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CHAPTER VIL 

THE CTENOPHORA.^ 

CLASS CTENOPHORA. 

Sub-Class 1. Tentaculata. 

Order 1. Oydippidea. 
„ 2. Lobata. 
„ 3. Cestoidea. 
„ 4. Platyctenea. 

Sub-Class 2. Nuda. 

Order 5. Beroidea. 

Under the name Ctenophora is comprised a small assemblage of 
organisms, pelagic in habit, characterised by a well-marked biradial 
symmetry, the possession of rows of swimming plates formed of 
modified cilia, and a transparent gelatinoid body. The majority 
of authors classify the Ctenophora as an aberrant group of the 
Coelentera, the architecture of the body being compared with 
that of a Hydromedusa; on the other hand, several authors have 
claimed affinities between the Ctenophora and Turbellarian worms. 
It will be most convenient to describe the structure and develop¬ 
ment of a typical form of the group, and to discuss its phylogeny 
afterwards. 

Though the Ctenophora are universally distributed and are 
especially abundant in warm seas, they were not recognised until 
1671, and then they were observed, not in warm or temperate 
seas, but in the neighbourhood of Spitzbergen by a ship’s surgeon 
named Friedrich Martens. Nearly a century later, in 1756, they 
were again discovered at Jamaica by Patrick Brown, and two 
species were included in the tenth edition of the Systema Naturae 
under the names Volvox heroe and Volvox bicaudatus. Since the 
beginning of the present century Ctenophora have been found 
and studied in all quarters of the globe. They attracted the 

^ By G. C. Bourne, M.A. 



2 THE CTENOPHORA 

attention of the earlier zoological circumnavigators, Peron, Lesueur, 
Quoy, Gaimard, and Chamisso; and in 1829 Eschscholtz assigned 
to them the systematic position near the Medusae, which they 
have retained ever since. After Eschscholtz the Ctenophora were 
studied by many observers, particularly by Leuckhart, Kolliker, 
Gegenbauer, Fol, L. Agassiz, and Allman, and lately they have been 
more closely studied by Kowalevsky, A. Agassiz, MetschnikofF, 
and especially by Chun, whose monograph, forming the first 
volume of the Fauna and Flora of the Gulf of Naples, is the 
standard treatise on the subject. 

The fundamental structure of the Ctenophora may com 
veniently be studied in two species, which may be procured in 
abundance off the English coasts in the spring, summer, and 
autumn months, Fleurobrachia pileus, Fabr. (= P. rhododactyla, 
Agassiz), and Hormiphora plumosa, Agassiz. 

The body is ovoid, and in Hormiphora it tapers somewhat 
towards one end, on which is placed a wide aperture compressed 
from side to side ; this is the mouth. At the opposite end of the 
body is a shallow depression containing a sense organ of char¬ 
acteristic structure. The line connecting mouth and sense organ 
is the chief axis of the body; the extremity, at which the mouth 
is placed, is distinguished as the oral pole, the opposite extremity 
as the aboral or sensory pole. 

The surface of the body is beset with eight meridional rows 
of modified ectoderm, bearing very long cilia, fused together and 
so disposed as to form a series of swimming plates called combs 
or ctenes. The meridional rows are termed ribs or costae, 
and they divide the body into octants. In both Hormiphora 
and Fleurobrachia they begin at some little distance from the 
aboral pole, in Hormiphora they extend downwards over about 
two-thirds of the body, in Fleurobrachia pileus they reach down¬ 
wards nearly to the mouth. On either side of the body, in 
an interspace between two costae, is a pouch leading into a 
considerable cavity hollowed out in the gelatinous body. From 
each pouch projects a tentacle, a long solid filament furnished with 
numerous accessory filaments. 

The mass of the body is composed of a gelatinous substance, 
so transparent that the main features of the internal anatomy 
may be studied without dissection. The mouth leads into a 
tolerably spacious sac which, like the mouth itself, is compressed 
from side to side. This sac, usually called the stomach, is developed 
as a secondary invagination of the epiblast, and is therefore a 
stomodaeum. It extends upwards for some two-thirds of the way 
towards the aboral pole, and there opens by a small orifice into a 
second sac, the infundibulum, which is also compressed from side to 
side, but in a plane at right angles to the first. Following Claus’s 
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terminology (9), the plane in which the stomodaeum is compressed 
will he called the sagittal, that in which the infundibulum is com¬ 
pressed the transverse plane. As the tentacles lie at either end of 
the transverse plane, the latter is sometimes called the tentacular 
plane. 

