331, 337,

338/1, 340/1, 340/2, 340/3,

340/4.

rotundata, Clap. S,- Lachm.,2>'d].,

337, 338/1, 340/1, 340/3,

340/4.

Iludgei, Murr. ^- Whitt.*, 331.

Sacculus, Stein, 331, 340/1.

Schuetii, Murr. ^- WMtt.*, 331,

340/3.

sphaerica, Stein, 331, 337, 338,

340/1, 340/2, 340/3, 340/4.

uracantha, Scbuetfc, 331, 337,

338/1, 340/1, 340/2, 340/3,

340/4.

uracantha, Stein, 331, 337,

338.

Dioon, Lindl., 456 ; Mettenius's work
on, 445.

Diplachne serotina. Link, 224.

Diplopsalis, Bergh, 325.

Lenticula, Berr/h, 325, 338/1.

sfecularis, Murr. ^ Whitt.*,

325, 326, 338, 338/1, 339,

340/2, 340/3, 240/4.

Diplotaxis muralis, DC, 134.

tennifolia, DC, 134.

viminalis, DQ., 134.

Dipsacus pilosus, lAnn., 168.

sylvestris, Mill., 168.

Distribution of Xajas, 386 ; of plants

on south side of Alps (Ball), 119-

227 ; of seeds of Loranthus, 96.

Districts of Alps, local floras (Ball),

126.

Docidium, Breh., 44, 234.

haculiforme, W. B. Turn,, 46.

Baculum, Breh., 44, 234.

, var, Jioridense, "Wolle,

234.

Baculum, r. L. Harv., 234.

constrictum, Bail., 234,

dilata.tum, Lund., mentioned, 44.

egregium, W. B. Turn., 236.

Ehrenbergii, Balfs, 45.

gracile, Wittr., 236.

Manubrium, West ^- West /.*,

44.

minutuni, Ralfs, 237.

nobile, Luml., mentioned, 44.

nodosutn. Bail., 234.

orientale, W. B. Turn., 45.

quantillum, W. B. Turn., 45.

Sceptrum, Kuetz., 235.

subcoro7iulatum , W. B. Turn.,

44, 235.

tessellation, Josh,, 235.

tridentulum, Wolle, 235.

truncatuliim, \Y. B. Turn,, 46.

Doronicum austriacum, Jacq., 174.

cordifolium, Sternb., 174.

Pardalianches, Linn., 174.

Dorycnium herbaceum. Fill., 150.

sufFruticosum, Vill., 150.

Draba aizoides, Linn., 134.

var., 134.

cariidhiaca, Hoppe, 134.

fladnitzensis, Wiilf., 134.

frigida, Saut., 134.

incana, Linn., 134.

muralis, Linn., 134.

nemoralis, Ehrh., 134.

Sauteri, Hoppe, 134.

sclerophylla, Gaudin, 134.

stellata, Jacq. ?, 134.

varr., 134.

tomentosa, Walilenb., 134.

varr., 134.

Trannsteineri, Hoppe, 134.

verna, Linn., 134.

Zahlbruckneri, Host, 134.

Dracocephalum austriacum, Linn.,

196.

Ruyschiana,''Irt«n., 196.

Drake del Castillo, E., Najas in his

herbarium, 437.

Drosera, Linn., tentacles mentioned,

289.

longifolia, Linn., 138.

rotundifolia, Linn., 138.

Dryas octopetala, Linn., 154.

Dudley, Prof. W. R., specimens of

Najas sent, 387.

' Dunvegan Castle,' plankton col-

lected during voyage of, 321.

Dyer, Sir W. T. Thiselton-, Note on

Ball's paper, 119.

Dypsis sp., roots of, 280.

Echinops Ritro, Linn., 174.

sphasrocephalus, /Ann., 174.

Echinospermum deflexum, Lehm.,

188.

Lappula, Lehm., 188.

Echium italicum, Linn., 190.

pustulatum, Sihth. 4' Sm., 190.

vulgare, Linn., 190.

Ehrenberg, C. G., work on Peri-

diniaceae alluded to, 321.

Elatine Alsinastrum, Linn., 144.

hexandra, DC, 144.

major, A. Br., 144.

' Elbe,' plankton collected during

voyage of, 321, 340.

Eleocharis acicularis, It. Br., 216.

carniolica, Koch, 216.

ovata, R. Br., 216.

palustris, R. Br., 216.

uniglumis, Schult., 216.

Elymus europajus, Linn., 226.

Eljna spicata, Schrad., 216.

Elytranthe § in Ceylon, 113,

Embryo of Najas, 385.

Empetrum nigrum, Linn., 204.

Encephalartos, I^eJim., its compara-

tive anatomy (Worsdell), 445-459.

Altensteinii, Lehm., referred to,

451.

caffer, T^ehm., 445, 452.

horridus, Lehm., 449, 452, 453,

456, 457 ; mentioned, 451.

lanuginosus, Tjehm., anat., 450.

Endarch, term ])roposed by Scott,

defined, 306.

Endoptcra aspera, DC., 180.

Endymion nutans, Dumort., 214.

Engler, A., Braun's types of Najas

lent, 387.

Engler und Prantl's 'Natiirliche

Pfianzenfamilien,' mentioned, 321«
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Eocene, Acicularia found in, 9.

Ephedra, Toum., triiiisl'usion tissue

in, 301 ; venation of, 302.

distachya, Linn., 206.

Epicotyls, cnrvatnre, 107.

Epilobium alpinum, Linn., J 58.

angustifolium, Linn., 156.

Dodontei, Vlll., 156.

Fleischeri, lioclist., 156.

birsutum, Linn., 1 56,

lanceolatum, Seh. 4" Mauri, 156.

montanum, Linn., 156.

origanifolium, Lam., 158.

palustre, Linn., 156.

parviflorum, ScJtreh., 156.

roseum, ScJireb., 158.

tetragoimm, Linn., 158.

trigonum, SchranTc, 158.

Epimedium alpinum, Linn., 1 30.

Epipactis latifolia, All., 210.

var., 210.

microphylla, Ehrh., 210.

palustris, Crantz, 210.

ruhiginosa, Gaudin, 210.

Epipogum Gmelini, Bieh., 210.

Equisetum, Linn., stem of, 279.

Eragrostis megastachya, Linn.. 222.

pilosa, Beauv., 222.

poaeoides, Beauv., 222.

Eranthis hyemalis, Salish., 130.

Eeemobi^ from Lake Alasfcra, 41;

from Madagascar, 82.

Erica arborea, Linn., 186.

carnea, Linn.. ]86.

Tetralis, Linn., flowers pierced

by bees, 94.

Erigeron acris, Liyin., 17<'.

var., 170.

alpinus, Linn., 170.

canadensis, Linn., 170.

draehachensis. Mill., 170.

glahratus, Hoppe, 170.

nniflorus, lAnn., 170.

var., 170.

ViUarsii, Bell, 170.

Erinus alpinus, Linn., 192.

Eriophorum alpinum, Linn., 216.

angustifolium, i?o^7t, 216.

latifolium, Hoppe, 216.

Scheucbzeri, Hcq^pe, 216.

vaginatum, Linn., 216.

Eritrichium Hacquetii, Koch, 190.

nanum, Schrad., 190.

var., 190.

Erodium ciconiura, TFiVW., 146.

eicutariuro, L'Herit., 146.

Ervum gracile, DC, 152.

hirsutum, Linn., 152.

tetraspermum, /Ann., 152.

Eryngium alpinum, Linn., 162.

amethystinura, Linn., 162.

campestre, Linn., 162.

Erj'siiium canescens, 72o/7i, 134.

cheiranthoides, Linn., 134.

Cheiranthus, Pcrs., 134.

varr., 134.

helvetinan, Gaudin, 134.

odoratum, hJhrh., 134.

orientale, 7?. i^r., 134.

purnilum, Gaudin, 134.

repandum, Linn., 134.

rhaeticum, DC, 131.

virgatum, lioth, 134.

ErythrjBa Centaurium, T/um., 186.

var., 186.

pukhella, Fries, 186.

Erythronium Deus-canis, Linn., 212.

Erj'throphyll, 350.

Euastrum, Elirenh., 49, 241.

abi-uptimi, var. erolutnm, Nordst.,

243.

ansatum, Balfs, 50.

var. pyxiolatum, Z?e7p.,

50.

apiculatum, Ehrenb., 240.

attenuatum, Wolle, 243.

bellum, Nordst., 49.

var. irregularis, West Sf

ms«/.*, 49.

var. madagascariense, West

Sf West f.*, 4.^.

binale, Jlalfs, 53.

Ciastonii, Racih., 244.

cosmarioides, Tr(?s« Sf West /.*,

54.

crassum, Kuetz, 242.

var. scrobiculatum, Lund.,

242.

C-nx-melitensis, Ehrenb., 48.

denticulatum, F. Gay, 53.

var. rectangulare. West Sf

TF^sf/.*,53.

depressum, Naeg., 247.

elegans, Kuetz, 52, 244.

. var. bidentatum, Xacj.,

244.

var. madagascariense, West

4' West/.*, 52.

var. ornatum, West, 244.

var. speciosum, Boldt, 244.

. var. spinosum, Jialfs,

Euastrum evolutum, West 4' West /.*,

243.

, var. integrius, Went Sf

Westf.*, 244.

(jemmatuin, Brob., var. muiio-

cyclnnt, Xordst., 51.

gigantoum, Nordst., 241 ; re-

doscribcd, 242.

Glaziovii, Ucerg., 244.

Hastinysii, Wolle, 243.

hypochondroides, West Sf West

/.*, 49.

hypochondrum, Nordst., men-

tioned, 49.

insigne, Hast., 242.

insiyne, Wolle, 242.

intermedium, Vleve, 242.

intermedium, Wolle, 243.

mamilhsum, Wolle, 242.

monocyclum, Kacib., 51.

var. aiquilobum, West Sf

Westf.*, 51.

var. i)oIonicum, Racib.,

244.

51.

Nordstedtianum, Wolle, ex parte,

243.

obesum, J»sh., 50.

var. subangulare, West 4'

Weslf.*,oO.

oblongum, Ralfs, 242.

var. scrobiculata, Nordst.,

242.

oculatum, Bu-ry., 244.

var. tonsum, West iV West

/.*, 244.

orientale, W. B. Turn., 242.

personatum, West Sf West f.*,

52.

innnatijulum, Kuetz., 48, 238.

pyramidatum, West, 53.

var. incrassatura, West Sf

West f.*, 53.

rostratum, Ralfn, 51.

subsp. umbonatum, West

Sf West f.*, 'A.

var. ornatum, West Sf

Westf.*,'->2.

var. pra;morsum, Nonlst.,

mentioned, 52.

.^cidptvm, W. B. Tuni., 51.

solidum, UVn/ cV IT, .//.*, 244.

sp.*, 49, figured,

ephyroides, Nordst., mentioned,

49.

spiuulosum, Ddp., var. africa-

num, Nordst., 50.
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Euastrum spinulosum, var. duplo-

minor, West 4' West/.*, 50.

forma sub major, 51.

sublobatum, Airh., mentioned,

54.

subornatum, West Sf West f*.
;>45.

subrostratum, Wist S,' West f*,
52.

sympageura, West 4' West /.*,

50.

trigibberum, West 4" West f.*,

53, 245.

validum, West 6f West f.*, 245.

WoUei, Lagerh., 24'6.

Euloranthus § in Ceylon, 113.

Eunajas§, AscJiers, 380, 386, 389;
subgenus, suppl. notes, 437.

Euonymus europa)Us, Linn., 146.

latifolius, Scop., 146.

verrucosus, Scop,, 146.

Eupatorium cannabinum, Linn., 170.

Euphorbia amygdaloides, Linn.,

204.

angulata, Jacq., 204.

Baselicis, Ten., 2u4.

carniolica, Jacfi., 204,

Chamaesyce, Linn., 204.

Characias, Linn., 204.

Cyparissias, Linn., 204,

dendroides, Linn., 204.

dulcis, Jacq., 204.

epithymoides, Jacq., 204.

Esula, Linn., 2(t4.

exigua, Zwm., 204.

falcata, Linti., 204.

Oerardiana, J"o(;(^., 204.

helioscopia, Linn., 204.

Lathyris, Linn., 204.

nicaeensis, -4^/., 204.

var,, 204.

Peplus, Linn., 204.

platyphylla, Linn., 204.

procera, Bieh., 204.

saxatilis, Joe*/., 204.

segetalis, Linn., 204.

serrata, Lm*t., 204.

spinosa, Linn., 204,

taurinensis, AU., 204.

trinervis, ^<>/-^, 204.

variabilis, Ces., 204.

verrucosa, 7>a///., 204.

Euphrasia lanceolata, Gmidin, VM.
lutea, Linn., 194.

minima, SchUich., 194.

Odontites, Zi/i»,, 194.

Euphrasia officinalis, f^inn., 194.

var., 194.

salishurgensis. Funk, 194.

tricuspidata, Linn., 194.

viscosa, Linn., 194.

European Mistletoe, distribution of its

seeds, 97.

Euryale ferox, Salisb., mejitioned,

287, 288.

Euterpe edulis, Mart., roots of, 280.

Euvaginata^ § jN^ajas, 410 ; suppl.

notes, 442.

Exarch, the term referred to, 30(5.

Excretion of Carotin, 353.

Explanation of Ball's abbreviations,

127.

Exploding flowers of Loranthus, 94-

96 : of Crucianella, 95.

Eagus sylvatica, Linn., 204.

Falcaria latifolia, Koch, 162.

Rivini, Host, 162.

Earsetia clypeata, Ji. Br., 134.

incana, B. Br., 134.

Fatscmmo, .Japanese name of Najas

foveolata, 443.

Eems, steles of two bundles only,

298.

Fertilization of Loranthaceae of Ceylon

(Keeble), 91.

Ferulago galbanifera, KocJi, 164.

Festuca arundinacea, Schreb., 224.

dumetorum, Jjinn., 224.

durinseuJa, Linn., 224.

Eshia, Ham., 224.

tlavescens, BelL, 224.

(hmdini, Kunth, 224.

gigantea, Vill., 224.

HaUeri, .1/7., 224.

heterophylla, Jjcim., 224.

var., 224.

hirsuta, DC, 224.

loliacea, Hads., 226.

nigrescens, Lam., 224.

ovina, Linn., 224.

varr., 224.

pilosa, Ilall /., 224.

pratensis, Iluds., 226.

pumila, Vill., 224.

rubra, L/inn., 224.

var., 224.

Scheuchzeri, Gmidin, 224.

spadicea, IJnn., 224.

spectabilis, Jan, 224.

sylvatica, VilL, 224.

varia, Haenl-e. 224.

Festuca varia, varr., 224.

violacea, Gaudin. 224.

xanthina, Roem, & Sehult., 224.

Filago arvensis, Linn., 170.

gallica, Linn., 170.

germanica, Linn., 17(i.

var., 170.

minima, Fers., 170.

pjiramidata, Yill., 170.

Fimbristylis annua, Roem. is. Sehult.,

216.

dichotoma, Vahl, 216.

FlageJlum Christi, Cupani, 379.

Flora of the Alps, limits (Ball), 122 ;

origin, 124.

Flower of Loranthacea), fertilization

in Ceylon (Keeble), 91 ; of Najas,

382 ; Magnus on, 382.

Fluvialis, .T. Bauh., 388 : Vaill.,

379.

angusto hreviqne folio. Vaill.,

390.

angusto longoquc folio, Vaill.,

379, 390.

jleoeilis, Pers., 403.

foliis angustis, dentatis, Vaill.,

390.

indica, Pers., 400.

latifolia, fructu minus obtuso

monospermo, Mich., 390.

latifolia, fructu obtuso tetra-

spermo, Mich., 390.

minor, Pers., 411.

minor, foliis angustissiniis, denti-

culatis, deorsuin rejlewis, fructu

acuto, tenuiori, monospermo^

Mich., 411.

Pisana, Pluk., 3i)0.

Pisana, foliis denticulatis, J.

Bauh., 379, 390.

partim, 411.

Bpecies angusto hrevique folio

undequaqtte spinis infesta

(Flagelhmi Christi), Cup.,

390."

species folio angusto, ad margines

denticulis spinosis inciso, Fla-

gelhtm Christi dicta, Eay,

390.

vulgaris latifolia, Vaill., 379,

390.

Foot of Loranthus seedlings (Keeble),

103.

Fossil species of Najas, 444.

Fragaria collina, Ehrh., 154.

elatior, Ehrh., 154.
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Pragaria vesca, Linn., 154

Frank, B., discoverer of transfusion

tissue, 301.

Franzoni. Alberto, on botany of Alps,

120, note,

Praxinus excelsior, Linn., 186.

Ornus, Linn., 186.

Freshwater Algsc of Madagascar

(West), 41-90.

Fritillaria delphinensis, Gren., 212.

involucrata. All., 212.

monttuia, Hoppe, 212.

Fruits of Loranthus (Keeble), 97.

Fucus, Tourn., 388.

Jtuviatilis, aculeatus, undulattis,

Tourn., 390.

Penictdns, R. Br., 28.

Oagea arvensis, Schult. /., 212.

Liotardi, Sclmlt. /., 212.

lutea, Schult. /., 212.

stenopetala, Ueichh., 212.

' Gaine/ Hovelacque's term, 367.

Galanthus nivalis, Linn., 212.

Galega officinalis, Linn., 150.

Galeopsis hijicla, Boenn., 196.

glaucovirens, Reut., 196.

intermedia, A^'ill., 196.

Ladanum, Linn., 196.

var,, 196.

Tetrahit, Linn., 196.

varr., 196.

versicolor. Curt., 196,

Galium Aparine, Linn., 166.

aristaiuni, Linn., 168.

boreale, Linn., 168.

cinereum, All., 168.

corrudaifolium, Vill., 168.

cruciatum, fSm., 166.

erectum, Huds., 168.

Iceve, Thuill., 168.

megalospermum, ViJL. 168.

Mollugo, Linn., 168.

obliquum, Fill., 168.

palustre, Linn., 168.

parisiense, Linn., 166.

pedemontanum, All., 166.

pnmilum, Lam., 168.

purpureum, Linn., 168.

rotundifolium, Linn., 168.

rubrum, Linn., 168.

saccharatuni, All., 166.

saxatile, Linn., 168.

spurium, Linn., 166.

sylvaticum, Linn., 168.

var., 168.

Galium sylvestre. Poll., 1 68.

var., 168.

Tended, Eeichh. /., 168.

tricorne, /Ann., 166.

uliginosum, Linn., 168.

vernura, 8cop., 166.

verum, TAna., 168.

Gasteria, Haiv., coloui-bodies in

flowers, 350, 351.

formosa, Haw., 35, 352.