As the whole plan of the Ctenophoran body is dominated by 
these two planes lying at right angles to one another, it will be 
convenient to refer the position of other organs to them. Accord- 

Fig. I.—All the figures are of Pleurobrachia pileus. 

1. —The animal has been cut in half vertically rather to one side of the transverse plane 
St, stomodaeum ; i, infundibulum; ic, infundibular canal; stc, stomodasal canals ; trc, transverse 
canal, on which are seen the cut ends of the secondary canals ; tb, tentacle base ; tsh, tentacle 
sheath. 

2. —The animal has been similarly cut in half in the sagittal plane, a, sub-sensory am¬ 
pullae ; DW, meridional canals ; ssc, sub-sagittal and, str, sub-transverse gastrovascular canals. 

3. —View of the gastrovascular system in an animal cut across just above the level of the 
infundibulum. Lettering as before. 

4. —View of the aboral aspect of Pleurobrachia showing the central otolith mass, the polar 
fields, Pf; the four ampullae and two excretory openings, the eight ciliated furrows, the 
costae and the fringed tentacles ; css, sub-sagittal and, ctr, sub-transverse costae. 

5. —Diagram illustrating the symmetry of a cydippiform Ctenophore. SS, sagittal axis ; TT, 
transverse axis ; ssa, sub-sagittal radii; tra, sub-transverse radii. 

ingly, organs which are adjacent to the sagittal plane will be 
called sub-sagittal, those which are adjacent to the transverse plane 
will be called sub-transverse. 

The infundibulum is lined by endoderm, and is the true 

25 
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enteron, though the process of digestion is, for the most part, 
carried on in the stomodaeum, which is provided in its upper 
portion with a pair of longitudinal thickenings, the stomodseal 
folds, serving to increase its surface. The products of digestion 
pass into the infundibulum, and are thence distributed to all parts 
of the body by canals which, taken collectively, constitute the 
gastrovascular system. The gastrovascular canals, like the infundi¬ 
bulum, are lined with endoderm. 

We may conveniently distinguish two sets of canals—vertical 
and horizontal. The vertical canals consist of a pair running 
mouthwards, and a single axial vessel passing towards the aboral 
pole. The former are blind diverticula running down, one on each 
flattened side of the stomodaeum, and ending in the neighbour¬ 
hood of the mouth (Fig. I. 1, 2, s^c). The aboral vessel runs 
straight towards the sense organ, bifurcates at a short distance 
below it, and each branch again divides to form a pair of small 
sacs or ampullae which lie immediately below the ectoderm, and 
underneath the aboral sense organ. Each of the ampullae lies 
in one of the angles formed by the intersection of the sagittal and 
transverse planes. Two of them are closed sacs, but two, lying 
diagonally opposite to one another, open to the surface by small 
pores in the neighbourhood of the polar fields. It is a rule, with¬ 
out exception, in the Ctenophora that, if the animal is viewed from 
the sagittal aspect, the ampulla farthest from the spectator on the 
left, and the one nearest to him on the right, open by these so-called 
excretory pores (Fig. I. .4, and Fig. ,11. 1, ex'p). 

The horizontal gastrovascular canals serve to place the infundi¬ 
bulum in connection with the bases of the tentacles, and with the 
eight meridional canals which run immediately beneath the costae. 
A single pair of wide vessels, lying in the transverse plane, starts 
from the infundibulum at the level of its opening into the stomo¬ 
daeum. Each transverse vessel, after a short course, bifurcates at 
a wide angle, and its branches again divide, forming on either 
side of the body four canals, two of which are sub-sagittal and two 
sub-transverse (Fig. I. 3, 5). Each canal passes direct to a costa, 
and beneath it is produced orally and aborally into a long diver¬ 
ticulum which lies immediately below the costa and ends blindly, 
forming the sub-costal meridional canal. The gonads are developed 
on the walls of these sub-costal canals. 

The space between the stomodaeum, gastrovascular system, 
and body walls is occupied by a gelatinoid substance, in which are 
imbedded numerous muscle fibres, whose structure and arrange¬ 
ment will be described further on. 

The sensory organ at the aboral pole consists of a shallow de¬ 
pression of the ectoderm, lined by a modified and probably sensory 
epithelium. Within many of the epithelial cells are formed cal- 
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careous sphaeroids (otoliths); and, according to Samassa (21), 
when the otoliths are fully formed, they are ejected, still sur¬ 
rounded by the remnants of the cells in which they were formed, 
and become aggregated together to form a mulberry-like mass. 
The otolith mass is supported by four “ balancers,” delicate lamellae 
of peculiar shape formed by fused cilia. The whole structure, 
sensory pit and otolith mass, is covered over and protected 
by a transparent dome formed by fused cilia (see Fig. II. 1, 2). 
The four balancers lie in the angles of intersection of the sagittal and 

transverse planes; from the base of each of them two rows of ciliated 
furrows run outwards to end in the uppermost comb of each costa. 
The sensory pit is produced on either side, in the sagittal plane, 
into an elongated band-like ciliated tract. These tracts are 
known as the polar fields (Fig. I. 4, and Fig. 11. 1, P/), and it 
was supposed that they served as olfactory organs, but Samassa 
(21) states that they are nothing more than tracts of simple 
ciliated epithelium, devoid of sensory cells, so their function re¬ 
mains unknown. Samassa denies the existence of any nervous 
structures beyond those already mentioned; but Hertwig (13), 
whose observations have recently been confirmed by Bethe (5), 
describes a sub-epithelial nerve plexus similar to that which occurs 
in Medusae. 
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In the majority of the Ctenophora locomotion is effected solely 
through the action of the combs of the costae. Only in the much 
modified family of the Cestidae is the ciliary action supplemented 
by sinuous movements of the elongated, band-like body. 

A costa is made up of a number of short transverse rows of 
modified ectoderm cells, bearing exceedingly long cilia. The cilia 
are fused together to form the swimming plate or comb. The 
basis of each comb is a cushion composed of large columnar cells; 
these cells have broad bases and narrower ends, so that they con¬ 
verge together (Fig. III. 5). According to Samassa, the ciliated 
cells of one comb are in direct organic continuity with those of the 
next succeeding comb by means of branched processes of the bases 
of the cells, which processes traverse the intervening space, and admit 
of stimuli being conducted from comb to comb (Fig. III. 4). The 
cilia are borne on the narrower ends of the columnar cells, and are 
fused to form a plate which is bent downwards at a tolerably sharp 
angle at a short distance from the surface. When in action the 
comb is straightened out so as to give a sharp stroke in an upward 
—that is, in the aboral—direction, and then it swings slowly back 
to the bent position of rest. The combs of each costa contract in 
succession from the aboral towards the oral pole, their successive 
action giving rise to the appearance of a wave travelling in the 
same direction. It follows that the action of the combs drives the 
animal through the water mouth forwards, its progress being just 
the opposite to that of a Medusa. The activity of the combs of 
each costa is directed and controlled by the aboral sense organ. 
The structure of the latter shows it to be an organ of balance. If 
the Ctenophore be tilted over to one side the otolith mass bears 
down upon the balancer of that side, and the impulse thus originated 
is transmitted from cell to cell of the ciliated furrows till it reaches 
the first combs of the costae to which the furrows are distributed. 
These combs immediately contract, and the stimulus is conveyed 
from comb to comb by means of the processes of the ectoderm cells 
described above. Thus the ciliated furrows function as nerves, 
though they do not contain nerve fibres or nerve ganglion cells, 
and the transmission of stimuli is effected by simple cell contact. 
It must be borne in mind, however, that there is also a sub- 
epithelial nerve plexus with ganglion cells and nerve fibrils, though 
the latter are not known to be connected with the aboral sense 
organ. 