Gaya simplex, Gaadin, 164.

Genera of Acetabulariea?, Key, J 9.

Geneva, Xajas in herbaria at,

437.

Genista cinerca, J)C., 146.

Delarbrei, Lee. 4' I^am., 146.

diffusa, Willd., 146.

germanica, Linn., 146.

mantica, Poll., 1 46.

ovata, Wnldst. cj- Kit., 146.

var., 146,

pilosa, Linn., 146.

sericea, Linn., 146.

tenuifolia, Lois., 146.

tinctoria, Linn., 146.

var., 146.

Gentiana acaulis, lAmn., 188.

(estiva, Schult., 188.

alpina, VilL, 188.

Amarella, Linn., 188.

asclepiadea, Linn., 188.

bavarica, Linn., 188.

campanulata, Jacq., 188.

eampestris, Linn., 188.

ciliata, Linn., 188.

cruciata, Linn., 188.

germanica, iriiYZrf., 188.

var., 188.

imbricata, Froel., 188.

lutea, lAmi., 186.

macrophylla, i?^rf., 188.

nana. Waif., 188.

nivalis, /Ann., 188.

ohtusifolia, Willd., 188.

pannonica, Scop., 188.

Pneumonanthe, Linn., 188.

prostrata, Haenke, 188.

pumila, T'rtc^., 188.

punctata, Linn., 188.

var., 188.

purpurea, Linn., 186.

Rostani, i^eu^, 188.

tenella, Eottl., 188.

utriculosa, lAnn., 188.

verna, lAnn., 188.

--^— var., 188.

Geographical distribution of Najas,

386.

Geonoma pumila, Lind. 4' -/^. IVcndL,

roots of, 280.

Geotropism absent from Loranthus

seedlings, 104.

Geranium. aconitifolium,Z/'//m<.,144.

argenteutn, Linn., 146.

bohemiciim, Linn., 146.

columbinum, Linn., 146.

dissectum, Linn., 146.

divaricatum, Ehrh., 146.

lucidum, Linn., 14(>.

macrorhizum, Linn., 144.

moUe, Linn., 146.

nodosum, Linn., 144.

palustre, Linn., 146.

phaeum, Linn., 144.

pratense, Linn., 144.

pusillum, Linn., 146.

pyrenaicum, /Ann., 146.

llobertianum, JAnn., 146.

rotundifolium, Linn., 146.

sanguineum, Linn., 146.

sylvaticum, Linn., 144.

Germination of Loranthus in Ceylon,

99.

Geum montanum, Linn., 154.

reptans, Linn., 154.

rivalc, Linn., 154.

sylvaticum, Pourr., 154.

urbanum, lAnn., 154.

Ginalloa spathulifolia, Oliver, 113.

Gingko biloba, Linn., 315-318;

anatomical pecuUarities, 305, 309,

310, 315-318 ; cotyledons of, .305,

317: leaf, 306 ; spermatozoids in,

318.

Glacial Period, its effects on the flora

of the Alps, 121.

Gladiolus communis, Linn., 2J0.

palustris, Gamlin, 210.

Glechoma hederacea, Linn., 106.

Glenodinieje, 322.

Glenodinium, Ehrenh., 322,

trochoideum, Stein, 322, 339.

Globularia cordifolia, Linn.. 200,

nudicaiilis, Linn., 20U.

vulgari'-. Liini., 200.

Glceocystis vesiculosa, Naeg., 82,

Gloeotrichia Pisum, Thuret, 84.

Glyceria distans, IFrt/Jctit., 224.

fluitans, i?. 5r., 224.

var., 224.

plicatd. Fries, 224,

spectabilis, J/f/-*. ^- A'ocA, 224.
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Gnaphalium cari>athicuiii, Wahlenb.,

172.

dioicum, Linn., 172.

Hopi)eanum, Koch, 172.

Leontopodium, Scop., 172.

luteo-album, Linn., 172.

supinum, Linn., 172,

sylvaticum, Linn., 170.

uliginosum, Linn., 170.

GNETACEiE, transfusion tissue in, 302.

Gnetuni, Linn., venation of, 302.

Gnemon, Linn., bracts of, 302.

Gonatozygon, De Bartf, 230.

aculeatum, IIastin(js, 230.

jnlosvtn, AV. E. Turn., 230.

pilosum, Wolle, 230.

Goniodoma, Stein, 324.

acuminatum, Stein, 324, 337,

338, 338/1, 339, 340, 340/1,

340/2, 340/3, 340/4; men-

tioned, 326.

fimbriatum, Murr. 6f Whitt.*,

325, 338/1, 340,340/2, 340/3,

340/4.

Milneri, Murr. 4' Whitt.*, 325,

337, 338, 338/1, 339, 340,

340/1, 340/2, 340/3, 340/4.

sphaericum, JMurr. ^~ Whitt.*,

325, 339, 340/1, 340/3.

Gonyaulax, Dies, 323.

birostris. Stein, 323, 338/1, 339,

340/1 ; mentioned, 324.

gIyptorhynchus,3/M/T.4-TF7trii.*,

324, 338, 340/2, 340/3,

340/4.

Highleii, Murr. 4- Whitt.*, 324,

337, 340/2, 340/3, 340/4.

Jolliffei, Miirr. 4- Whitt.*, 324,

337, 338, 338/1, 339, 340/1,

340/2, 340/3, 340/4.

polygramma. Stein, 323, 337,

338, 339, 340, 340/1, 340/2,

340/3, 340/4 ; mentioned,

324.

Turbynei, Mu,-,-. 4 IVhitt.*, 323,

34(J/4.

Goodyera repens, E. Br., 210.

Geahine^i:, proportion in Alpine

Flora, 123.

Grasses, proportion in Alpine l-'lora,

123.

Gratiola officinalis, lAnn., 190.

Gunnera, Linn., s1 ele in, 279.

Gwynne-Vaughan, D. T., Morphology

and Anatomy of the Nympha^aceae,

287-299.

Gymnadenia albida. Rich., 210.

conopsea, li. Br., 210.

odoratissima, Bich., 210.

Gymnosperms, transfusion tissue in,

301-319.

Gymnozyga, Ehrenh., 232,

convcrvacea, West 4- West. /.*,

232.

delicatissima, JS^ordst., 233

;

mentioned, 232.

moniliformis, Ehrenh., 232.

Gypsophila fastigiata, TAnn., 13H.

muralis, Linn., 138.

repens, Linn., 138.

Haberlandt, G., on hydathodes of

Piper nigrum, 347.

Hacquetia Epipactis, BC, 162.

Halicoryne, Harv., 30 ; 19 (clavis),

34 ; mentioned, 2, 3, 12, 13, 14,

19.

spicata, Kiietz., 12, 13, 14, 15,

note, 31 ; clavis, 30.

Wrightii, Harv., 12, 13, 14, 18,

31, 39; clavis, 30.

Halicokynide^;, 19.

Halimeda, Lamour., mentioued, 24.

Halospha^ra viridis, A, Schmidt, 338/1,

339, 340, 340/1, 340/2; men-

tioned, 326.

Hamulus Lupulus, Linn., 204.

Hapalosiphon Baronii, West Sf West

/*, 85.

Braunii, Xaeg., 8.5.

j)uniilus, Kirchn., 85.

Haustoria of Cuscuta, 111.

Hedera Helix, TAnn., 166.

Hedysarum obscurura, Linn., ]50.

Helianthemum Fumana, Mill., 136.

guttatum, Vill., 136.

italicum, Pers., 136.

lunulatum, Coll., 136.

marifolium, DC, 136.

polifolium, Pers., 136.

salicifolium, Pers., 136.

vulgaro, (roertn., 136.

Helichrysum angustifolium, DC,
172.

Heliotropism, negative, of Loranthus

hypccotyls, 104, 108.

Heliotropium europseura, Linn., 188,

Helleboius fcotidus, Linn., 1.30.

niger, Linn., 130.

viridis, Linn., 130.

Helosciadium nodiflorum, Koch, 162.

Hemerocallis flava, Linn., 214.

Hemerocallis fulva, Linn., 214.

Heracleum alpinum, Linyi., 164.

asperum, ]\Iert. 4' Koch, 164.

elegans, -Jacq., 164.

Pollinianum, Bert, 164.

sibiricum, Linn., 164.

Sphondvlium, TAnn., 164.

var., 1 64.

Herminium Monorchis, R. Br., 210.

Herniaria alpina, Vill., 158.

glabra, Linn., 158.

hirsuta, Linn., 158.

incana, Lam., 158.

Hesperis laciniata, All., 132.

matron alis, JAnn., 132.

Heterangiura, Oorda, 455; mentioned,

305.

Heteropogon Allionii, Roem. 4' Schult,

220.

Hibiscus pentacarpos, Linn., 144.

Trionura, TAnn., 144.

Hieracium albidum, Vill., 184.

alpinum, Linn., 184.

araplcxicaule, Linn., 184,

var., 184.

andryaloides, Vill., 184.

angustifolium, Hoppe, 182.

aurantiacum, Linn., 182.

Auricula, Linn., 182.

australe, Fries, 184.

Bauhini, Bess., 182.

bifurcum. Bieh., 182.

var., 182.

Bocconel, Griseb., 182.

boreale, Fries, 184.

bupleuroides, Gmel., 182.

var., 182.

cerinthoides, Linn., 182.

cydoniEcfolium, Vill., 184,

dentatum, Hoptpe, 182.

florentinum, All., 182.

var., 182.

furcatum, Hoppe, 182.

glabratum, Hoppe, 182.

glanduliferum, Hoppe, 182

glaucopsis, Greu., 182.

glaucum, All., 182.

var., 182.

Haimnanni, Eeichb., 182.

incision, Hoppe, 184.

.Tacquini, Vill., 184.

la)vigatum, Wtlld., 184.

Larigerii, Sch. Bip., 182.

lauatuui, Vill., 184.

Lawsoni, Vill., 182.

Morisianum, Reichh., 182.
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Hieracium.murorum, Linn., 182.

varr., 182, 184.

ochroleucum, Schleich., 184.

Pdperitzii, Eeichb., 182.

Peleterianum, Merat, 182.

Pilosella, Linn., 182.

varr., 182.

jnloseUceforme, Hoppe, 182.

polixum, Fries, 182.

porrifolium, Linn., 182.

var. dentatum, Froel.,

182.

. jmecoiX, Sch. Bip., 182.

pratense, Tausch, 182.

prenanthoides, Vill., 184.

imlmonarioides, Yill., 184.

Reuteri, Keichb., 182.

rupestre, All., 184.

sabaudum, Linn., 184.

sabinum, Seh. ^' Mauri, 182.

^^- var., 182.

Schmidtii, Tausch, 184.

8cbraderi, Scldeicli., 182.

staticifolium, ViU., 182.

siibnivale, Greti. Godr., 182.

tricbodes, Griseh., 184.

iimbellatum, Linn., 184.

valdepilosum, Vill., 182.

villosum, Jacq., 182.

vulgatum, Koch, 182.

var., 182.

Hierocbloo australis, lioem. <|- Schult.,

220.

borealis, Eoem. Sf Sclmlt., 220.

IJildebrand, F., observations on co-

.
: louring matters in roots, mentioned,

348.

IXimantoglossum hircinura, Rich.,

.210.

Hindmarch, services in collecting

plankton, 322.

Hippocrepis comosa, Linn., 150.

unisiliquosa, Linn., 150.

Hippophae rbamnoides, Linn., 204.

Hippuris vulgaris, Linn., 158.

Hirase, S., discovery of spermatozoids,

318.

IJistioneis, Stein, 332.

biremis. Stein, 332, 333, 338/1,

340/2,340/3,340/4.

crateriformis, Stein, 332, 340/2,

340/3, 340/4.

dentata, Murr. ^- Whitt.*, 334,

340/2.

Dolon, JJxrr. .[ W/tlit.'^ 335,

340/2, 340/3.

HistioneLs Francescae, Murr. 4"

Whitt.*, 333; mentioned, 332,

338/1, 340/1, 340/2, 340/3, 340/4.

Helenae, Murr. 6f Whitt.*, 335,

337, 340/2, 340/3, 340/4.

Higbleii, Murr. S,- Whitt.*, 334,

340/2, 340/3, 340/4.

magnifica, Murr. ^- Whitt., 332,

337, 338/1, 339, 340, 340/1,

340/2, 340/3, 340/4.

Milneri, Murr. Sf Whitt.*, 334,

338/1, 340/2, 340/3, 340/4.

Mitchellana, Murr. 4~ Whitt.*,

335, 337, 340/2, 340/3,

340/4.

Para, Murr. cj- Whitt.*, 333,

338/1, 339, 340/1, 340/2,

340/3, 340/4.

remora, Stein, 332,338/1,340,

340/2, 340/3, 340/4.

splendida, Murr. ^ Whitt., 332,

338/1, 340/2, 340/3.

History of anatomical work on En-

cephalartos, 445.

History of Xajas, 380.

Hofmuseum, Vienna, Xajas material

in, 437.

Holcus lanatus, Linn., 222.

mollis, Linn., 222.

Holosteum urabellatum, Linn., 142.

Homogyne alplna, Cass., 170.

discolor, Cass., 170.

sylvestris, Cass., 170.

Hooker, Sir J. D., work on Lcpido-

strobus cited, 370.

Hordeura murinum, Linn., 226.

var., 226.

pseudo-murinum, Tapp., 226.

Horminum pyrenaicum, Linn.,

196.

Hottonia palustris, Linn., 200.

Hovelacque's term ' Gaine,' 367 ;

on parichnos of Lepidodendron,

369.

Hugueninia tanacctifolia, Reichh.,

134.

Hutchinsia alpina, R. Br.. 136.

. var., 130.

hrevicaidis, Hoppe, 136.

pauciflora, JSym., 136.

petraja, R. Br., 136.

Hyalothcca, Kuetz., 232.

undulata, Nordst., '232.

Hijas, Hum., 388.

Hydrilla, X. C. Rirl.. mejitioned,

383.

SECOND SEKIES, BOTANY.—VOL. V.

Hydrocharis Morsus-rana\ Linn.,

212.

Hydrocotyle, Linn., earl} stage of

its leaf, 288.

vulgaris, Linn., 162.

Hildrocytium macrosix>ruu}. W. ]{.

Turn., 82.

Hydrodictyon, Roth, mentioned, 5.

Hyophorbe VerschafFelti, //, Wendl.,

roots of, 280.

Hyoscyamus niger, Linn., 190.

Hyoseris radiata, Linn., 1 78,

Hypericum Androsaemum, Linn.,

144.

Coris, Linn., 144.

hirsutum, Linn., 144.

humifusum, Linn,, 144.

montanum, Linn., 144.

perforatum, Linn., 144.

quadrangulum, Linn., 144.

Richeri, Vill, 144.

tetrapterum. Fries, 144,

veronense, Schrank, 141.

Hypocbaeris Facchinianii. .hidr..

180.

glabra, Linn,, 180.

maculata, lAnn., 180.

radicata, /Ann., 180.

uniflora, Vill., 180.

Hypoeotylof Loranthus, 99 : curvature

of, 104; growth, 108.

Hyssopus officinalis, Linn., 196.

Ibcris ciliata, AIL, 136.

Garrexiana, All., 136.

nana. All., 136.

pinnata, Gouan, 136.

saxatilis, Linn., 136.

Ikeno, S., discovery of spermatozoids,

318.

Hex Aquifolium, Linn., 1S6 ; its

prickles, 289.

Impatiens Xoli-tangere, Lnn>

Imperatoria angustifolia. />'"

Ostruthium, Z-y'»»., I'M.

Internodes of Xajas, :5"^i".

Inula bifrons, Linn., 170.

britannica, Linn., 170.

Conyza, DC, 170.

dysenferica, Linn.. IT".

ensifolia, Linn.. 17".

hirta, Linn.. 1 7''.

montana, Linn., 17'X

odora, Linn., 170.

Pulicaria, Linn., 17'>.

salicina. Linn.. 17"-

4c

146.

I'M.
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inula squfirrosa, Linn,, 170.

Vaillantii, Linn., 170.

Iriartea, Ruiz. 4' Pav., roots of, 276,

277.

Iris fc&tidissiraa, Linn., 210.

gernianica, Linn., 210.

graminea, Linn., 210.

italica. Pari, 21 0.

pallida, Lam., 210.

Pseud-Acorus, Linn., 210.

sibirica, Linn., 210.

spuria, Linn., 210.

squalens, Linn., 210.

tuberosa, Linn., 210.

Isatis alpina, All., 136.

pro'cox, Waldst. & Kit., 136.

tinctoria, Linn., 136.

var., 136.

fsnardia palustris, Linn., 158.

isopyruin thalictroides, Linn., 130.

Itinera, C. 0. Gmel., 388.

major, Reicbb., 390.

minor, C. C. Grael., 411.

Najas, C. C. Gmel., 390.

Jardindes Plantes, !N^ajas material in,

437.

Jasione mentana, lAnn., 184.

JolifFe, services in collecting plankton,

322.

Jonsson, B., on flowers of iS'ajas,

384.

Jiincus alpinus, Vill., 214.

areticus, Willd., 214.

articulatus, Linn., 214.

var., 214.

bufonius, Linn., 214.

capitatus. Weir/., 214.

«ompressu9, Jacq., 214.

conglomeratus, Linn., 214,

diifusus, Hoppe, 214.

effusus, Linn., 214.

filiformis, Linn., 214.

glancus, Ehrh., 214.

Jaequini, Linn., 214.

obtusiflorus, ^/ir^., 214.

squarrosus, Linn., 214.

stygius, Linn., 214.

supinus, MoencJi, 214.

nylvaticus, Reich., 214.

Tenageia, Linn.f.^ 214.

trifidus, Linn., 214.

triglumus, Zmn., 214.

Juiiiperus bermiidiana, Zmn., 314.

communis, Linn., 206 ; trans-

fusion tissue in, 302.

Junijierus nana, Willd., 206.

Oxycedrus, Linn., 206.

phoenicea, LAnn., 206.

Sabina, Linn., 206.

Jurinea mollis, lleichb., 176.

Karsten, H., on roots of Palms,

278.

Keeble, P. W., observations on the

LoranthaceaB of Ceylon, 91-117.

Kenfcia Forsteriana, F. MuelL, roots

of, 280.

Ken trophyHum lanatum, DC, 176.

Kew, specimens of Craterostigma in

Herbarium, 345.

Key to genera of Acetabularieae, 19.

King, Rev. S. W., on Alpine Flora,

120, note.

Knautia arvensis, Coult., 168.

hybrida, Coult., var. integrifolia,

168.

longifolia, Koch, 168.

sylvestris, Duhy, 168.