The tentacles of the Ctenophora serve for the capture of prey, 
and are not used in locomotion. They are most fully developed 
in the Cydippidae {HormipTiora and Fleurobrachia); are present, 
though much modified, in the Cestidae and Lobatae, but are absent 
in the Beroidae. In Pleurohrachia and Hormijphora the tentacle, 
consisting of a tentacular base and the tentacle proper, is retractile 
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within the tentacle sheath, a wide sac-like invagination of the 
ectoderm. The tentacular base is the broad proximal extremity of 
the tentacle, and is inserted on the inner or axial side of the 
tentacular sheath. It is penetrated by a pair of saccular cavities 
which are prolongations of the transverse gastrovascular canals. 

Fig. III. 

1. —Two lasso-cells (after Samassa). gl, glandular portion of lasso-cell; cf, central filament; 
sf, spiral filament; n, nucleus of central filament. 

2. —Section through the epithelium of the base of a tentacle of Hormiphora, showing the 
development of the lasso-cells from, go, gland cells and, cf, filaments formed from, in, the 
interstitial tissue. 

3. —Two otoliths of Beroe (after Samassa). n, nucleus. ^ 
4. —Section through the ectoderm cushion at the base of a comb. Be, basal cells of the comb ; 

p, their processes ; cp, connecting process going to the next comb. (After Samassa.) 
5. —Diagrammatic section through a comb. Be, basal cells ; cil, plate formed of fused cilia. 

(After Chun.) 
6. —Attachment of the radial muscles, rm, to the stomodseal sphincter muscles, rim, in Beroe. 

(After Samassa.) 
7. —Epithelium of Cestus veneris, showing gland cells, glc; in various stages of development 

imbedded in a coenocytial interstitial tissue, it. 
8. —Diagram showing the position of the ovaries, ov, and the spermaries, t, in the hypoctenial 

diverticula of the meridional canals in Eucharis multicornis, and in Bolina alata. 
9. —Diagram showing the position of the ovaries and spermaries in Deiopea TcaloMenota and 

Bolina hydatina. 
10. —Diagram of the tentacle base of Hormiphora plumosa, after Chun, i, infundibulum; 

st, stomodaeum; stc, stomodaeal canal; to, tentacular canal; af, accessory filament; m, 
muscles ; tsh, tentacle sheath. 

The partition between the tentacular canals is called the tentacle 
stem; it contains muscles which converge from the wall of the 
tentacle sheath to the tentacle itself, where they form a solid axial 
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cord, from which muscular slips are given off to the accessory 
filaments. The tentacle itself is a solid, muscular, and exceed¬ 
ingly extensile filament (Fig. III. 10). The accessory filaments 
are simple and thread-like in Plmrobrachia^ but in Hormiphora 
certain of them are thickened and furnished with digitiform 
appendages which, from their supposed resemblance to a minute 
Eolis, are often called eolidiform appendages. The whole surface 
of the tentacle and its accessory filaments is covered by densely 
crowded “lasso-cells,” structures characteristic of the Ctenophora, 
which will be described in detail further on. 

The musculature of the Ctenophora is wholly derived from 
the mesoblast, and there are no epithelio-muscular cells. The 
muscle fibres are for the most part much branched, and are not 
grouped into bundles except at the bases of the tentacles, in the 
tentacles themselves, and in the regions of the mouth and aboral 
sensory organ, where they form sphincters. There is a well-marked 
layer of musculature under the body wall, consisting of an external 
layer of longitudinal, and an internal layer of transverse fibres. A 
similar musculature invests the stomodaeum and the gastrovascular 
canals. The gelatinous substance of the body is traversed by 
numerous fibres, whose general direction is radial, from the stomo¬ 
daeum and gastrovascular system to the body wall. 

The histology of the Ctenophora has been carefully studied by 
Samassa (21), to whose paper the reader is referred for details. 
The epithelium of the body is peculiar, being formed of large gland 
cells lying in an interstitial tissue, in which many nuclei, but no 
cell boundaries, are to be distinguished. In the neighbourhood of 
the aboral sense organ, the ciliated ridges and the costae, the gland 
cells become smaller and less numerous, and the interstitial tissue 
is replaced by a simple cubical epithelium. The most characteristic 
histological feature of the Ctenophora is the presence of the 
lasso-cells (Fig. III. 1, 2). Each lasso-cell has the shape of a 
hemispherical cup, the convexity turned outwards and covered 
with minute sticky papillae. To the inner concave side are 
attached two filaments ; the one an exceedingly fine central proto¬ 
plasmic thread, in the upper part of which a much attenuated 
nucleus can generally be distinguished. The other is a contractile 
fibre thicker than the first, attached like it to the centre of the 
convex surface of the cup, and coiled in the first part of its course 
in a close spiral. Eventually the spiral thread tapers off into a 
fine filament, which, according to Chun, is attached to the muscle 
fibres forming the axis of the tentacle. The lasso-cells lie close 
together, forming a complete investment for the tentacle, with only 
very sparse interstitial tissue between. When any foreign body 
comes into contact with the tentacle, the lasso-cells adhere to it 
by their sticky convex surfaces, are withdrawn from the surface. 
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and the object is held fast by the spiral thread which remains 
attached to the tentacle. 