Kobresia caricina, Willd., 216.

Kocbia prostrata, Schrad., 200.

scoparia, ScJirad., 200.

Koeleria cristata, Pers., 222.

var. ciliata. Pari., 222.

phleoides, Pers., 222.

getacsa, DC, 222.

valesiaca, Gaudin, 222.

var., 222.

Kraus, G., on transfusion tissue in

Cycads, 301.

Lactuca auguntana, All., 180,

muralis, Fres., 180.

perennis, LAnn., 180.

quercina, Linn., 180.

saligna, Linn., 180.

Scariola, Linn., 180.

var., 180.

tenerrima, Pourr., 180.

viminea, Sch. Bip., 180.

virosa, Linn,, 180.

Lagaro.siphon, Harv., mentioned,

383.

Lamina of leaf of Craterostigma,

347.

Lamium album, Linn., 196.

amplexicaule, Linn., 196.

Galeobdolon, Crantz, 196.

longiflorum, Ten., 196.

maculatum, Linn,, 196.

Orvala, Linn., 196.

purpureum, Linn., 196.

Lappa major, Gaertn,, 1 76.

minor, DC, 176.

tomentosa, Lam., 176.

Lapsana communis, Linn., 178.

Laserpitinm gallicum, Linn., 164.

Gaudinii, Moretti, 164.

hirsutum. Lam., 164.

latifolium, Linn., 164.

nitidum, Zanted., 164.

peucedanoides, lAnn., 164.

pruteuicura, Linn., 164.

Siler, Linn., 164.

Lasiagrostis Calamagrostis, Link^

222.

Lathraea Squamaria, Linn., 192.

Lathyrus angulatus, Linn., 152.

Aphaca, Linn., 152.

Cicera, Linn,, 152.

heterophyllus, Linn., 152.

hirsutus, Linn., 152.

inconspicuus, Linn., 152.

Nissolia, Linn., 152.

palustris, Linn., 152.

prater.si.s, Linn., 152.

var., 152.

sativus, Linn., 152.

sepinm. Scop., 152.

setifolius, Linn., 152.

spha)ricus, i?efs., 152.

sylvestris, Linn., 152.

tuberosus, Linn., 152.

Lavandula vera, DC, 194.

Leaf of Craterostigma, 346.

Leaf-sheath of Kajas, 381.

Leaf-trace bundles of Lepidostrobus,

363; of Lepidostrobus oldhamius,

/5, 368.

Leaves of Najas, 381.

Leclerc du Sablon, on steles of Pfceris,

279.

Leersia oryzoides, Soland., 220.

Leguminosae, proportion iu Alpine

Flora, 123.

Lemna gibba, Linn., 208.

minor, All., 208.

polyrhiza, Linn., 208.

trisulca, Linn., 208.

Leontodon autumnalis, LAnn.,

178.

var. pratensis, Koch,

178.

Berinii, Roth, 178.

Brumati, Reichb., 178.

crispus, Vifl., 178.

hastilis, Linn., 178.

hispidus, Lann,, 178,
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Leontodon hispidus, var. hyoseroides,

Koch, 178.

varr., 178.

iacanus, /SchranJc, 178.

pyrenaicus, Gouan, 178.

var. aurantiacus, Koch,

178.

Taraxaci, Lois., 178.

tenuiflorus, DC, 178.

Yillarsii, Lois., 178.

Leonurus Cardiaca, Linn., 198.

I^pidium carapestre, R. Br., 136.

graminifolium, Linn., 136.

ruderale, Linn., 136.

Lepidodendron, Brongn., mentioned,

362.

brevifolium, Will., 357.

ffarcourtii, Binuey, 358, 360,

365, 367.

mundum, Will., 367.

eelaginoides, Sternh., 362, 367.

Spenceri, Will., 357.

vasculare, Binney, 360.

Wunschianum, Will., 357, 367.

I^pidostrobus, Brongn., Hooker's

work on, cited, 370 ;
structure

(Maslen), 357-377.

Brownii, Schimp., 367, 368.

foliaceus, 3Iaslen*, 359, 373,

374 ; diagnosis, 375.

insignis, Will., 357.

oldhaaiianus, Will, 358-360,

now = /3, Maslen.

oldharaius «, 359-366: men-

tioned, 367.

j(3, 366-371 ;
mentioned,

359-363, 3H5.

y, 359, 371.

Traquairia, Will, 372, 373.

Lepigonura rubrum, Wahlenh., 140.

Leucanthcmum Achillcae, Ball*, 174.

alpinum, Linn., 172.

var. cinereum, Bert., 172.

coronopifolium, Gren. 4' Godr.,

172.

var. ceratophylloides, Gren.

^ Godr., 172.

corymbosum, Gren. Sf Godr.,

174.

elegans. Ball *, 174.

montanura, DC, 172.

Partlicniura, Gren. Sf Godr.,

174

vnlgarc, DC, 172.

Leucojum tebtivnra, Linn., 212.

vcrnum, Linn., 212.

Leuzea conifera, DC, 176.

Libanotis athamantoides, DC. 164.

montana, All, 164.

var., 164.

Libocedrus, Endl, transfusion tissue

in, 304.

decurrens, Torr., 314.

Lignier, 0., on transfusion tissue in

Cycas, 303, 308, 309.

Ligusticum ferulaceum, All, 164.

Soguieri, Koch, 164.

Ligustrura vulgare, Linn., 186.

Lilium bulbifcrum, Linn., 212.

carniolicuni, Bcrnh., 212.

Martagon, Lhm., 212.

pomponium, Linn., 212.

Limodorum abortivum, Sw., 210.

Limonia, Linn., a host-plant of a

Loranthus, 104.

Limosella aquatica, Linn., 1 92.

Liu aria alpina, Mill, 192.

chalepensis, Mill, 192.

Cymbalaria, Mill, 192.

Elatinc, Mill, 192.

genistifolia, Mill, 192.

italica, Trev., 192.

minor, Desf., 192.

origani folia, DC, 192.

Pelisseriana, Mill, 192.

simplex, DC, 192.

spuria, Mill, 192.

striata, 7)C., 192.

supina, Desf., 192.

vulgaris, MiJl, 192.

Lindernia pyxidaria, ^ZZ., 192.

Linna^a borealis, Gron., 166.

Linnaus, bis work on Xajas, 379;

specimens of Najas in his her-

barium, 380.

Linosyris vulgaris, Cass., 170.

Linum alpinum, Jacq., 144.

campanulatum, Linn., 144.

catharticum, Linn., 144.

flavum, Linn., 144.

gallicum, Linn., 144.

montanum, Scblcich., 144.

narbonense, Linn., 144.

perenne, Linn., 144.

strictum, Linn., 144.

suffruticosum, Linn., 144.

tenuifolium, Linn., 144.

viscosura, LtHH., 144.

Lisa, D., on botany of Alps, 120,

note,

listera cordata, E. Br., 210.

ovata, R. Br., 210.

Lithospermum arvcnse, Linn., 190.

graminifolium, Viv., 190.

officinale, Linn., 190.

purpurco-cairuleum, Linn., 190.

Littorella lacustris, Linn., 200,

Litwinow, Dr. J., Najas specimens

sent by, 437.

Livistona chinensis, R. Br., root.'^ of,

280.

Lloydia serotina, Salixh., 212.

Lobelia, lAnn., mentioned, 344.

Loiseleuria procumbens, Desv., 186.

Lolium italicum, A. Br., 226.

raultiflorum, Gaudin, 220.

perenne, Linn., 226.

rigidum, Gaudin, 226.

temulentum, Linn., 226.

I^nicera alpigena, Linn., 166.

ca^rulea, Linn., 166.

Caprifolium, IJnn., 166.

nigra, Linn., 166.

Periclymenum, Z/inn., 166.

Xylosteum, Linn., 166.

I^ranthacea? of Ceylon (Keeble).

91-117.

Loranthus, X«h»., fertilization of,

91-96.

buddleoidcs, Thw., 92.

capitellatus, Wi;fht Sf Am.,

91, 95, 98, 102, 104, 113;

fruit, 114.

cuneatus, Heyne, 92, 93, 94,

97, 103, 104, 105, 113;

fruit, 114.

Dregei, Ecli. tj- Zeyh., 96.

ensifolius, Thw., 95, 113.

Gardneri, Thw., 92, 95, 99,

103, 113; fruit, 114, 116.

Hookerianus, Wight 6,- Am..

99, 102, 103, 113; fruit,

116.

Kraussianus, Mei«sn., 96.

ligulatus, Thw., 113.

lonchiphyllus, The, 92, 95,

113.

longiflorus, Desr., 92, 93, 94,

98, 103, 104, 105, 113:

fruit, 115.

var. amplexifolia, 115.

loniceroidcs, Z,i»i"., 91. 94, 9i),

98,100, 102, H'-,. 104,106,

107, 108-113.

neelgherrensis, Wight 4' Am.,

92, 94, 95, 97, 98, 102.

103, 104, 105, 107, 108,

112,113; fruit, 114, 115.

4c 2



480 INDEX.

Loi-anthus iiodiflorus, Thw., 95, iV4.

sclerophyllus, Tim., 92, 113.

Scxirrula, Zmw., 92, 103, 113,

siiborbicularis, Thw., 92, 93,

94, 113; fruit, 114.

terrestris, UooJc. /., 105.

tomentosus, Heyne, 92, 93, 94,

113, 116.

Lotus corniculatus, Linn., 150.

uliginosus, Sclik., 150.

Lunaria rediviva, Linn., 134.

Luzula albida, DO., 214.

campestris, DC, 214.

flavescens, Gaudin, 214.

Forsteri, DC, 214.

r/labrata, Hoppe, 214.

lutea, DC, 214.

multiflora, Lej., 214.

var., 214.

niffricans, Desv., 214.

nivea, DC, 214.

pedemontana, Boiss. 6) Rent.,

214.

pediformis, DC, 214.

pilosa, Willd., 214.

spadicea, DC, 214.

var., 214.

spicata, DC, 214.

sylvatica, Bichen., 214.

Lychnis alpina, Linn., 140.

Flos-cuculi, Linn., 140.

Viscaria, iimi., 140.

Lyeopodium, Bupjy., abnormal roots

of, 281.

Lycopods, foliar bundles in, 364,

Lycopsis arvcnsis, Linn., 188.

Lycopus europaeus, Linn., 194.

exaltatus, Linn,
f., 194.

Lyginodendron, Will, 318, 455
;

mentioned, 305.

oldhamium. Will., 455.

robustum, 8ew., 455.

Lysimachia Linum-stellatum, lAnn
198.

nemorum, Linn., 198.

Nummularia, Linn., 198.

punctata, I^inn., 198.

vulgaris, Zi//vi., 198.

Lythrum Hyssopifolia, Unn., 158.
Saliearia, Linn., 158.

Matro/ainia, iJ/i^., anatomy, 445

Deiiisonii, K MueJl., anatomy,

449, 450, 451, 453.

ilacrozamia Fraseri, Miq., anatomy,

446; mentioned, 451, 452, 543, 456,

spiralis, Miq., 453.

Madagascar, Freshwater Algte of

(West), 41-90.

Magnus, P., his Najas material at

Berlin, 437; his work on Kajas

cited, 379, 380, 385 ; on flower

of Najas, 382, 383, 384.

Maianthemum bifolium, DC, 212.

Maine, Desmids from, 229.

Malabaila Hacquetii, Tcmscli, 166.

Malachium aquaticum, FHes, 142.

manticum, Beichh., 142.

var. quaternellum, J. Ball*,

142.

Malaxis raonophyllos, Sw., 210.

Malva Alcea, LAnn., 144.

borealis, Wallm., 144.

moschata, Linn., 144.

sylvestris, Linn., 144.

vulgaris. Fries, 144.

Marrubium candidissimum,Z«iw.,198

vulgare, Linn., 196.

Maslen, A. J., on Structure of

Lepidostrobus, 357-377
; previous

work on fossil plants cited, 360.
Matricaria Chamomilla, Linn., 172.

Matthiola varia, DC, 130.

Medicago carstiensis, Jacq., 148.

falcata, Linn., 148.

varr., 148.

Gerardi, WaUst. Sf Kit., 148.

giomerata, Balb., 148.

laeiniata, All., 148.

lappaeca, Lam., 148.

lupulina, Linn., 148.

maculata, Linn., 148,

marginafa, Willd., 148.

minima, Lam., 148.

var. brachycodon, Reichh.,

148.

orbicularis. All., 148.

var., 148.

Piron®, Vis., 148.

procumhens, Bess., 148.

Medullosa anglica, D. H. Scott, 454
457.

stellata, Cotta, 457.

var. gigantea, 0. Weher ^
Sterzel, 457.

Meditlloseje, structure, 454; men-
tioned, 318.

'Modway' collection of plankton,

324, 340/1
; plankton collected

during voyage of, 321, S24, 340.

Mclampyrum arvense, Zm?t., 1^4: -
*

cristatum, Linn., 194,

nemorosum, Linn., 194.

pratense, Linn., 194.

sylvaticum, Linn., 194,

Melandrium pratense, Boehl., 140.

sylvestre, Boehl., 140.

Melica eiliata, Linn., 222.

nutans, Linn., 222.

uniflora, Linn., 222.

Melilotus alba, Desr., 148. ' ?

caerulea, Desr., 148. ^

dentata, Pers., 148,

macrorhiza, Pers., 148,

officinalis, Desr., 148.

Melissa officinalis, Linn., 196.

Melittis mehssophyllum, Linn., 196.

Mentha aquatica, Linn., 194,

arvensis, Linn., 194.

var., 194.

gentilis, Linn., 194.

rotundifolia, Linn., 194.

sylvestris, Linn., 194.

viridis, Linn., 194.

Menyanthes trifoliata, Linn., 186.'
'

Menziesia cajrulea, Sw., 186.

Mercurialis annua, Linn., 204.

ovata, Sternh. Sr Hoppe, 204.

perennis, Linn., 204.

Merismopedia violaeea, Kuetz., 85.

Meristem of iVymiAseaceje, 293,

Mesarch, Solms-Laubach's term
defined, 305,

Mespilus gerraanica, Linn., 156.

Mettenius, G. H., his work on Cycads,

445.

Meum adonidifolium, J, Gay, 164,

athamanticum, Jacq., 164.

Mutellina, Gaertn., 164.

var., 164.

Micholi, P. A., his figures of Najas, 379.
Micrasterias, Agh., 48, 238.

abrupt a, West,S)' West/.*, 241.
arcuata, Bail., 238.

var. gracilis, West 4'

West/.*, 238.

apiculata, Menegh., 240.

subsp. fimbriata, Nordst.,

var. spinosa, Biss., 240.

var. WoUei, West
<J-

Westf.*,2A0.

conferta, Lund., 241.

var. hamata, Wolle, 241,

Crux-Melitensis, Balfs, 48.

var. evoluta, W. B. Turn.,

48.
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Micrasterias depauperata. Nordst.,

238.

var. Kitchelii, West 4'

Westf.'^, 239.

dicliotoma, Wolle, 239.

falcata, Corda, 82.

fimbriata, iirt?/s, mentioned, 240.

furcata, lialfs, 239.

var. decurta, W. B, Turn.,

239.

var. simplex, Wolle, 239.

KitcMii, Wolle, 239.

mahabuleshwarensis, I{ohson,48.

var. tetracerum, West Sf

Westf*,4S>.

muricata. Bail., 239.

var, tumida. West iSf

TFesi/.*, 240.

Nordstedtiana, Wolh, 239.

pinnatifida, Balfs, 48.

var. incudiformis, West

6f Westf*A^-
pinnatifida, Rolfs, 238.

var. expansn, W. B. Turn.,

238.

var. inflata, Wolle, 238.

\av. quadrata^ . B. Turn.,

238.

pseudoftircata, Wolle, 239.

radiosa, Balfs, 240.

var. oruata, Nordst., 240.

var. Swainii, West 4'

West f*, 240.

speciosa, Wolle, 240.

Swainii, Hastings, 240.

tetras, Ehrenb., 81.

Thomasiana, Arck., 241.

fruncata, Wolle, 241.

Micromeria graoca, Benth., 196.

Micropus erectus, Linn., 170.

Milium effusum, Linn., 220.

Milner, Capt. W. Haultain, plankton

collected by, 321, 322, 337, 338,

338/1,340/1, 340/2, 340/3, 340/4.

Mimulus, Linn., mentioned, 344.

Miocene, acicularia found in, 9.

Miquel, F. A. W., bis work on

Encephalartos, 445.

Mistletoe, distribution of its seeds,

97.

Mcehringia dasyphylla, Bntno, 142.—- var., 142.

glaucovirens, Be/t.. 1 tl'.

muscosa, Linn., 142.

var., 142.

papulosa, Bert., 142.

Mcehringia polygonoides, .Vtrt. cj-

KocJi, 142.

, var,, 142.

sedifolia, Willd., 142.

sphcPToides, Ileichb., 142.

spJiagnoides, Eroel., 142.

Thomasiana, J. Gay, 142.

trinervia, Clairv., 142.

Mohl, H. von, author of term 'Trans-

fusion tissue,' 302 ; description of

Palm roots, 276 ; his work on

Encephalartos, 445, 448.

Molinia carulea, Moench, 224.

Molopospermum cicutarium, DC,
166.

Monograph of the Acetabulariae

(Solms-Laubach), 1-39.

Monostelic genera of Cycads, 454.

Monotropa Hyjwpitys, Linn., 186,

Montia fontana, Linn., 158.

Montini, G., of Bossorno, Alpine

plants, 120, note.

Morong, T,, on Xorth-American

species of Najas, {J80.

Morphology of jS"ajas, 380 ; of

Jfymphajaceae (Gwynne-Vaughan),

287-299.

Mulgedium alpinum, Linn., 180.

Munier-Chalmas, detection of the

vegetable nature of Acicularia, 9.

Murray, G. R. M., «&.V. H. Black-

man, Peridiniacese collected by,

321.

Murray, G. E. M., & F. G. Whitting,

new Peridiniaceae from the Atlan-

tic, 321-342.

Muscari botryoides. Mill., 214.

comosum. Mill., 214.

racemosum. Mill., 214.

Myagrum perfoliatum, Linn., 136.

Myosotis alpestris, Schmidt, 190.

caespitosa, SchuU., 190.

hispida, ScJdecht., 190.

intermedia, Link, 190.

palustris. With., 190.

striata, Link, 190.

sylvatica, Eoffm., 190.

var., 190.

versicolor, Pers., 190.

Myricaria germanica, Besv., 158.

Myriophyllum spicatum, Linn., 158.

vertillieatum, Linn., 158.

Myrrhis Odorata, Scop., 166.

Myrtus communis, Linn., 158.

Naias, see Najas.

Najas, Linn., List of species and

varieties, 428 ; revision of genua

(Rendle), 379-436; systematic

account, 388-430 ; Supplementary

Notes, 437-444.

affinis, Rendle *, 440.

alar/nensis, Paglia, 411.

alagnensis. Poll., 424.

ancistrocarpa, A. Br., 403; dis-

tribution, 357.

angustifoHa, A. Br., 394, 395.

arguta, //. B. K., 410; dis-

tribution, 387 ; suppl. notes,

442.

var. conferta, A. Br., 409.

var. tevera, A. Br., 410.

australis, Bonj, 421 ; distribu-

tion, 387.

brevistyla, Rendle *, 418 ; dis-

tribution, 387.

Browniana, Rendle *, 420
; dis-

tribution, 387.

canadensis, Michx., 403.

conferta, A.Br., 408, 409 ; dis-

tribution, 387 ; suppl. notes,

441.

dichotoma, lloxb., 411.

effugita, Heer t, 444.

falciculata, A. Br., 417 ; dis-

tribution, 387.

jlexilis, Griseb., 406, 408.

tiexilis, Rosth. 4- Schmidt, 403-

405; distribution, 380, 382,

384, 385, 386, 387; men-

tioned, 444 : supi^l. notes,

441.

var. fnsifoiinis, Chapm.,

406.

var. gnadelnpensis. A. Br.,

406.

var. microcarpa, NiUs.,

404.

\a.r. jninctata, A. Br., 407.

var. robusta, Moronij, 404;

suppl. notes, 441.

flvvialis, Thuill., 389, 392.

fluviatilis, Poir., 389.

foveolata, A. Br., 385, 416 ;

distribution. 387; mentioned.

415, 416, 418, 421; suppl.

notes, 443.

fn'iiUi^, Bel, 411.

fructu monosperma. Hall, 390.

fucoides, Griff., 389.

gtnuina, E. Schum., 394.
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Najae gracillima, Magn., 414 ; dis-

tribution, 387.

graminea, Del., 384, 385, 424 ;

distribution, 387 ; mentioned,

401, 411 ; margin of leaf,

381 ; suppl. notes, 443.

var. angustifolia, Rendle *,

427,

var. Delilei, Magn., 424,

425.

var. minor, Eendle *, 427.

var. tenaifolia, A. Er.,

419.

var. vulgata, Magn., 424.

graminea, llostk., 403.

guadelupensis. Moron g, 406.

heteromorpha, GrifF., 411, 413.

horrida, li. Br., 422 ; cortex,

382; distribution, 387; suppl.

notes, 443.

indica, Cham., 382, 383, 399
;

distribution, 387 ; mentioned,

428 ; sheath of, 381.

var. gracillima, A. Br.,

414.

indica, Giiff., 399.

indica, Zoll., 416.

intermedia, Gorski, 395.

internipta. A'. Schum., 423

;

distribution, 387.

Kingii, Iiev4le *, 415 ; dis-

tribution, 387 ; suppl. notes,

442.

Kurziana, Rendle*, 413; dis-

tribution, 387.

lacerata, Rendle*, 384, 416;
distribution, 387 ; spines on

leaf of, 381.

latifoUa, A. Br., 396.

latitolia, A. Br., 395.

Leichhnrdtii, Magn., 420 ; dis-

tribution, 387.

lohata, Blanco, 427.

madagascariensis, Rendle *,402;

distribution, 387; suppl. notes,

4-10.

major. All., 380, 389, 397.

var. Icevis, DC, 389,

392.

var. multidentata. A, Br.,

389.

var. paiicidentata, A. Br.,

389.

var. spinulosa, DC, 389,

392, 393.

major, Roth, 208,

Najas marina, Linn., 379, 384, 389-

398; cortex, 384; distribution,

386, 387 ; fossil species doubt-

fully referable to, 444; margin

of leaf, 381 ; suppl. notes,

437.

var. americana, Rendle*, 386

(lapsu= recurvata).

angustifolia, A. Br., 395

;

distribution, 386; suppl.

notes, 439 ; mentioned,

392,394.

angustissima, K. Sebum.,

397.

BolUi, K. Schum., 396.

brachycarpa, Trautv., 439.

brevifolia, Rendle *, 396.

californica, Rendle*, 398.

denticulata, Rendle *, 438.

Ebrenbergii, A. Br., 394
;

distribution, 386 ; men-

tioned, 439.

genuina, K. Schum., 395,

gracilis, Morong, 397.

grossedentata, Rendle *,

396.

intermedia, A. Br., 393,

395; distribution, 386;

mentioned, 395, 439

;

suppl. notes, 439.

latifolia. A. Br., 396.

laiior, F. MiicU., 389.

mexicana, Rendle*, 398.

microcarpa, A. Br., 396.

muricata, A. Br., 397

;

suppl. notes, 440.

muricata, Hartm., 389.

recurvata, Dudley, 393.

Riedclii, K. Schum., 394,

y, 393 ; mentioned, 394.

Zollingeri, Rendle *, 438.

n, 391 ; suppl. notes, 437.

p, 392; mentioned, 394;

Buppl. notes, 438.

y, 393; mentioned, 394;

suppl, notes, 438.

marina, Linn., partim, 411.

maritima, Pall., 395.

mexicana, Rendle*, 398.

microcarpa, A. Br., 395.

microcarpa, K. Schum., 408

;

distribution, 387.

microdon, A. Br., 385, 405

;

mentioned, 408 ; suppl.

notes, 441 ; distribution, 387,

405.

Najas microdon, var. curassavica,

A. Br., 407.

var. guadelupensis, A. Br.,

405.

microphylla, lleichb., 427.

minor, All, 208, 379, 380, 385,

410-413; distribution, 386,

387; referred to, 414, 417,

444 ; suppl. notes, 442.

var. indica, A. Br., 399,

4^1.

var. intermedia, Ces., 411.

setacea, A. Br., 422.

var. spinosa, Rendle *,

413.

-—- var. tenuissima, A. Br.,

386, 414.

monosperma, Willd., 390, 392.

muricata, A. Br., 397..

muricata, Del., 397.

muricata, Thuill., 390, 392,

393.

ohvoluta, Blanco, 427.

lialustris, Blanco, 427 ; men-

tioned, 428.

pectinata, Magn., 422.

pluvialis, K. Schum., 390.

podostemon, Magn., 384, 405,

429 ; distribution, 387.

polonica, Zalew., 390.

punctata, Rendle *, 407 ; dis-

tribution, 387.

rigida, GrifF., 428.

Schweinfurthii, Magnus, 400

;

distribution, 387.

seminuda, Griff., 424.

.<ierristipula, Maxim., 424.

setacea, Rendle *, 422 ; dis-

tribution, 387 ; suppl. notes,

443.

spinosa, Buch.-Ham., 390, 392.

sp. Magnus, 401.

striata, Heer f, 444.

stylosa, Jfeerf, 444.

subulata, Thuill., 411

tenera, Schrad., 410.

tenuifolia, Ascbers., 380; suppl.

notes, 424, 443,

tenuifolia, R. Br., 419 ; dis-

tribution, 387 ; mentioned,

420, 421,

tenuifolia, Naves & F, Villar,

428.

tenuis, A, Br., 399,

tenuissima, A. Br., 385, 414
;

distribution, 387.
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Najas ternata, Roxb., 4il.

tetrasj)erma, Willd., 390.

vcdisnerioides, Griff., 424.

Welwitschii, liendle, 401 ; dis-

tiibution,387; mentioned,440.

Wrightiana, A. Br., 408 ; dis-

tribution, 387; mentioned,410.

var. lata, A. Br., 409.

Narcissus incomparabilis, Mill., 212.

poeticus, Linn., 212.

Pseudo-Narcissus, Linn., 212.

Nardurus Poa, Boiss., 226.

unilateralis, Boiss., 226.

Nardus stricta, Linn., 226.

Nasturtium amphibium, li. Br., 132.

lippizense, 2i. Br., 132.

officinale, B. Br., 130.

palustre, DC, 132.

pyreBaicura, B. Br., 132.

sylvestre, B. Br., 132.

Natal, Loranthus fertilization in, 95.

Natural History Museum, fossil

plants in, 371 ; researches on

Lepidostrobus at (Maslen), 375.

Natural Orders in Alpine Flora, 123;

proportions, 124.

Nectarinia, fertilizing Loranthus, 92,

94.

Nectar, secreted by Loranthus, 93.

Negative heliotropism of Loranthus

s^eedlings, 104, 108.

Nelumbium, Jvss.,leai of, 288; roots,

294 ; intrafoliar scale, 289.

Nelumbiura speciosum, WiUd., 291,

294 ; seedlings, 293 ; roots, 295.

Neomeris, Lamour., 17, 18; men-

tioned, 3.

anmdata, Dickie, mentioned, 24.

dumetosa, Lamour., mentioned,

28.

Neottia Nidus-avis, Bich., 210.

Nepenthes, Linn., pitchers of, 287.

Nepeta Cataria, Linn., 196.

Nepetella, Linn., 196.

nuda, imn., 196.

Nephrolepis, Sehott, stele in, 279.

Nerium Oleander, Linn., 186.

Neslia paniculata, Desv., 136.

Newton, K. B., fossil plants in charge

of, 375.

Nigella arvensis, Linn., 130.

damascena, Linn., 130.

Nigritella angusti folia, Bich., 210.

var. fl. roseo, Pari, 210.

suaveolens, Koch, 210.

NoBggerathia, Sternb., 318.

North-American Desmidieie (West),

229-274.

Notothixos floccosus, Oliver, 99, 104,

113; fruit, 116.

Nuda; §, Najas, 424 ; suppl. notes,

443.

Nuphar, Sibth. 4" Sm., embryonic leaf,

290 ; roots, 294.

advena, Ait., roots, 295.

luteum, Sibth. ^ Sm., 130, 294 ;

roots, 295.

Nyman, F. C, on Alpine Flora, 120,

note.

Nymphoea, Tourn., bundles in, 292,

298 ; roots, 294, 295.

alba, Linn., 130, 291 ;
roots,

295 ; stele, 295, 298.

blanda, G. F. W. Mey., 291
;

stele, 295.

delicatissima, hort., leaf, 289.

flava, Leitn., 290 ; stele, 294
;

stolons, 296, 297, 298.

gracilis, Zucc, 289.

Lotus, Linn., 289.

pygmaea, Dryand., 290.

stellata, Willd., 290.

tubcrosa, Paine, 290 ; apical

cone, 293 ; roots, 295 ; stele,

295, 298 ; tubers, 296, 297.

zanzibariensis. Cusp., 289 ; seed-

ling, 293.

Nymphffiaceae, Morphology and Ana-

tomy (Gwynne - Vaughan), 287-

299.

Odontella Desmidinm, Ehrenb., 233.

ffiooGONiACE^ from Lake Alastra, 41.

(Edogonium, LinTc, 4 spp. from Mada-

gascar, 42.

(Enanthe crocata, Unn., 164.

fistulosa, Linn., 162.

Phellandrium, Linn., 162.

pimpinelloides, Linn., 162.

(Enothera biennis, Linn., 1 58.

Omphalodes verna, Moench, 188.

Onobrychis arenaria, DC, 150.

Caput-galli, Lam., 150.

sativa, lAnn., 150.

Ononis cenisea, Linn., 148.

Columnae, AU., 148.

hircina, Jacq., 148.

minutissima, Linn., 148.

Natrix, Lam., 148.

reclinata, Linn., 148.

repens, Linn., 148.

rotundi folia, Linn., 148.

Ononis spinosa, Linn., 148.

var., 148.

striata, Gouan, 148.

Onopordon Acanthium, Linn., 176.

Ouosma echioides, Linn., 188.

stellulatura, W(dds(. ^ Kit., 188.

Onychonema, G. C Wall., 232.

filiformc. Boy 4* -Si**-? men-

tioned, 232.

Iffive, Nordst., 2:12,

var. latum, West i^- West/.*,

232.

var.micracanthura,iVorf/«/.,

232.

Oocystis crassa, Wittr., 82.

elliptica, West, 82,

forma minor, West, 82.

solitaria, Wittr., 82.

Ophiocytium cochleare, Naeg., 82.

Ophioglossum, Tourn., abnormal roots

of, 281.

Ophrys apifera, Ihids., 210.

Arachnites, Beich., 210.

aranifera, Ihids., 210.

Bertolonii, Moretti, 210.

muscifera, Huds., 210.

Orchis coriophora, Linn., 208.

fusca, Jacq., 208.

globosa, Linn., 208.

incarnata, Linn., 210.

latit'olia, Linn., 208.

varr., 210.

laxiflora. Lam., 208.

maculata, TJnn., 208.

mascula, Linn., 208.

niilitaris, Linn., 208,

Morio, Linn., 208.

pollens, Linn., 208.

provincialis, Balb., 208.

rubra, Jacq., 208.

sambucina, Linn., 208.

Simia, Linn., 208.

Spitzelii, Saut., 208.

Traiinsteineri, Saut., 210.

ustulata, Linn., 208.

variegata. All., 208.

Orders, Natural, in Alpine Flora

(Ball), 123 ;
proportions, 124.

Origanum vulgare, Linn., 196.

Origin of Alpine Flora (Ball), 125.

Orioporclla, Mun.-Chalm.f, 2.

Orlava granditlora, lloffm., 166.

platycarpo?, Koch, 106.

Omithocercns, Steiti, 332, 333.

splendens, Schuett, 332.

splendidus, Stein, 332,
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Ornithogalum narbonense, Linn.,

212.

nutans, Linn., 212.

pyrenaicura, Linn., 212.

umbellatiim, Linn., 212.

Orobanche amethystea, Thuill., 19-1.

crucnta, Bert., 192.

Epithymum, DC, 192.

Galii, Duhy, 192.

loricata, Reichh., 192.

minor, >S^r<?:<., 194,

Picridis, F. W. Schultz, 192.

Eapum, Thuill., 192.

rubens, T^a^Zr., 192.

Orobus albus, Linn. /., 152.

eanescens, Linn. /,, 152.

r/7'acilis, Gaudin, 152.

luteus, Linn., 152.

niger, Linn., 152.

temdfolins, Rotb, 152,

tubcrosus, Linn., 152.

var., 152.

variegatus, Ten., 152.

variua, Soland., 152.

vernus, Linn., 152.
'

var., 152.

vieioides, DC, 152.
j

Ortegia dichotoma, Linn., 158.

Oscillaria, Bosc, 85, note.

Oscillariacese from Lake Alastra, 41. I

Oscillatoria, Vauch., its priority over :

Oscillaria, Bosc (Bennett), 85.

Ostrea digitalina, Montp.f, men-
\

tioned, 35.
I

Ostrya carpinifolia, Scop., 204.

Osyris alba, Linn., 204.

Oxalis Acetosella, Ijinn., 146.

corniciilata, Linn., 146.

Oxyria digyna, Campd.^ 202. I

Oxytoxum, Stein, 328.
'

constrictum. Stein, 328, 337,

Scliuett, 338/1, 339, 340,

340/1, 340/2, 340/3, 340/4.

diploconus, Stein, 328, 338/1,

340/1, 340/2, 340/3.

Gladiolus, Stein, 328, 340/2.
' :Nrilneri, Miirr. Sf WUtt*, 328,

337, 338, 338/1 , 340/1, 240/2,

340/3, 340/4.

reticulatum, Schueit, 337, 338,

338/1, 340/1, 340/2, 340/3,

340/4.

Sceptrum, Schueit, 340/4.

Scolopax, Stein, 328, 337. 33«.

338/1,339, 340, 340/1, 34n 1'.

340/3, 340/4.

Oxytoxum sphaeroideum, Stein, 340/3,

340/4.

tesellatum, Schuett, 328, 340/1,

340/2, 340/3, 340/4.

Oxytropis, DC, in the Alps, 121

.

campestris, DC, 150.

foetida, DC, 150.

Gaudini, Bunge, 150.

Halleri, Bunge, 150.

lapponica, Gaudin, 150.

mentana, DC, 150.

pilosa, DC, 150.

Pachyglossa vineens (Legge), bird

peculiar to Ceylon, 97.

Paddy-bird of Ceylon, 97.

I

Pads of sclerenchyma in Lepidostro-

' bus, 375.

Pa^derota Ageria, Linn., 192.

Bonarota, Linn., 192.

Pjeonia corallina, lietz., 130.

officinalis, Betz., 130.

var., 130.

peregrina, Mill., 130.

Paliurus aculeatus, I^im., 146.

Pallenis spinosa, Cass., 170.

Palms, polystelic roots of (Cormack),

275.

Pandanus, roots of, 277.

Panicum ciliare, Retz., 220.

Crus-galli, Linn,, 220.

glabrum, Gaudin, 220.

sanguinale, TJnn., 220.

var., 220,

undulati folium, Ard., 220.

Papaver alpinum, Crantz, 130.

var., 130.

Argemone, Linn., 130.

dubium, Linn., 130.

hybridum, LAnn., 130.

pyrenaicum, Willd., 130,

Rhoeas, Linn., 130.

' Para,' R.M.S., plankton collected

during voyages, 321, 324, 338,

338/1.

Paradisia Liliastrum, Bert., 212.

Paraschuettia, Murr. Sf Whitt.*, a

new §, 332.

Parasite-bird of Ceylon, 97, 98.

Parichnos, Bertrand's term defined,

309.

Parietaria diffusa, Mert. & Koch,
204.

erecta, Merf. cj- Koch. 2(»4.

var.. 204.

Paris, herbaria visited for Najas

material, 437.

Paris quadrifolia, Linn., 212. ^^'

Parlatore, F., on Alpine Flora, 120,

note.

Parnassia palustris, Linn., 138.

Paronychia capitata, Lam., 158.

var., 158,

polygonifolia,'7?C., 158.

;

serpyllifolia, DC, 158.

I

Parrot feeding on peas, 97.

;

Passerina annua, Wiclstr., 202.

I

Pastinaoa opaca, Bernh., 164.

I

sativa, Linn., 164.

I

var., 164.

j

Peeten Gloria-maris, Montp.-f, men-
' tioned, 35.

I

Pediastre^ from Lake Alastra, 41.

Pediastrum, Meyeii, 80.

constrictum, Hass., 80.

duplex, Meyen, 81.

var. clothratum, A. Br.,

81.

var, asperum, A. Br,, 81,

enoplon. West Sf West/.*, 81.

pertusum, Kuetz., 81,

tetras, Ealfs, 81.

Pedicularis, Toum., in the Alps,

121.

acaulis, Widf., 194.

asplenifolia, Haerke, 194.

atrorubens, Schleich,, 194.