According to Samassa, the lasso-cells are formed from two cell 
elements. The hemispherical cup is the product of a meta¬ 
morphosed gland cell, the nucleus of which may often be dis¬ 
tinguished in the convexity of the cup near the point of attachment 
of the spiral thread. The straight, thread-like filament and the 
spiral, contractile filament are formed from an elongate cell, which 
is apparently a metamorphosed interstitial cell. If Samassa’s 
account is correct, it is obvious that there is no homology between 
the lasso-cell, composed as it is of two metamorphosed cells, and 
the nematocyst which is the entoplastic product of a single cell. 

All the Ctenophora are monoecious, the ova and spermatozoa 
being formed from the endodermic epithelium lining the sub-costal 
meridional canals. The ova are developed on one side, the 
spermatozoa on the other side of each canal. In the sub-sagittal 
canals the ova are borne on the sides nearest to the sagittal plane, in 
the sub-transverse canals they are borne on the sides nearest to the 
transverse plane. In Pleurobrachia and Hormiphora, as in the 
Cydippidae generally, the ovaries and spermaries are simply 
paired outgrowths from the walls of the meridional canals, and 
extend as two long bands throughout the entire length of each. 
As a rule, all the eight meridional canals bear gonads in the 
Ctenophora, but in Euchlora rubra and Charistephane fugiens the 
gonads are formed only in the four sub-transverse canals. In the 
Lobatae and Beroidae the gonads, whilst occupying the typical 
position, are somewhat modified in detail. In the former group 
the meridional canals are produced laterally to form diverticula 
underlying each comb. In Eucharis multicornis and Bolina alata 
the ova and spermatozoa are found in these diverticula only, but 
in Deiopea and Bolina hydatina the diverticula are sterile, the 
reproductive cells being confined to the sections of the meridional 
canals which lie between successive combs (Fig. III. 8 and 9). 
In the Beroidae the meridional canals are produced laterally into 
short, branched diverticula in which the sexual cells are developed 
(Fig. X.). 

The ova in most cases are deposited singly and are fertilised 
in the sea-water. The breeding season in Northern seas lasts 
through the summer months, in the Mediterranean throughout the 
year. The ovum is centrolecithal, consisting of an inner vacuolated 
mass surrounded by a layer of granular protoplasm. It is enveloped 
by a vitelline membrane rather widely separated from the surface of 
the egg, the space between being filled with a gelatinous substance. 