Barrelieri, Reichh,, 194.

comosa, lAnn,, 194.

fasciculata, BeJl, 194.

foliosa, Linn., 194.

var., 194.

gyroflexa, Vill., 194.

Hacquetii, Graf, 194,

incarnata, Jacq., 194.

Jacquini, Koch, 194.

palustris, Linn., 194.

Portenschlagii, Sa\a., 194.

recubita, Linn., 194.

rosea, lAnn., 194,

rostrata, Linn., 194.

var.. 194.

swnana, Poll., 194.

sylvatica, lAnn,, 194.

tuberosa, Linn., 194.

var., 194.

versicolor, Wahlenb., 194.

verticillata, Linn., 194.

Penium, Breh., 47, 237.

annulare. West, 237.

au5itrale, Racih., mentioned, 71.
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Penium curtiim, Breb., 47.

forma intermedia, WiUe,

47.

delicatulum, JosJi., 47.

var. minor, West ^'

West/*, 47.

inconspicuum, West, 237.

minutissimum, JS^ordst., 47.

mimitum, Cleve, 237.

spp. from Madagascar, 47.

Peplis Portula, Linn., 158.

PERiDTNiACP:iE from the Atlantic

(Murray & Whitting), 321-342.

Peridinium, Ehrenb., 320.

Elackmani, Murr. ^ .Whitt.*,

327, 338, 338/1,340/2, 340/4.

divergens, Ehrenb., 337, 338,

338/1,339, 340, 340/1, 340/2,

340/3, 340/4 ; abundance and

scarcity of, 326.

Doma, Mnrr. 4' Whitt.*, 327,

340/3.

(ilobulus, Stein, 326, 337, 338,

338/1, 339, 340, 340/1, 340/2,

340/3, 340/4 ; mentioned,

328.

Hindmarchii, Murr. c|- WJiitt.*,

326, 338/1, 340/1, 340/2,

340/3, 340/4.

leiorhynchum, Murr. 4" Whitt.*,

326, 340/3, 340/4.

Michaelis, Ehrenb.. 326, 337,

338, 338/1, 339, 340/1, 340/2.

340/3, 340/4.

Milneri, Murr. 4' Whitt.*, 327,

340/3.

roticulatum, Murr. 4' Whitt.,

340/3, 340/4.

sphicricum, Mim\ ^ Whitt.*,

328, 339, 340, 340/2, 340/3,

340/4.

spiuulosura, Murr. 4' ^V^i'itt.^,

328, 340/2, 340/3, 340/4.

Tripos, Murr. 4" Whitt.*, 327,

340/3, 340/4.

trirostre, 21urr. cj- Whitt.*, 327,

338/1.

tristvlura, Stcin,326, 337, 338/1,

339, 340/1, 340/3.

vexans, Murr. 4' Whitt.-, 327,

340/4.

Perixylic, "Van Trighem's term ox-

plained, 306.

Petasites albus, Gaertn., 170.

niveus, Baumg., 170.

officinalis, Mocnch, 170.

Petrocallis pyrenaica, R. Br., 134.

Peucedanum austriacum, Koch,

164.

Ccrvaria, Lapeijr., 164.

Chabrsei, lieivhb., 164.

officinale, Linn., 164.

Onoselinum, Moench, 164.

rablense, Koch, 164.

Schottii, Be.s-s., 164.

venetum, Koch, 164.

Phaca alpina, Jacq., 150.

astragalina, DC, 150.

australis, Linn., 150.

frigida, Linn., 150.

Phagnalon sordidum, Reichb., 170.

Phalacroma, Stein, 330.

Elackmani, Murr. 4 Whitt.*,

330, 337, 338/1, 340, 340/1,

340/2, 340/3, 340/4.

cuneus, Schuett, 330, 339.

dolichopterygiam, Murr. 4'

Whitt.*, 330, 340, 340/2,

340/3.

doryphorum, Stein, 330, 337,

338, 338/1, 339, 340, 340/1,

340/2, 340/3, 340/4.

Globulus, Schuett, 330, 338/1.

Hindmarchii, Murr. 4' ^^hitt.*,

.330, 338/1, 339, 340/1 ,340/2,

340/3, 340/4.

Jourdani, Schuett, 330, 338/1.

Mitra, Schuett, 330, 337, 338/1,

339, 340/1, 340/2, 340/3,

340/4.

operculatum. Stein, 330, 337,

338, 338/1, 339, 340, 340/1,

340/2, 340/3, 340/4.

porodichyum, ^^an, 330, 338/1.

lludgei, 'Murr. 4' Whitt.*, 331.

339.

Phalaris arundinacea, Linn., 220.

Phelipjsa cueralea, C. A. Mey., 194.

ramosa, 0. A. Mey., 194.

Philadelphus coronarius, IJnu., 1-'^.

Phillips, Mrs. Lort, plants from

Somali-Land, ?A3, .345.

Phillyrea media, Ln,„.. 1^6.

Phleum alpinum, L'tn,<.. 22(».

asperum, ViU., 220.

]]()ehmeri, Wihtl, 220.

eeliinatam. Host, 220.

:Hichelii, AIL, 220.

pratense, Linn., 220.

tenue, Schrad., 220.

Phloem transfusion tissue, 317.

Phloeoterma in Najas, 381.

SECOND SERIES.—BOTANY, VOL. V.

Phocnicanthemum §, in Ceylon, 1 13.

Phoenix, Linn., roots of, 276.

dactylifera, Linn., roots of,

280.

sylvestris, Ro.vh., roots of, 280.

Phragraites communis, 2Vin., 222.

Phycastrum glahrum, Kuetz., 255.

Phycophacus Horologiura, Stein,

340/3, 340/4.

Phymatodocis, Nordst., 230.

Nordstedtiana, Wolle, 230.

var. novizelandica, Nordst.,

230.

Physalis Alkekengi, Linn., 190.

Physospermura a(iuilegifolium, Koch,

164.

Phyteuma Balbisii, A. DC, 184.

Charmelii, VilL, 184.

comosum, Linn., 184.

fllobularia'foUum, Hoppe, 184,

Halleri, All., 184.

hemisphaericura, Z/?"«n., 184,

humile, Schleich., 184.

Michelii, Bert., 184.

nigrum, F. W. Schmidt, 184,

orbiculare, Linn., 184.

pauciflorum, Linn., 184.

var., 184.

Scheuchzeri, All., 184.

var., 184.

Sieberi, Spreng, 184.

spicatum, Linn., 184.

Phytolacca dccandra, Linn., 200.

Phyto-plankton, collected during

voyages, 321.

Picea, Linlc, transfusion tissue in,

304.

Picridium vulgare, De^f., 180.

Picris hieracioides, Linn., 178.

var., 178.

pauciHora, WiU'L. 1 78,

stricta, Jord., 178.

Pimpinella alpina. Host, 162.

magna, Linn., 162.

nigra, AVilld., 162.

Saxifraga, Linn., 162.

var,, 162,

Pinardia coronaria. A'^>-., 171.

Pinguieula, Tour,>.. ni.iitiniied, 31;').

344.

alpina, Linn., 198.

grandiflora, Linn., 198.

vulgaris, Linn., 198.

Pinus, Tourn., transfusion tissue in,

304.

Cembra, Linn., 206.

4d
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Pinus ifiighus, Scop., 206.

nigricans, Host, 206.

Thunbergii, Pari., 315.

sylvestris, Linn., 206 ; trans-

fusiou tissue of, 303, 314.

Pinaster, Soland., 315.

Piper nigrum, Linn., hydathodes of,

347.

Piptatherum multifiorum, Beauv.,

220.

paradoxura, Beauv., 220.

Pirona, G. A., on Alpine plants, 120,

note.

Piataeia Terebinthus, Linn., 146.

Pith of Encephalartos caffer, 448.

Plagius virgatus, DC, 172.

Plantago, Tourn., mentioned, 343,

344.

alpina, Linn., 200.

altissima, Linn,, 200.

arenaria, Waldst. ^ Kit., 200.

argentea, Chaix, 200.

Coronopus, Linn., 200.

Cynops, Linn., 200.

fuscescens, Jord., 200.

Lagopus, Linn., 200.

lanceolata, Linn., 200.

var., 200.

major, Linn., 200.

media, TAnn., 200.

montana, Lam., 200.

serpentina, Lam., 200.

Platanthera bi folia, Rich., 210.

chlorantha, Oust., 210.

Pleiojihysa, Sond., identical with

Halicoryne, 2.

spicuta, 8ond., 12, 32.

Pleurogyue carinthiaca, Griseh., 186.

Pleurospermum austriacum, Hoffm.,
166.

Pleurota-nium, Nfpg., 44, 2-34.

annulatum. West, mentioned,

234.

baculiforme, WeM .Sf West f., 46.

basiundaturo, We^t 6f West /.*,

4o; mentioned, 234.

constrictum, /v/*/, ,/,.. i>:U.

egregium, WeM ,j ir^^j r*^

236.

Ehrenbergii, Be Banj, 45.

firmura, West Sf West/.*, 45.

hypocyraatiura, West S^Westf.*,
234.

ligatum. IIW 4- (Tesi/.*^ 44.

moniliferum, West df West /".*,

44 ; mentioned, 45.

I

PleurotgBnium nodosum, Lund., 234.

I
orientale, We^t Sf West/.*, 45.

parallelum, West 8f West /.*,

45, 235.

quantillum, Wejt ^ ITesi/.*,

45.

Sceptrum, West 6f West /.*,

235.

var. capitatum, West *,

235.

subcoronulatum, West 6f West

/.*, 44, 235.

var. detum, West Sf

West/.*, 235.

tessellatum, Lagerh., 235.

tridentuhim, West, 235.

var. capitatum, "West, 235.

trochiseum, West Sf West /.*,

235.

truncatulum, West ^ West /.*,

46.

verrucosum, WoUe, 235.

Plukenet's species of Najas, 379.

Pneumatodes, Jost's term, 283.

Pneuinatophores, their function, 283 ;

in Palms, 283.

Poa alpina, Linn., 2'2\.

var., 224.

angustifolia, Linn., 224.

annua, Linn., 222.

var., 222.

badensis, Haeiike, 224.

bulbosa, Linn., 224.

cassia, Sm., 224.

cenisia, All., 224.

compressa, Linn., 224.

concinna, Gaudin, 224,

dura. Scop., 222.

fertilis, Bn.it, 224.

hybrida, Gaudin, 224.

laxa, Ilaenle, 222.

var. flarescens, KocJi, 222.

var. pauciflora, Pari., 222.

minor, Gaudin, 224.

nemoralis, Linn., 224.

pratensis, Linn., 224.

var. anoeps, Koch, 224.

var.. 224.

pumiln, J/ost, 224.

sudetica, Haenlce, 224.

sttpina, Schrad., 222.

trivial is, Linn., 222.

I'odocarpiis, L'//rrit., transfusion

tissue in, ;JU2, .'>04.

alpina, 11. Br., 311.

chilina, Ricli., 310, 311.

Podocarpus Nageia, E. Br., 305.

Totara, G. Benn., 311.

Podolampas, Stein, 328.

bipes. Stein, 328, 337, 338,

338/1,339,340,340/1,340/2,

340/3, 340/4.

palmipes, Stein, 328, 337, 338/1,

339, 340, 340/1, 340/2,

340/3, 340/4.

Podospermura laciniatum, DC., 180.'

Polemonium creruleura, Linn., 188.

Polycarpon tetraphyllura, Linn., 158.

Polycnemum arvonse, Linn., 200.

Polyedrium minim'im, A. Br., 84.

tetraedricum, Naeg., 84.

ttimiduhim, Reiusch, 84.

Polygala amara, Linn., 138.

var., 138.

anstriaca, Eeichb., 138.

calcarea, Schultz, 138.

Chamaebuxus, Linn., 138.

comosa, Sclik., 138.

depressa, Wender., 138.

Morisiana, Reichb., 138.

nicaeensis, Risso, 138.

vulgaris, Linn., 138.

Polygonum, Tourn., ovary of, 383.

alpinum, All, 202.

amphibium, Linn., 202.

aviculare, Linn., 202.

var., 202.

Bellardi, All., 202.

Bistorta, Linn., 202.

Convolvulus, Linn., 202.

dumetorum, TAnn., 202.

Hydropiper, Tjir.n., 202.

lapathifolium, Linn., 202.

minus, Huds., 202.

mite, SJiranh, 202.

Persicaria, Linn., 202.

viviparum, Linn., 202.

Poh/phj/sa, Lamour., 6 ; reduced to §,

8, 12, 27 ; mentioned, 2, 7, 8, 26.

aspergillosa, Laraonr., 6, 28.

Cliftoni, Harv., 6, 28 ; men-
tioned, 26.

spicata, Kuetz., 12, 32.

Polypogon morispeliensis, Desf., 220.

Polyrhysoides, 27.

Polystelic roots of Palms (Cormack),

275 ; structure of .Medullosa, 454.

Polystely in Nympha^ace*, 296, 298.

Populus alba, Zmu.,206.

canescens, Sm., 206.

nigra, Linn., 206.

tremula, Lina., 206.
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Porta, Eev. Pietro, Alpine plants, i

120, note.

Portulaca oleracea, Linn., 158.

Potamogeiton Jluviale Sargazo simile,

Jucens, foliis maryine dentatis,

Pluk., 379, 390.

Potamogeton augustanus, Balb., 208.

compressus, Linn., 208.

crispus, Linn., 208.

densus, Linn., 208.

var. angustifolius, Koch,

208.

jluitans. Roth, 208.

gramineus, Linn., 208.

var., 208.

lucens, Linn., 208.

marinus, Linn., 208.

natans, Linn., 208.

var., 208.

pectinatus, Linn., 208.

perfoliatus, LAnn., 208.

plantagineus, Du Croz, 208.

pusillus, Linn., 208.

rufescens, Schrad., 208.

Potentilla alba, Linn., 154.

alpestris, Ball. /., 1 54.

var., 154.

amhigua, Gaudin, 154.

Anserina, Linn., 154.

argentea, Linn., 154.

var., 154.

aurea, Linn., 154.

camonia, liota, 154.

caulesceiis, Linn., 154.

var., 154.

cinerea, Chaiv, 154.

Clusiana, Jacq., 156.

collina, Wibel, 154.

Fragariastrura, Ehrh., 154.

frigida, Vill, 154.

grammopetala, Moretti, 154.

grandiflora. Linn., 154.

var., 154,

hirta, Linn,, 154.

iuclinata, Vill, 154.

intermedia, Linn., 154.

lacinlosa, Lehm., 154.

miuiniii, HaU. f.,
154.

mnltifida, lAnn., 154.

nitida, Linn., 154.

nivea, Linn., 154.

norvegica, Linn., 154.

opaca, AIL, 154.

j)edemont(tna, Eeut., 154.

petiohdata, Gaudin, 154.

^isilla. Host, 154.

Potentilla recta, Linn., 154.

var., 154.

reptans, Linn., 154.

rupcstris, Linn., 154.

Saxifraga, J>-cZ., 154.

supina, Linn., 154.

Tormentilla, 5/6^;i., 154.

Valderia, Linn., 156.

verna, Linn,, 154.

varr., 154.

Poterium dict5'ocarpum, Spach, 156.

polj-gamura, lFr/?fi?^ <^ A'i^., 156.

Prain, D., Najas lent by, 387.

Prenanthes purpurea, Linn., 180.

var., ISO.

tenuifolia, Linn., 180.

Prickles of Victoria regia, etc., 288.

Primula, lAnn., in tbe Alps, 121.

acaulis, Jacq., 198.

AUionii, Lois., 200.

Auricula, Linn., 200; stele of,

279.

var., 200.

calycina, Dahy, 200.

carniolica, Jacq , 200.

cdiuta, Moretti, 200.

elatior, Jacq., 198.

Facchitiii, Schoit, 200.

farinosa, Linn., 198.

glutinosa, Widf., 200.

integrifolia, lAnn., 200.

latifoliii, Lapeyr., 200.

longiflora, All.,\m.

marginata, Cart., 200.

minima, fjinn., 200.

oenensis, Tliom., 200.

officinalis, Jacq., 198.

var., 200.

pedemontana, Thorn., 200.

rhaetica, Gaudin, 200.

spectabilis, TratU, 200.

suavi'olens, Bert., 200.

tyrolcnsis, Schott, 200.

venusta, ^o.s«, 200.

villosa, Jacq., 200.

var.glandulosa, Z>M&j/, 200.

var. pygratea, Ball, 200.

var., 200.

Prionochilus vincens, fertilizing

Loranthus, 97.

Protoceratium reticulatum, Clap.

Lack., mentioned, 328.

Protococcace.e, from Lake Alastra,

41.

Prumnopitys elegans, Phil., 315.

Prunella alba, Pall, 198.

Prunella grandiflora, Linn., I}<8.

hyssopifolia, Linn., 198.

vulgaris, Linn., 198.

Prunus Avium, Linn., 152.

brigantiaca, Till., 152.

Chamaeccrasus, Linn., 152.

instititia, Linn., 152.

Mahaleb, Linn., 152.

Padus, Linn., 152.

spinosa, Linn., 152.

Psilurus nardaidcs, IVui., 226.

Psoralea bituminosa, Linn., 15('.

Ptarraica atrata, DO., 172.

Clavennas, DC, 172.

Herba-rota, Z)C., 172.

macrophylla, DC, 172.

moschata, 7X7., 172.

var. /3 hybrida, Gawlin.

172.

nana, OC, 172.

oxyloba, DC, 172.

vulgaris, i)C., 172.

Pteris, LJnn., steles changed in num-

ber, 279.

Pterotheca nemausensis, Ca.<ss., 180.

Ptychodisce.c, 322.

Ptychodiscus, Stein, 322.

Noctiluca, Stein, 322, 339, 340,

340/1, 340/2, 340/3, 340/4.

var. fimbriatus, Murr. A

Whitt.*, 322.

Ptychosperma filifera, JL WenJl.,

roots of, 280.

Cunniiighamii, IL Wendl., roots

of, 280.

elegans. Plume, 280.

Ptychotis heterophylla, J\och, 162.

Pulegium vulgare, Mill., 194.

Pulmonaria aiigustifolia, Linn., 190.

var., 190.

azurea, Bess., 190.

mollis, Wolff, 190.

officinalis, Linn., 190.

Pumping method, employed for ob-

taining Pcridiniacea;, 321.

Pyrocystis bicornis, Blachn., 338/1,

340, 340/1, 340/2, 340/3, 340/4.

fusiformis, ./. Murr,, 337, 338,

338/1, 340, 340/1, 340/2,

340/3, 340/4.

Lunula, Schuetl, 337. 338/1.

339, 340,340/l.:U(ii'. 340/3,

340/4.

Noctiluca, /. Mnrr., .337, 338,

338/1,330,340, 340/1, 340/2,

340/3, 340/4.

4d2
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Pyrola chlorantha, Stv., 186.

media, Sw., 186.

minor, Linn., 186.

rotundifolia, Linn., 186.

secunda, Linn., 186.

xiniflora, Linn., 186.

Pyrus communis, Linn., 156.

Malus, Linn., 156.

Querciis appenina, Guss., 204.

Cerris, Linn,, 204.

Ilex, Linn., 204.

pedunculata, Ehrh., 204.

Pseudo-suber, Santi, 204.

pubescens, Willd., 204.

sessiliflora, ^m., 204.

var., 204.

Radiola linoides, Gmel., 144.

Kanunculus aconitifolius, Linn., 128.

acris, Linn., 129.

aduneus, Gren. ^- Godr., 128.

alpestris, Linn., 128.

anemonoides, Zahlbr., 128.

aquatilis, Linn., 128.

var., 128.

arvensis, Linn., 130,

auricomus, Linn., 128.

Bertolonii, Hausm., 128.

bulbosus, Linn., 130.

cassubiciis, Linn., 128.

divaricatus, Schrank, 128.

falcatus, IJnn., 130.

Ficaria, Linn., 128.

Flammula, Linn., 128.

fluitaus, Linn., 128.

glacialis, Linn., 128.

Gouani, Ifi/ZfZ., 128.

gramiueus, lAnn., 128.

hybridus, Biria, 128.

illyriciis, Linn., 130.

var., 130.

lacerus, £f?/, 128.

lanugiuosiis, Linn., 130.

Lingua, Linn., 128.

niontanus, Linn., 128.

,„„,..,-.,x//,v, DC, 130.

ololeticos, Lloyd, 128.

parnassifolius, Linn., 128.

parviflorus, /y(«/i., LJQ.

Philonotis, /';///•/«., 130.

polyauthemos, Linn., 128.

var., 130.

pygmious, Tra/i?e>i6., 128.

pyremeus, lAnn., 128.

reiiens, Linn., 1.30.

Ranunculus reptans, Linn., 128.

ruta^folius, Linn., 128.

var., 128.

saxatilis, Balb., 130.

Bcolcratus, Linn., 130.

Seguieri, Fi7Z., 128.

Thora, Linn., 128.

Traunfellneri, Hoppe, 128.

Yillarsii, i)(7., 128.

Rapistrum rugosum, ^??., ] 36.

Ray, J., his citations of Najas, 379.

Red colouring matter of root of

Craterostigraa, 348.

Rendle, A. B., Revision of Najas,

379-436
; suppl. notes, 437-444.

Reseda lutea, Linn., 138.

luteola, Linn,, 138.

Phyteuma, Linn., 138.

snfFruticulosa, Linn,, 138.

Reuter, F. G., on Alpine Flora, 120,

note.

Rhagadiolus stcllatus, Gaertn., 178.

Rharanus aipina, Linn., 146.

cathartica, Linn., 146.

Frangula, Linn., 146.

infectoria, Linn,, 146.

pumila, Linn., 146.

rupestris, Scop,, 146.

saxatilis, Linn,, 146.

Rhaphidium aciculare, A. Br., 82.

polymorphum, i^r^^., 82.

var. aciculare, Rahenh.,

82.

var. falcatum, Rahenh.,

82.

Rhinantbus aipina, Baumg., 194,

major, Ehrh., 194.

minor, Ehrh,, 194.

var. /3, Reichb., 194.

Rhizome of Kymphaeacea? (Gwynne-
Vaughan), 290.

Rhizophora Mangle, Linn., aerial

roots of, 283.

Rhodiola rosea, Linn., 158.

Rhododendron Chamsecistus, Linn.,

180.

ferrugincum, Lhm., 186.

hirsutum, />i/</(., 186.

Rhus Cotinus, Lian.^ 146.

Rhyncospora alba, Vahl, 216.

fusca, Ait,, 216.

Ribes alpinum, Linn., 100.

Grossularia, Linn., 160.

nigrum, Liuu., 160.

petraium, TFitZ/., 160.

pnrpureum, Rost., 160.

Ribes rubrum, Linn., 160.

Richard, L. C, on embryo of IS'ajas,

385.

RiviTLARrACE^ from Lake Alastra,

41 : from Madagascar, 84.

Robertson-Glasgow, C. P., prepara-

tions of conifers, 318.

Root of Craterostigma, 345 ; of En-
cephalartos lanuginosus, 45

L

"Root-structure " of Loranthus seeds

(Keeble), 100, 103.

Roots, adventitious, of N3'ffiph8eace»,

294 ; aerial, of Rhizophora Mangle,

283 ; of Encephalartos cafFer, 448

;

polystelic (Cormaek), 275.

" Roots " of Loranthus seedlings,

101.

Rosa aipina, Linn., 156.

agrestis, Savi, 156.

arvensis, Huds., 156.

canina, Linn., 156.

var., 156.

cinnamomea, Linn., 156,

collina, Jacq., 156.

gallica, Linn., 156.

glandulosa. Bell., 156.

pimpineliifolia, Linn., 156.

pomifera, Herm., 156.

rubiginosa, Linn., 156.

var., 156.

rubrifolia, FiU., 156.

var., 156.

tomentosa, Sm., 156.

Rostan, Dr. E., botany of Alps, 120,

note.

Rubia peregrina, Linn., 166.

Rub us coBsius, Linn., 154.

corylifolius, Gron., 154.

fruticosus, Linn., 154.

varr., 154.

glandidosus. Bell., 154.

Idajus, Linn., 154.

saxatilis, Linn., 154.

tomentosus, Borkh., 154.

Rudge, Capt., plankton collected by,

321, 322, 331.

Rumex, Linn,, ovary of, 383.

Acetosa, Linn., 202.

Acetosella, IJnn., 202.

var., 202.

acctoaelloides, Bal,, 202.

alpinus, Linn., 202.

aquaticus, Linn., 202.

arifolius. All, 202,

bucephalophorus, Linn.. 202.

conglomeratus, Murr., 202.
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Rumex crispus, Linn., 202.

Hydrolapathum, Huds., 202,

obtusifolius, Linn., 202.

Patientia, Linn., 202.

pratensis, Mert. <^" Koch, 202.

pulcher, Linn., 202.

sanguineus, Linn., 202.

scutatus, Linn., 202.

tuberosus, Linn., 202.

Euscus aculeatus, Linn., 212.

Ruta graveolens, Linn., 146.

Sagina apetala, Linn., 140.

bryoides, Froel., 140.

ciliata, Fries'?, 140.

glabra, ZocA, 140.

macrocarpa, Maly, 140.

nodosa, E. Mey., 140.

procumbeus, Linn., 140.

saxatilis, Wimm., 140.

var., 140.

subulata, Wimm., 140.

Sagittaria sagittaifolia, iimn., 208.

St. Petersburg, Najas material sent

from, 437.

Salix alba, Linn., 206.

var., 206.

ambigua, Ehrh., 206.

amygdalina, Linn., 206.

Arbuscula, Linn., 206.

aurita, Linn., 206.

cffisia, FiZL, 206.

Caprea, Linn., 206.

cinerea, Linn., 206.

daphnoides, FiZL, 206.

fragilis, Linn., 206.

glabra, >Scop., 206.

glauca, Linn., 206.

grandifolia, >S^er., 206.

hastata, Linn., 206.

^eZnr, Linn., 206.

herbacea, Linn., 206.

incaua, ScliranTc, 206.

Jacquiniana, WiUd., 206.

Lappouum, Linn., 206.

Myrsiiiites, Linn., 206.

var., 206.

nigricans, Fnes, 206.

pentandra, iom., 206.

pbylicifolia, var. Hegetschwoi-

leri, Heer, 206.

Pontederana, !Sclileich., 20IJ.

purpurea, Linn., 206.

var., 206.

repens, Linn., 206.

var., 206.

Salix reticulata, Linn., 206.

retusa, Linn., 206.

var., 206.

rosmarinifoUa, Linn., 206.

rubra, Buds., 2<)G.

serpijllifolia. Scop., 206.

viminalis, Linn., 206.

vitellina, Linn., 206.

Salvia ^thiopis, Linn., 194.

clandestina, VilL, 194.

glutinosa, Linn., 194.

jiratensis, Linn., 194.

verticillata, Linn., 196.

Sambucus Ebulus, Linn., 166.

nigra, Linn., 166.

racemosa, Linn., 166.

Samolus Valerandi, Linn., 200.

Sanguisorba dodecandra, Moretti,

156.

officinalis, Linn., 156.

Sanicula europsea, Linn., 162.

Santolina Charaaecyparissus, Linn.,

172.

Saponaria lutea, Linn., 140.

ocymoides, Linn., 140.

officinalis, Linn., 140.

Yaccaria, Linn., 140.

Sarothamnus vulgaris, ]Fr/H»i., 146.

Sarracenia, Zin?i., pitchers of, 287.

Satureja hortensis, Linn., 196.

montana, Linn., 196.

var., 196.

Pipcrella, Bentli., 196.

variegata, i/osf, 196.

Saussure, H. B. de, Alpine plants,

120, note.

Saussurea alpina, DC, 176.

discolor, DC, 176.

pygmaja, Sprewj., 176.

Saxegotbea conspicua, Lindl., 315.

Saxifraga acaxdis, Gaudin, 160.

aizoides, Linn., 160.

Aizoon, lAnn., 160.

androsacea, Linn., li>2.

var. triloba, ISternb., 162.

arachuoidea, Sternb., 162.

aspera, Linn., 160.

atropurpurea, Sternb., 160.

biflora, ^«., 160.

bryoides, Linn., 160.

bulbifera, Linn., 162.

var. insubrica, iJo<a, 162.

Burseriana, Lmw., 160.

cassia, Linn., 160.

var., 160.

ceruua, Linn., 162.

Saxifraga cochlearis, lieichb., 160,

controversa, Sternb., 162.

Cotyledon, Linn., 160.

erustata, Fi^s^ 160.

cuneifolia, Linn., 160.

diapensoides, 5e?Z., 160.

var., 160.

elatior, Mert. 4' Koch, 160.

exarata, VilL, 160.

Facchinii, Koch, 162.

florulenta, Moretti, 160.

granulata, /Ann., 162.

Hirculus, Linn., 100.

Jlohemvartii, Sternb., 1 62.

lantoscatia, Boiss. & Keut., 160.

lingulata, BelL, 160.

var.. 1 60.

moscluita, Wulf., 160.

muscoides, Wulf., 160.

varr., 160.

mutata, Linn., 160.

oppositifolia, LAnn., 160.

var., 160.

paradoxa, Sternb., 162.

patens, Gaudin, 160.

pcdemontana, ^Z?., 160.

petraea, Linn., 162.

planifolia, Lapeyr,, 162.

retusa, Gouan, 160.

rotundifolia, IJnn., 162.

MudoJjyhiftna, Hornsch., 100.

sedoidcs, Linn., 162.

var., 162.

Seguieri, Spremj., 162.

squarrosa, Sieb., 160.

stellaris, Linn., 160.

steuopetala, Gaudin, 160.

tcnella, IFwZ/., 160.

tombeanensis, Boiss., 160.

tridactyloides, Linn,, 162.

umbrosa, lAnn., 100.

valdensis, Z>C'., 160.

Yandellii, Sternb., 160.

Scabiosa argentca, IJnn., 168.

Columbaria, Linn., 168.

graminifolia, Linn., 170.

var. viridis, lieichb., 170.

graniuntin. Linn.. 168.

v;ir.. 1 n^.

lucida, P'<7Z., 168.

var. villosa, 7?o/(t, 168.

maritima, Linn., 168.

pyreiutica, DC, 168.

suaveolens, i5<!s/., 168.

van, 168.

vestina, Facch., 168.
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Scandix Pecten-Veneris, Linn., 166.

Scenedesmus, Met/en, 82.

acutus, Meyen, 83.

bijugatus, Kuetz., 82.

denticulatus, Lagerh., 83.

var. linearis, Bansg., 83.

var. lineatus, West, 83.

var. lunatus, West ^'

Westf*, 83.

var. zigzag, Lagerh., 83.

obliquus, Kuetz., 83.

var. dimorphus, Jiabeuh.,

84.

quadricauda, Breh., 83.

var. abundans, Kirchn.,

83.

— var. ellipticum. West cf-

West/*, 83.

— var. insignia. West 4"

West/*, 83.

— var. maximu8, West 4'

West/.*, 83.

Scbeit, on transfusion tissue, 302.

Scheuchzeria palustris, Linn., 208.

Schkuhr, C, his work on Najas,

380.

Schoenus ferruginous, Linn., 216.

nigricans, Linn., 216.

Schuett's ' Peridiniacete ' mentioned,

321.

Schumann, K., on Brazilian species

cf iS'ajas, 380 ; on homology of

flower of Najas, 383.

Sciadopitys, Sieb. Sf Zucc., transfusion

tissue in, 302.

Scilla amoena, Linn., 212.

autumnalia, Linn., 212.

bifolia, Linn., 212.

italica, Linn., 212.

Scirpus alpinus, SMeich., 216.

caespitosus, Linn., 216.

corapressus, Pers., 216.

Holoschoenus, Linn., 216.

lacustiis, Linn., 216.

var., 216.

raaritimiis, Linn., 216.

Miilif ii iiius, Linn., 216.

mucroiiijtus, Linn., 216.

pauciflorus, Lightf., 216.

setaceus, Linn., 216.

supinus, Linn., 216.

sylvaticus, Linn., 216,

TaberncKmontmii, Grael., 216.

tri(jueter, TJnn,, 216.

Scleranthus annuus, Linn., 158.

perennis, Linn., 158.

Sclerocarpus obliquus, C. A. Weber,

390.

Sclcrochloa rigida, LinJc, 224.

Scopolina atropoides, Schult., 190.

Scorzonera arista ta, Bam., 180.

austriaca, Willd., 180.

glastifolia, Willd., 180.

hirsuta, Linn., 180.

hispanica, Linn,, 180.

var., 180.

humilis, DC, 180.

humilis, Linn., 180.

var., 180.

purpurea, Linn., 180.

var., 180.

rosea, Waldst. & Kit., 180.

tenuifolia, DC, 180,

villosa, Scop., 180.

Scott, D. H., assistance in work on

Grymnosperms acknowledged, 318;

communication by (Corraack), 275

;

(Gwynne-Vaughan), 287; (Mas-

leu), 357; (Worsdell), 301; on

Medullosa, cited, 454 : on Stan-

geria, 455 ; work on fossil plants,

&c., cited, 357, 370-375.

Scrophularia atropurpurea, Moretti,

190.

Ealbisii, Hornem., 190.

caniua, Linn., 190.

var., 190.

Ehrliarti, C. A. Stev., 190.

Hoppoi, Koch, 190.

nodosa, Linn., 190,

vernalis, Linn., 190.

Scutellaria alpina, TAnn,., 198.

galericulata, Linn., 198.

hastifolia, Linn., 198.

minor, Linn., 198.

ScYTONEWACE^ from Lake Alastra,

41.

Seaforthia olegans, R. Br., roots of

280.

Secretory sacs in Lepidostrobus, 375,

Sedum acre, TJnn., 158.

album, Linn., 158.

alpcslre, Vill, 158.

alsinefolium, All., 158.

altissimum, Poir., 158.

Anaoampseros, Linn., 158.

annuum, Linn., 158.

anopetalum, DC, 160.

atratum, TAnn., 158.

dasypbyllum, Lhin., 358.

galioides, All., 108.

glaucum, Sm., 158.

Sedum hirsutum, AIL, 158.

hispanicum, Linn., 158.

maximum, Suter, 158.

reflexum, Linn., 158.

var., 158.

rubens, Linn., 158.

sexangularc, Linn., 158.

stellatum, Linn., 158.

villosura, Linn., 158.

Seedling of Victoria regia, 292 ; of

Nymphaea zanzibariensis, 293 ; of

Nelumbium speciosum, 293.

Seeds of Loranthus, distribution, 96.

Selaginella, Beattv., steles having

two bundles only, 298.

Selinum Caruifolia, Linn., 164.

Sempervivum acuminatum, Schott,

160.

arachnoideum, Koch, 160.

arenarium, KocJi, 160.

exile, Ball, 160.

Funkii, Braun, 160.

var. dolomiticum, Facch.,

160.

hirtum, Linn., 160.

montanum, Linn., 160.

var. ochroleucum, Linn.,

160.

tectorura, Linn., 160.

var., 160.

Wulfcnii, Ifojjpe, 160.

Senecio abrotanifolius, Linn., 174.

alpestris, DC, 174.

aquaticus, Huds., 174.

var., 174,

aurantiacus, DC, 174.

Balbisianus, DC, 174.

brachj'chaetus, DC, 174.

varr., 174.

Cacaliaster, TAtm., 174.

campestris, DC, 174.

carnioUcvs, Willd., 174.

Cineraria, DC, 174.

cordatus, KocJi, 174.

var., 174.

Doria, Linn., 174.

Doronicum, Linn., 174.

erraticus. Pert., 174.

erucifolius, Linn., 174.

Fuchsii, Grael., 174.

incanus, Linn., 174.—— varr., 174,

Jacobaja, Linn., 174.

nebrodensis, Linn., 174.

nemorcnsis, /Ann
, 174,

var., 174.
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Senecio paludosus, Linn., 174.

Persoonii, De jS^ot., 174.

prajaltus, Bert., 174.

ipathulcpfolius, DC, 174.

sqiialidus, Linn., 174.

suhalpinus, Koch, 174.

sylvaticus, T^imi., 174.

uniflorus, All., 174.

viscosiis, Linn., 174.

vulgaris, Linn., 174.

Sequoia gigantea, Lindl. ^ Gord.,

313.

Serapias Lingua, Linn., 210.

l.mgipetala, Poll., 210.

Serratula midicaulis, Linn., 176.

Rhaponticum, Z>C., 176.

tinctoria, Linn., 176,

Seseli anuuum, Linn., 164.

elatum, Linn., 164.

glaucum, Jacq., 164.

montanum, Linn., 164.

tortuosum, lAnn., 164.

varium, J'/yv., 164.

Sesleria argentea, *S'ai'i, 222.

var., 222.

csernlea, j4*'rf., 222.

disticha, Pers., 222.

Tar., 222.

elowjata. Host, 222.

microcephala, DC, 222.

pedemoniana, Heut., 222.

sphaerocephala, Ard., 222.

Setaria glauca, Beauv., 220.

vertioillaia, Beauv., 220.

viridis, Beauv., 220.

Sheath, leaf, of Najas, 381.

Sherard, W., his herbarium at Oxford

mentioned, 379.