The most interesting feature in the development of the Cteno¬ 
phora is the formation of a definite mesoblast. We owe this 
important discovery to Metschnikoff (18), whose observations 
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have been confirmed in all essential particulars by the unpublished 
researches of Mr. T. H. Eiches. The segmentation is holoblastic. 
By three successive meridional cleavages the ovum is divided int-o 
eight blastomeres, in each of which the granular protoplasm is 
aggregated at one pole, the vacuolar deutoplasm at the other 
pole (Fig. lY. 2). By an equatorial division a portion of the 
granular protoplasm is next segmented off from the upper pole 
of each blastomere, the embryo now consisting of eight upper 
protoplasmic micromeres and eight large inferior macromeres (3). 
The succeeding divisions lead to increase of the number of micro¬ 
meres which are formed partly by continued budding off of small 
cells from the four macromeres, partly by division of the eight 
micromeres first formed. When some thirty to fifty micromeres 
are present the macromeres cease to bud off fresh micromeres and 
themselves divide. Eeference to Fig. lY. 4 shows that the eight 
macromeres are not all of equal size. There are four larger macro¬ 
meres, median and inferior, and four smaller macromeres, lateral 
and superior. The median macromeres divide first, the lateral 
somewhat later, and this sequence is followed through the suc¬ 
ceeding steps of development. In the next stage (6) the embryo 
is ring-shaped, consisting of a circlet of sixteen macromeres 
surrounding a central cavity widely open both above and below. 
On one aspect, which we may at once call the aboral aspect, the 
macromeres are covered over by the continually increasing cap 
of micromeres. The micromeres at this stage show a four-rayed 
symmetry, and on the aboral aspect they surround a cross-shaped 
opening, the pseudoblastopore, erroneously described by Chun (6) 
as the blastopore. The micromeres spread more and more over 
the surface of the macromeres and extend towards the lower 
surface. The next stage leads to the formation of the mesoblast. 
The nuclei of the sixteen macromeres, which at first were situated 
near the aboral pole, travel towards the opposite pole (7). The 
micromeres meanwhile have increased in number, the size of the 
pseudoblastopore is decreased, and there is at the lower pole a 
roughly quadrilateral area bounded by micromeres which is the 
true blastopore. Next follows a fresh division of the macromeres; 
first the eight median, later the eight lateral macromeres bud off 
each a small cell at the blastoporic pole, thus there is formed a 
median group of sixteen cells, which are the mesoblast. The 
three germ layers are now established. The micromeres form 
the epiblast, the macromeres the hypoblast, and the sixteen cells 
above mentioned are the mesoblast. Thus far the embryo has 
been formed by epibolic growth of the epiblast over the hypo¬ 
blast. This is now succeeded by a process of embole. The 
macromeres are rotated in such a manner that their previously 
lower ends face inwards, their previously upper ends face out- 
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wards. As a result of this change of position a central cavity, 
the enteron, is formed, and the mesoblast cells are carried 

Fig. IV.—Development of Callianira bialata (after Metschnikoff)* 

1. —Ovum surrounded by the vitelline membrane. 
2. —Stage with eight blastomeres. 
3. —Side view of a stage with sixteen blastomeres, eight larger macromeres, mac, and eight 

smaller micromeres, mic. 
4. —A similar stage viewed from above. 
5. —Side view of a later stage ; the micromeres have increased in number, and the macro- 

meres are beginning to divide. 
6. —Aboral surface of an older embryo. The micromeres form a four-rayed plate, covering 

the upper surfaces of the macromeres and surrounding a cross-shaped cavity, the pseudo¬ 
blastopore, pbl. 

7. —Vertical section of the same embryo as the preceding, showing the large macromeres 
covered by the micromeres, except in the regions of blastopore, bl, and pseudoblastopore, psb. 
The nuclei of the macromeres are now at the blastoporic pole. 

8. —Oral surface of an older embryo, bl, blastopore ; Tries, mesoblast plate; ec, ectoderm ; 
en, endoderm. 

9. —Vertical section of an older embyro showing invagination. Tries, mesoblast; the pseudo¬ 
blastopore is closed. 

10. —An embryo somewhat older than 9. 
11. —A later stage showing the stomodaeum, st, the enteron, eTit, and the mesoblast, mes, 

which is spreading out as a plate on either side beneath ectodermic thickenings, which are the 
primordia of the tentacles. 

12. —Aboral view of a somewhat later stage, showing the cross-shaped mesoblast plate. 
ww, wandering cells of the mesoblast. 

13. —Vertical section in the transverse plane of an embryo in the same stage as 12. so, sense 
organ ; mes, mesoblast; tr, primordium of the tentacle ; eTit, enteron ; st, stomodaeum. 