Sherardia arvensis, Linn., 166.

Sibbaldia procumbens, Linn., 156.

Sideritis montana, Limi., 196.

romana, Linn., 196.

officinaHs, Zum., 196.

Silaus pratensis, Bess., 164.

Silene acaulis, IJnn., 140.

alpestris, Jacj., 140.

Armeria, Zrnn., 140.

Campanula, Pers., 140.

conica, ii<jn., 140.

cordifolia, All, 140.

cretiea, £/hh., 140.

Eli/.abethcc, Jan, 140.

exscapa, All, 140.

gallica, IJnn., 140.

var., 140.

glandxdosa, Bert., 140.

Sileue inaperta, Linn., 140.

inflata, (Sni., 140.

var. aJpina, Koch, 140.

var. angustifolia, Koch,

140.

italica, Linn., 140.

linicola, Gmel, 140.

nemoralis, IFaWs^ 4* -^'^^m l'^'^-

noctiflora, Linn., 140.

nutans, Linn., 140.

Otites, -Sot., 140.

paradoxa, IJnn., 140,

Pumilio, TFmZ/., 140.

quadrifida, Linn., 140.

rupestris, Linn,, 140.

Saxifraga, Linn., 140.

vallesia, Linn., 140.

Siler trilobum. Scop., 164.

Sinapis arvensis, Linn., 134.

nigra, Linn., 134.

SiROSiPHONiACE* from Lake Alastra,

41.

Sison Amomum, Linn,, 162.

Sisymbrium acutangulam, DC, 132.

Alliaria, Scop., 134.

austriacum, Jacq., 132.

var., 132.

Column ae, Jacq., 132.

Irio, Linn., 132.

officinale. Scop., 132.

pannonicum, Jacq,, 132.

pinnatifidum, i?6\, 134.

Sophia, Linn., 134.

strictissimum, Linn., 134.

Thalianum, Linn., 134.

Slits in corolla of Loranthus, 94.

Sloane herbarium, mentioned, 379.

Smilax aspera, LiwJi., 2l2.

Solanum Dulcamara, Linn., 190,

miniatum, Bernh., 190.

nigrum, Linn., 190.

villosum, Lam., 190.

Soldanella alpina, Li/in., 200.

pusilla, Baunig., 200.

Solidago alpestris, Waldst. & Kit.,

170.

pj'gmoea, B^-ri., 170.

Virgaurea, Linn., 170.

varr., 170.

vSolms-Laubach, H. Graf zu. Mono-

graph of the Acetabulariffi, 1-39
;

on Traquairiae, 373.

Somali-Land, Cratcrostigma purailum

from (Ward & Dale), 343, 345.

Somatropic movement of Loranthus

hypocotyl, 107.

Sonchus arvensis, Linn., 180.

asper, Vill, 180.

oleraceus, Unn., 180.

palustria, Linn., 180.

SoRASTRE.i; from Lake Alastra, 41.

Sorbus Aria, Grantz, 156.

Aucuparia, Linn., 156.

Chamajmespilus, Grantz, 156.

domestica, TAnn., 156.

latifolia, Prs., 156.

scandica, Fries, 156.

torminalis, Grantz, 156.

Sorghum halepcnse, Pers., 220.

Soyeria hyoseridifolia, Koch, 182.

montana, Monn., 182.

Sparganium natans, Linn., 208.

ramosum, JJuds., 208.

simplex, Huds., 208.

Spartium junceum, Linn., 146.

Spathaceae, § Najas, 399.

Specularia hybrida, DC., 186.

Speculum, DG., 186.

Spencerites, t D. H. Scott, 357, 359,

370.

Spergula arvensis, IJnn., 140.

pentandra, Linn., 140.

Spermatozoids in Cycas and Ginkgo,

318.

Sphaerozosma, Gorda., 230.

Archerii, Gutw., 230.

Aubertiaiium, West, 230.

excavatum, Ralfs, 231 ; men-

tioned, 232.

. var. y, G. C. Wall,

231.

filiforme, W. B. Turn., 230.

Goehelii, liacib,, 231.

indicum, W. B. Turn., 231.

pulchrum, Bail., 231.

var. conslrictum, Wolle,

231.

redangulare, Wolle, 231.

Spiraea Aruncus, Linn., 154.

chama^drifolia, Linn., 152.

decumbens, Koch, 154.

denudata, Hayne, 154.

Filipendulu, Linn,, 154.

Ulmaria, Linn., 154.

var., 154.

ulmifolia, Scop., 152.

Spiranthes aestivalis, EicJi., 210.

autumnalis, liich.y 210.

Spirogyra, Z/i/iA:, 42.

decimina, Knctz., 42.

spp., 43.

Spirulina major, Kuefz.y 85.
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Spirulina oscillarioides, Kuetz., 85.

Spondylosium, Breb., 43, 231.

papillosum, West 4' West /.*,

43.

pxilchrum, Arch., 231.

var. inflatum, West 4'

West/*, 231.

—— var. constrictum, West

4- Westf*,23\.

rectangulare, West 4" West /.*,

231.

tetragouum, West, mentioned,

43.

Sporophylls of Lepidostrobu8, 368.

Stachys alpina, Linn., 196.

annua, Linn., 196.

arvensis, TAnn., 196.

germanica, Linn., 196.

labiosa, Bert., 196.

palustris, Linn., 196.

recta, Linn., 196.

sylvatica, Linn., 196.

Staehelina dubia, Linn., 176.

Stalybridge, cone of Lepidostrobus

from, 358.

Stangeria, Moore, central cylinder of,

454 : its xylem, 455 ; dichotomous

venation of, 304, 307 ; its fern-

like foliage, 318.

Stapbylea pinnata, TJnn., 146.

Staurastrum, Meyen, 72, 254.

abruptum, West Sf West /.*,

256.

iicanthophorum. West 4" West

/.*, 72.

aculeatum, MenegJi., mentioned,

80.

var. ornatum, Nordst.,

mentioned, 79.

Ancbora, West 4" ^^st /.*,

26 G.

;innulatum, West Sf West /.*,

79.

apiculatum, Breh., 254.

Arctiscon, Lund., 269.

var. glabrum, West &
West /.*, 269.

arcuatum, Nordst., 262.

forma acicnlifera, Wfsi
4- West /.*, 262.

(irauttum, Wolle, 262.

a listiferum, linlfs, 256.

var. parallt'lum, West

Staurastrum aspinosum, var. annu-

losum, West 4' West/.*, 265.

asteroideum, West 4' West /.*,

263.

aversum, Lund., 261.

bacillare, Breh., 256.

var. obesum, Lund., 256.

barbatum, West 4' West /.*,

265.

Baronii*, West # West f., 76.

basidentatum, Borge, 76.

var. simplex, Borge, 76.

bibrachiatum, HeinscJi, 74, 270.

var. cymatium, West 4"

West /.*, 74, 270.

forma brevier, 75.

Staurastrum Dickiei, JRalfs, 72, 255.

var. circulare, W. B.

Turn., 255.

var. granulatum, Eog Sf

bicoronatum, N. Jj. Johnson, 264.

var. simplicius, West 4'

West /.*, 264,

Bioneanum, Rahenli., 74.

botrophilum, Wolle, 261.

brachiatum, lialfs, 262.

brachioprominens, Boerg., 265.

var. robustum, West 4'

West f.*, 2m.
brasiliense, Nordst., mentioned,

259.

var. Lundellii, West 4'

West /.*, 259.

var. triquetrum, Wolle,

4- Westf.'', 2:36.

Arnellii, Boldt, mentioned, 261.

aspinosum, Wolle, 265.

mentioned, 259.

Brebisonii, Arch., 260.

, var. heteracanthum. West

4f Westf.*, 260.

Cerastes, Lund., 268.

claviferum. West 4- West /.*,

259.

connatum, Rot/ 4' Biss., 255.

var. amerieanum, West

4^ Westf.*, 255.

contectum, W. B. Turn., 257.

var. inevolutum, W. B.

Turn., 257.

contortum, Delp., var. pseiido-

tetracerum, Nordst., 79.

corniculatum, Lund., 2oo.

var. variabile, Nordst.,

255.

cosmarioides, Nordst., 229.

ea.<ii,i(irintdfs, Wolle, 229.

dejectuTii, Bri/)., n^entioned, 254.

var. connatum, Lund.,

255.

dejectum, Wolle, 255.

delicatissimum, West 4- Westf.*,

262.

Biss., mentioned, 73.

var. maximum, West 4"

Westf.*, 72, 255.

digltatum, West & West f.*,

269.

duhium, B. Eichl. & Gutw,,

258.

dubium. West, mentioned, 258.

excavatum, West 4" West /.*,

78.

exile, West 4- West /.*, 78.

fissum, W. B. Turn., 73.

var. perfissum, West 4"

Westf.*, 73.

floriferum, West 4- West /.*,

267.

forcipatum, West Sf West /.*,

75.

franconicum, Reinsch, men-
tioned, 264.

gcmelliparum, Nordst., men-
tioned, 257.

gemmulatura, W. B. Turn.,

mentioned, 76.

genuflexura, West 4' West /.*,

263 ; mentioned, 229.

glabrum, Ralfs, 255.

glaphyrum, West 4- Westf.*,7-i.

graeile, Ralfs, 77.

var. convergens, West 4'

Westf.*, 77.

— var. curtum, Nordst., men-

tioned, 77.

var. cyathiforme. West 4"

West /.*, 77.

var. pusillum, West 4"

Westf.*, 77.

var. subventricosum,i5o6>r/.,

mentioned, 77.

var. tenuissimum, Boldt,

mentioned, 77.

var. uniseriatum, West 4"

Westf.*, 77.

- var. verrucosum, West 4"

West f.*, 77.

gracillimum. West 4' West /.*,

75; mentioned, 2()3.

var. biradiatura, West 4'

Westf.*, 75.

grallatorium, Nordst., 265.

var. americaiium. West

4- Westf.*, 265.
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Staurastrum grande, Buhih., 261.

var. rotundatum, West

^ West/*, 261,

Hantzschii, Reinsch, 201

.

var, congruum, West Sf

West/*, 257.

var. depauperatum, Gutw.,

257.

hexctcantJium, F. Gay, 255,

forma intermedia, B. Eichl,

& Gutw., 255.

hexacerum, Wittr., 75.

hypooephalophorum, West^' West

/.*, 74.

incisum, WoUe, 262.

var. effiguratum, West 6c

Westf.*, 262.

inconspicuura, Nordst., 257.

incurvatum, West 4' ^^^^^^ /.*,

76.

insigne, Lund., 261.

intricatum, Delp. ex parte,

257.

Johnsouii, West 4- West /.*,

266.

lanceolatum, Arch., 261.

var. compressura, West,

261.

leptacanthum, Nordst., 269.

var. dodccanthum, West

4- West/.*, 269.

var. tetroctocerum, WoUe,

269.

leptocladum, Nordst., 79.

var. cornutum, Wdle,

79.

lej}tocla''um, N. L. Johnson,

266.

leptocladum, Nordst., 266.

var. insigne, West 6f

West/.*, 266.

logimum, West 4' West /.*,

264.

longiradiatum, West 4' West/.*,

267.

forma major, West 4-

Westf.^,2Q7.

maamense, Arch., 260.

margaritaceum, Elirenh., forma

oruata, Boldt, 264.

minneapoliense, WoUe, men-

tioned, 265.

minnesotense, Wolh, 229,

260.

minutissimum, Reinsch, var.

constrictum, West, 255.

SECOND SERIES.—BOTANY, VOL

Staurastrum monticulosura, Breh.,

73.

var. bifariiim, Nordst.,

73.

Natator, West, 265.

var. crassum, West 4c

W^estf.*, 265.

nonanum, W. B. Turn., 80,

forma qtiadrangidare, W.
K. Turn., 80.

Ophiura, Nordst., 268.

var. tetracera, WoUe,

268.

orbiculare, Ralfs, 73.

var. Bieneanum, Habenh.,

Staurastrum quadrangulare, Tirrb

257.

74.

var. denticulatura, Nordst.,

forma minor, 74,

var, depressum, Roy if

Biss., 73,

ornatum, W. B. Turn., men-

tioned, 262.

ornithocephalum, West 4" West

/.*, 73,

ornithopodum, West 4' West f.*,

266,

paradoxura, Meijen, 264.

paradoxum, Meyen, var. depres-

sum, W. B. 7«r»,, mentioned,

78.

var. longipes, Nordst., men-

tioned. 75, 78.

var. longipes, W. B. Turn.,

mentioned, 78.

— var, osceolense, WoUe,

264.

parvulum, West 4' ^^^^^' /•*'

263.

polymorphum, Breh., mentioned,

76.

proboscideum, Arch., var, aUum,

Boldt, 267.

Pseudocosmarium, Reinsch,

229.

pseudocrenatum, Lund., 260.

pseudocuspidatum, Roy 4' Bus.,

73.

Pseudosebaldi, W iUe, mentioned

,

267.

pseudotetracerura, West 4- West

/.*, 79.

pterosporum, Lund.. 2o(i.

pygmaeum, Breh., 74.

var. apiculatum. West 4'

West/.*, 74.

var. armatum, Went 4

West /.*, 257 ; mentioned

258,

var. longisjnna, lioenj.

V.

mentioned, 258

quadrieoniutum, Roy 4' Bis4.

257.

quadrispiuatuni, W. B. Turn.

258.

llavenelii, //. C. Wood, men-

tioned, 259.

Renardi, Reinsch, var. congrmim,

Racib., 257.

Rotula, Nordst., 268.

Royanum, Arch., 260.

rugulosum, Breh., 74.

scolopacinura, W. B. Turn.,

mentioned, 256.

Sebaldi, Reinsch, 267.

var. altum. West 4" West

/.*, 267.

setigerura, Cleve, 260.

var. occidentale. West 4'

West/.*, 260.

var. pectinatum, West 4"

West/.*, 260.

setiyerum, Wolle, 260.

sexverrucosum. West 4' West/.*,

262.

sibiricum, Borye, 255.

var. occidentale, West 4'

Westf.*, 255.

sparsiaculeattim, Schraidle, 259.

spicatum. West 4' " ^''' .f->

258.

spp. varying in size and abund-

ance, 229.

subgemmulatum, West 4' '^''•''<

/.*, 76.

var. gracilius, W.-st 4"

Westf.*, 76.

subgracillimum, West 4' W,'st f.*,

263.

subscabrura, .V( »/•,/>/, 26i).

subscolopacinum, W,st >.\ West

/,*, 256,

subtrifurcatum, Wist 4' Westf.*,

258.

tonuissimum, West 4' West /.*,

78.

tetracerum, Rnlfs, ^i).

—— var. undulatuni, West S(

Westf.*, 80.

tohopekaligeuse, WoUe, 80.

4 E
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Staurastrum tohopekaligense, var.

ijuadrangulare, West tf- West f.*,

80.

var. trifurcatum, West Sf

West/*, 80.

tricorne, Menegh., 75.

forma tetragona, 70.

trifidum, JS^ordst., 258.

var. glabrum, La(jerh.,

258.

258.

forma tortci, Boerg.,

— var. inflexum, West ^•

Westf*, 258.

forma torta, 258.

trifurcatum, W. B. Turn., men-

tioned, 259.

var. reversum, W.B. Turn..,

mentioned, 259.

trihedrale, Wolle, 200 ; rede-

scribed, 201.

var. rhomboideum, West

4- Westf.*, 201.

undulatum. West 4' ^''^«i^ /•*.

78.

unicorne, W. B. Turn., 250.

var. obesum, West ^- West

/.*, 250.

validum, West 6,- Westf.*, 202.

verrucosum, West 4' West /.*,

270.

vestitum, lialfs, mentioned,

267.

volans. West Sf West /.*, 79.

Wolleanum, Butler, 229, 209.
— var. intermedium, West

.J- Westf.*, 209.

var. kissimense, Wolle,

269.

xiphidophorum, WoUe, 229, 209.

var. bracl)yacanthum, West

^ Westf.*,2Q^d, 270.

var. simplex, Wolle, men-
tioned, 209, 270.

zonatum, Boerg., mentioned,

264.

Zyg«na, West tj- West f,*,

20.S.

^^taurogenia emarginata, West <S,-

Westf.*, 81.

Stein's Infusionsthierchen ' men-
tioned, 321.

Stele of Craterostigma, 346 ; of Xajas,

381 ; of Nympha^aceac, 295-298
;

Van Tieghcm's term (Cormack),
|

275.

Stellaria bulbosa, Wulf, 142.

cerastoides, Linn., 142.

Friebiana, Ser., 142.

glauca, With., 142.

graminea, Linn., 142.

Holostea, lAnn., 142.

media, Vill., 142.

nemorum, Linn., 142.

uligiuosa, Murr., 142.

viscida, Bieb., 142.

Stem of Craterostigma, 348; of jS^ajas,

380.

Stenactis annua, i\7e5, 170.

Stipa Aristella, Linn., 220.

ca])illata, Linn., 220.

peimata, Li.ui., 220.

Stolons of Xympha^a, 290-297.

Strasburger, E., on transfusion tissue,

304.

Stroptocarpusamplexifolius, DC. ,212.

Sturmia Loeselii, Jteichh., 210.

Succisa pratcnsis, Moench, 108.

Sucker of Loranthus seedlings, 101.

Suctorial disc of Loranthus, 107, 108,

109.

Swertia pereiinis, Linn., 180.

Symphytum bulbosum, Schimp., 188.

officinale, Linn., 188.

var., 188.

patens, Sibth., 188.

tuberosum, Linn., 188.

Tables in. Y. VI. VIIL-IX., Mur-
ray & Whitting, between pages 338

& 339, and 340 & 341 arc denoted

by 338/1, 340/1, 340^2, 340/3,

and 340/4.

Tamus communis, Linn., 212.

Tanacetum vulgare, Linn., 172.

Taraxacum Itrvigatum, DC, 180.

officinale, Wigg., 180.

varr., 180.

jmlustre, DC, 180.

Taxinej:, leaf, 309.

Taxus, Tourn., transfusion tissue in,

310.

baccata, Linn., 200; transfusion

tissue in, 301.

Tecoma, Juss., mentioned, 457, 458.
Teeth on leaves of Xajas, 381,

Telekia speciosi.ssima. Less., 170.

Telephium Imperati, Linn., 158.

Tentacles of Drosera, mentioned, 289.
Testa of Najas, 385.

Tetmemorus, lialfs, 238.

giganteus, H. C Wood, 241.

Tctmemorus gi-anulatus, lialfs, 238.

var. attenuatus, West,

238.

Tetraedron, Kuetz., 84.

minimum, Hansg., 84.

forma apiculatum, i^emsrA,

84.

pentaedricum, West Sf West f.*,

84.

—— forma minima *, 84.

regulare, Hansg., 84.

tumidulum, Hansg., 84.

Tetragonolobus siliquosus. Roth, 150.

Tetrapedia glaucescens, Boldt, 80.

morsa, West 4' Westf.*, 85.

Teucrium Botrys, Linn., 198.

Chamaidrys, Linn., 198.

flavum, Linn., 198.

lucidum, Linn., 198.

montanum, Linn., 198.

Polium, /Ann., 198.

Scordium, Linn., 198.

Scorodonia, Linn., 198.

Thalictrum alpinum, Linn., 128.

angustifolium, Linn., 128.

aquilegifolium, Linn., 128.

elatum, Jacq., 128.

exaltatum, Gaudin, 128.

flavum, Lin7i., 128.

fcetidum, Linn., 128.

galioides, JS^estL, 128.

minus, Linn., 128.

Thesium alpinum, Linn., 202.

intermedium, Schrad., 202.

mo]itaiium, Ehrh., 202.

pratense, Ehrli., 202.

rostratum, Mert. 4' Koch, 202.

Thibout,work on Gymnosperms cited,

454.

Thlaspi alliaceum, Linn., 136.

alpestre, IJnn., 130.

alpinum, Linn., 130.

arvense, Linn., 130.

cepefrfolium, Koch, 136.

montanum, Linn., 130.

perfoliatum, Linn., 136.

pra^cox, Wulf, 136.

rotundifolium, Gaudin, 136.

var., 136.

virgatum, Gren. 4' Godr., J 30.

Thomas, E., of Bex, on Alpine plants,

120, note.

Thomas, F., on transfusion tissue in

Conifers, 301.

Thrincia hirta. Both, 178.

tuberosa, DC, 178.
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Thymelsea dioica, All, 202.

Thymns jyaimonicus, All,, 196.

Seri^yllum, Linn., 196.

var., 1 96.

vulgaris, Linn., 196.

Thysselinum palustre, Seg., 164.

var., 164.

Plinii, Spreng., 164.

Tilia grandifolia, Ehrh., 144.

parvifolia, Ehrli., 144.

Tindall, Capt., plankton collected by,

321, 340.

Tofioldia calyculata, WahUnh., 214.

var., 214.

j)nlustris, Huds., 214.

Tolypanthus §, in Ceylon, 113.

Tolypothiix tenuis, Kuetz., 85.

jijigmira, Kuetz., 85.

Tommasiiiia verticillaris, Bert., 164.

Tordylium maximum, Linn., 164.

Torenia auricidcvfolia, Dombr., 345.

Torilis Anthriscus, Gaertn., 166.

helvetica, Gmel., 166.

nodosa, Gaertn., 166.

Torreya californica, Torr., 315.

nucifeia, Sieh. cf- Zucc., 315.

Tozzia alpina, Linn., 194.

Tragopogon crocifolius, Linn., 180.

major, Jacq., 178.

orientalis, Linn., 180.

pratensis, Linn., 178.

— var. tortilis, Koch, 178.

var., ISO.

Tragus racemosus, Desf., 220.

Transfusion tissue in Gymnosperms,

301-319.

Trapa natans, Linn., 158.

Traquairije, the macrospores of a

Lepidostrobus, 373.

Trecul, A., on pitchers, etc., 288.

Trentepohlia lolithus, ^Vallr., 354.

Tribulus terrestris, Linn., 146.

Trichoblasts, their function, 283.

Trientalis curopaja, IJnn., 198.

Trifolium agrarium, Linn., 150.

alpestre, Linn., 148.

alpinum, Linn., 148.

angustifoliura, Linn., 148.

arvense, Linn., 148.

badium, 8chreh., 150.

Balbisianum, Ser., 148.

csespitosum, lieyn., 148.

filiforme, Unn., 150.

fragifcrum, Linn., 148.

hybridum, Linn., 148.

incarnatum, Linn., 148.

' Trifolium medium, Linn., 148.

micrantbum, Viv., 150.

montanum, Unn., 148.

nigrcsoens, Viv., 150.

nivale, Siob., 148.

noricum, Wtilf., 148.

ochroleucum, Linn.. 148.

pallescens, Schreh., 148.

pannonicuin, Jacq.. 148.

patens, Schreh., 148.

pratense, Linn., 148 ; flowers

pierced by bees, 92.

var., 148.

procumbens, Linn., 150.

repens, Linn., 148.

rubens, Linn., 148.

saxatile, All., 148.

scabrum, Linn., 148.

spadiceum, Unn., 150.

stellatum, Linn., 148.

striatum, Unn., 148.

Triglochin palustre, Zi/i«., 208.

Trigonella monspeliaca, Linn.,

148.

Trinia vulgaris, Z^C, 162.

Triodia decumbens, Beauv., 222.

Tripleurospermum inodorum, >ScA.

Bip., 174.

Triploceras, Bail., 236.

gracile. Bail., 236.

Triticum bijlorum, Brign., 226.

caninum, Schreh., 226.

var., 226.

cristatum, Schreb., 226.

glaucum, Desf., 226. 1

repens, Linn., 226.
i

var., 226.
\

Trochiscanthes nodiflorus, Koch,

164.

Trollius europKUs, lAnn., 130.

Tropa3olum majus, Linn., Carotin in

flowers of, 350, 352 ; early stage

of its leaf, 288.

Tulipa pnecox. Ten., 212.

sylvestris, Linn., 212,

Tunica Saxifraga, Scop., 138.

Turbyne, Capt. Alex., plankton col-

lected by, 321.

Turgenia lafifolia, lloffm., 166.

Turritis glabra, Linn., 132.

Tussilago Farfara, Linn , 170.

Typha anguslifolia, Linn., 208.

latifolia, Linn., 208.

minor, Sm., 208.

Ulex europa^us, Linn., 146.

Ulmus carapestris, /Ann., 204.

var., 204.

suberosa, Ehrh,, 204.

Umbkllifer.*:, proportion in Alpine

Flora, 128.

Umbilicus pendulinus, DC, 160.

Urtica dioica, Linn., 204.

urens. Linn., 204.

Utricularia Bremii, Heer, 198.

minor, Linn., 198.

vulgaris, Linn., 198.

Vaccinium Myrtillus, Linn., 186.

Oxycoccos, Linn., 186,

uliginosum, lAnn., 180,

Vitis-ldaja, Linn., 186.

Vaillant, S., his work on Najas, 379.

Taleriana celtica, Linn., 168.

dioica, Linn., 168.

elongata, Unn., 168.

montana, Linn., 168.

offieinaiis, Linn., 168.

var., 168.

saliunca, All., 168.

samhucifolia, Mikan, 168.

saxatilis, Unn., 168.

supina, Linn., 168.

tripteris, Linn., 168.

tuberosa, Unn., 168.

Yaleriduella Auricula, Z>C., 168,

carinata, IjoLs., 168.

coronata, DC, 168.

echinata, Z-'^'.. 16S.

Morisonii, />'
'.. I*i>.

olitoria. I'olL, 1 68.

Vallisneria spiralis, Unn., 212.

Van Tieghora, ]*.. on prickles of Vic-

toria, 289 : rhizome of Xclumbiuni,

291 ; transfusion tissue in Conifers,

303.

Van Ticghem, P., & Douliot, on stele

of Primula, &c., 279.

Vascular cylinder of Lepidostrobus.

361 ; zones of Encephalartos catier.

447.

Vaucheri, DC, mentioned, 19.

Vaughau, 1). T. G., see Gwynne-

Vaughan, D. T.

Veratrum album, Linn., 214.

nigrum, Linn., 21 4.

Verbascum Blattarin, Linn., 190.

lanatum, Schrad., 190.

Lychnitis, Linn., 190.

var., 190.

micranthiim, Moretti, 190.

moutanum, Schrad., 190.
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Verbascum nigrum, Linn., 190.

var , 190.

phlomoides, Linn., 190.

phoeniceum, lAnn., 190.

pulverulentum, Vill., 190.

sinuatum, /Ann., 190.

tliapsiforme, Schrad., 190.

Thapsus, Ijinn., 190.

Verbena officinalis, Linn., 198.

Veronica aeinifolia, LJnn., 192.

agrestis, Linn,, 192.

Allionii, FiZL, 192.

alpina, Linn., 192.

Anagallis, Linn., 192.

aphylla, Linn., 192.

arvensis, Linn., 192.

austriaca, Linn., 192.

Beccabunga, Linn., 192.

bellidioides, Linn., 192.

Biixbaumii, FrtVs, 192.

Chamaedrjs, Linn., 192.

fruticulosa, Linn., 192.

hederaefolia, Linn., 192.

laiifolia, Linn., 192,

longifolia, Linn., 192.

mentana, Linn., 192.

nitens, Host, 192.

officinalis, Linn., 192.

polita, jPms, 192.

proecox, Linn., 192.

prostrata, Linn., 192.

saxatilis, Jacq.., 192.

scutellata, Linn., 192.

serpyllifolia, TAnn., 192.

spicata, Linn., 192.

var., 192.

succulenta, J.^^., 192.

Teucrium, Linn., 192.

var., 192.

triphyUos, Linn., 192.

urticifolia, Linn., 192.

verna, Linn., 192.

Ver^chaffeltia splendida, i/. HVjkZ/.,

roots of, 280, 282.

Vesicaria utriculata, Lam., 1.34.

Vetters, on transfusion tissue, 303,

309.

Viburnum Lantaiia. Linn., 166.

Opulus, Liiii).. 166.

Vicia angustifolia, ii'o//t, 152.

varr., 152.

bitbynica, Linn., 152.

Bohartii, Forster, 152.

CHSsubica, Linn., 150.

cordata, Wulf., 152.

Cracca, Linn., 150.

Vicia dasycarpa, T'ew., 152.

dumetorum, Linn., 150.

Gerardi, DC, 152.

grandiflora, Scop., 152.

hybrida, Linn., 152.

latbyroidcs, Linn., 152.

lutea, /Ann., 152.

narboncnsis, Linn., 152.

onobrychoides, Linn., 152.

pannonica, Jacq., 152.

var., 152.

peregrina, Linn., 152.

pisiformis, Linn., 150.

pseudocracca, Bert., 152.

purparasceni^, DC, 152.

sativa, Linn., 152.

sepium, Linn., 152.

sylvatica, Linn., 150.

tenuifolia. Roth, 152.

villosa, lloth, 150.

Victoria regia, Lindl., morpbology and

anatomy of (Gwynne-Vaughan),

287-298.

Vienna Herbaria, Xajas material in,

437.

Villarsia nymphoides, F^jj^, 186.

Vinca major, Linn., 186.

minor, Linn., 186.

Viola rtZ&rt, Bess., 138.

ambigua, IFaMsf. i|' ^if., 138.

areuaria, DC, 138.

ar'vensis, Murr., 138.

biflora, Linn., 138.

calcarata, Linn., 138.

canina, Linn."?, 138.

var., 138.

ccnisia, Linn., 138,

var., 138.

collina, 5«ss., 138.

Comollia, Mess., 138.

declinata, IValdst. 4' Kit., 138.

elatior. Fries, 138.

hirta, Linn., 1 36.

lutea, Linn., 138.

mirabilis, Linn., 138.

nuramulariaefolia, ^/Z., 138.

var., 138.

odorata, LAnn., 138.

var., 138.

palustris, Linn., 136.

pinnata, fAnn., 1.36.

rotbomagensis, Desf.. 138.

Ruppii, Reichb., 136.

saxatilis, Y. W. Schmidt, 138.

sciaphila, Koch, 136.

suavis, Bieh., 136.

Viola sylvestris. Lam., 136.

var., 136.

tricolor, Linn., 138.

varr., 138.

valderia, All., 138.

Viscin of Loranthus seeds, 96, 103.

Viscura album, Linn., 166 ; curva-

ture of its hypocotyl, 107 ; distribu-

tion of seeds, 97; germination, 99;

hypocotyl of, 104, 108 ; mentioned,

115.

articulatum. Barm, f., 113.

capitellatum, Sm., 113.

japonicum, TJmnh., 113.

monoicum, lioxh., 113.

orientale, WilU., 97, 99, 113 ;

fruit, 115.

ramosissimum. Wall., 113.

Vulpia ciliata, LAnh, 224.

geniculata. Link, var. b. Pari.,

224.

Mjurus, Linn., 224.

var., 224.

sciuroides, Roth, 224.

Ward, H. M., & Miss E. Dale on

Craterostigma pumilum, Hochst.,

343-355.

Weather, Loranthus flowerbuds pro-

tected from, 95.

Webber, H. J., discovery of sperm a-

tozoids in Zamia, 318.

Welwitschia, ffooh. /., transfusion

tissue in, 301.

West, W. & G. S. West, contribution

to our knowledge of the Fresh-

water Algae of Madagascar, 41-90;

on some North-American Desmi-

diete, 229-274.

West, G. S., see West, W. & G. S.

West.

Whitting, Miss F. G.. see Murray,

G. R. M. & F. G. Whitting.

Widdringtonia Whytei, Rendle, 313.

Wigand, A., reference to his work,

292,

Wild, G., cone of Lepidostrobus, 358;

» Wild's Cone," 359, 361, 367.

Willdenow, C, division of Najas, 380.

Willcmetia apargioides, Less., 180.

Williamson, W. C, collection of fossil

plants, 357-361; work on fossil

plants, 357, 360, 364-369, 371-

375.

Williamson, W. C, & D. H. Scott's

use of the term * Mesarch,' 305.



Wolle, Rev. F., Desmids from, 229
;

criticism of his figures of Desmids,

229.

Woodward, Dr. H., fossil plants in

charge of, 375.

Woronin, M., criticism of his figures

(Solms), 3, r.ote^

Worsdell, W. C, comparative ana-

tomy of Encephalartos, 445-459
;

on transfusion tissue, 301-319.

Wright, C. H., preparation of Ball's

Tables, 120.
'

Wulfenia, Jacq., its distribution, 125.
[

carinthiaca, Jacq., 192.
j

Xanthic colouring matters in roots,

348, 349.

Xanthidium, Ehrenb., 252.

antilopoeura, Kueiz., 252.

var. canadense. Josh., 253.

var. Johnsonii, West Sf

West/.*, 253.

var. minneapoliense,TFb/Ze,

252.

var. polymazum, JWirdst.,

252.

INDEX.

Xanthidium antilopoeum, var, N. L.

j

Johnson, 253.

Arctiscon, Ehrenb., 269.

j

hisenarium, Ehrenb., var. rotun-

datum, W. B. Turn., 253.

i
eristatum, Breb., 253; men-

tioned, 252.

var. uncinatum, Breb.,

253.

fasciculatum, Ehrenb., 253.—— oronense, West ^ West

/•*, 253.

fasciculatum, Halfs, 252.

quadricornutum, Roy ^- Biss.,

mentioned, 254.

tetracentrotum, Wolle, 253.

Xanthium spinosum, Lmn., 184.

strumarium, Linn., 184.

Xanthophyll, 350.

Xeranthemum cvlindraceum, Sm.,

178.

inapertum, Willd., 178.

radiatum, Lam., 178.

Xylem transfusion tissue, 317.

Yellow pigments in roots, 349.

497

Zalewski, P., specimens of I^ajas sent,

387.

Zamia, Bronr/n., 445, 456; central

cylinder of, 454 ; leaf, 309.

muricata, Willd., Mettenius on,

cited, 445.

spermatozoids in, 318.

Zannichellia, Mich., mentioned, 380,

382, 383, 384.

palustris, Linn., 208.

Zeiller, C. R., on Spencerites, cited,

359.

Zimmerman n, A., observations on

Carotin, cited, 350, 353; on trans-

fusion tissue, 302.

Zizyphus vulgaris. Lam., 146.

Zopf, F. W., on colouring matters in

the lower organisms, cited, 350,

354.

Zurich Herbarium, Najas material in,

437.

Zygxemace.e from Lake Alastra, 41,

42.

Zygomorphic appearance of certain

Loranthus flowers, 92.

PRIJTIED BY TAYLOI! AND FR.VNCIS, RED LION COURT, FLEET STREET.



lixm;a.n society uf lundun,

!U *>0 VuU., arid a u.-',v .'i'

bn obraiiu-d at th ^ i. -in .

VO;;*. 2*>-;.):,'. 4s. t>^ tiiO public, a!r

The >-.-.-i:vl Seru-- <>f tho Ti-.

But;iul!:al p irts 'jf t],-;sn wuici' h;-

\vra;»rer.

)

i>-X fi

:iiacd, or p
10 the pub

iiijjiete 2ut6, may
o. to Fellows ; to

l',-f. to t .Aiows.

!-v>-i :"= v- liri'lod iiito Z-'oi-iiri^Ju ^nid Botanical sections. The prices of the

_
-

./ 1 ;irfr ,n uhdrruK-ntiouf'L s For the Zoological part^i see ZooLigical

V..iUfU«

. Pan I. 1
^

1 'J

Part II. i
^~~>

Part ill. >:
Part IV. 1-:-.

Part V. i -N "^

Part \ I. >:.-

Part Til. '.

'
^

'

'

Pai-tYHL ',---,

Part i.\

I. Part I. l^M

Part ! I \ ---J

Part III. 1
-^ -

, >

Part IV. ]--.•.

I-nrt ^ >., .

Par'

li^

t a '.

':^ ')

i; 12 U

1 6

i 4 • t

1 1 !)

1 r»

12

5 (*

i '}

I'dit V I
; I I

"" ^ J

Pait IX. "

i^art X
Part XL i

-" ~

Ftvrt XII. l"^'
''

Fart XII L ' ^ ^ ~
i 4 . .

P.irrX!'-. 1 ** "^7.

Pvi XV. ;^v-_

l\:^ XVL. ^ ^ "^ -

r.»-; I.
1

, ^
I ^ - . . . , .

P.i;' H. IrOl.

P.M! III. I •>! ,..-,-

n ('

12 (•

15

<) l*

O

7

2

6

_.

4 f;

.... 1

^ . , . 5

Pirt W J- i

P !
" '\ i

'. -^ ' _

i 1 t \ILI .-^'4

1 .t IX > '

i L- ^. - 5

IV r r' I ^ t

1 .It :
<

P.rt IV .- -

V P.rt 1 1- r,

£ s. d.

u I-; (!

(! 6 u

6

1 8

1

t u

4

1)

lis

\)

3 4

6

* / 1 i

U 4 (?

tj j I's

('l t; , Ji

i> 4 6

2 8

(f 4 t)

4 ti

1 1

t 6

'i 6

15

1 10

i 17 6

2 6

6 ^J

I) 9

4 6

9

4 6

1)

1 »>

"2
:i

4 6

2 t>