14. —A later stage, tt, tentacles ; mt, contractile muscles of the tentacles formed from the 
mesoblast; Tns, mesenchymatous cells derived from the wandering cells of the mesoblast 
shown in 12. 

upwards from the blastoporic towards the pseudoblastoporic pole 
(9). According to Eiches, the pseudoblastopore is closed before 
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invagination by concrescence of the epiblast at the upper pole, 
and the embryo is now a gastrula (10). A secondary invagination 
of the ectoderm gives rise to a stomodaeum, and the mesoblast 
cells travel to the aboral pole and spread out beneath the ectoderm 
to form a plate of cells from which all the muscles of the body are 
eventually developed. The tentacles are first seen as thickenings 
of the ectoderm in the transverse plane, to which two plates of 
mesoblast attach themselves. The mesoblast plates extend not 
only in the transverse, but also in the sagittal plane, so that a 
cross-shaped figure is formed, the exact significance of which is' 
not known (12). It is supposed by some that it is an indication 
of the existence of sagittal tentacles in the ancestral Ctenophore. 
The sense body is formed from an epiblastic thickening at the 
aboral pole. The further stages of development can be understood 
by reference to Fig. IV. 13, 14, and the reader is referred to 
MetschnikofF’s and Chun’s works for details. 

All the Ctenophora reproduce themselves sexually. There is 
no alternation of generations. In the Cydippidae and Beroidae 
development is direct, but in the Lobatae and Cestidae there is a 
metamorphosis. The larvae of these forms are cydippiform and 
only gradually acquire their adult characters. In connection with 
this metamorphosis a peculiar sequence of juvenile fertility, 
adolescent sterility, and adult fertility has been observed in the 
Lobatae, and has been named by Chun, its discoverer, Dissogony. 
In the warm months the cydippiform larvae of Eucharis muUicornis 
and Bolina hydatina, as soon as they have escaped from the egg 
membranes, and whilst they are only some *5 - *2 mm. in diameter, 
become sexually mature and develop ova and spermatozoa in the 
four sub-sagittal meridional canals. The ova are fertilised and give 
rise to fresh cydippiform larvae. In the parent larva, after a brief 
period of sexual activity, the gonads degenerate and a barren period 
succeeds, during which the larva goes through a complicated meta¬ 
morphosis. At the end of the metamorphosis the animal, now 
much larger and indued with the full characters of a lobate Cteno¬ 
phore, becomes a second time sexually mature, gonads being 
developed in all the eight meridional canals (see Chun, 8). 

With few exceptions zoologists, since the time of Eschscholtz, 
have been agreed in ranking the Ctenophora as a class of the 
Coelentera, although much evidence has been brought forward 
of late years to show that they have decided afiinities with 
Platyhelminthes, particularly with the Polyclada (see Lang, 17). 
The polyclad affinities of Ctenophora are regarded as tending to 
prove that the Polyclada are descended by way of the Cteno¬ 
phora, or, at least, by way of a Ctenophore-like ancestor, from the 
Coelentera. Such an argument implies that the Ctenophora are 
indubitably Coelentera. 
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The characters of the Ctenophora which are relied on as 
evidence of their Coelenterate nature are as follows :—1. The 
existence of a gastrovascular system, and the absence of a separate 
body cavity or coelom. 2. The general shape and architecture of 
the body, its radial symmetry, and the existence of an abundant 
gelatinous material between the two primary layers—the ecto¬ 
derm and endoderm. 3. The presence of tentacles, which are 
likened to those of a Medusa. 4. The position of the gonads, and 
the derivation of the sexual cells from the endoderm. 5. The exist¬ 
ence of a sub-epithelial nerve plexus resembling that of Medusae. 
6. The supposed homology between lasso-cells and nematocysts. 
7. The absence of nephridia. In a more special manner it has 
been sought to compare the Ctenophore directly with a Medusa 
or with an Anthozoan zooid. Thus the general surface of the 
Ctenophoran body has been homologised with the exumbrellar 
surface of a Medusa; the stomodaeum with the sub-umbrellar cavity ; 
the gelatinous mesoderm of the one with the mesogloea of the other; 
the gastrovascular canals with the radial canals; the Ctenophoran 
tentacles with the marginal tentacles of the Medusa. These homo¬ 
logies appeared at one time to be established beyond all cavil by 
the discovery of Ctenaria ctenophora, a Cladonemid Anthomedusa, 
described by Haeckel (12) as a form directly intermediate between 
the -Hydromedusae and the Ctenophora.^ Ctenaria (see Fig. Y.) 
is an ovoid Anthomedusa, with a relatively small sub-umbrellar 
cavity, the aperture of which is still further diminished by the velum. 
The mouth opens at the end of a manubrium, and is surrounded by 
a circlet of sixteen oral tentacles. The gastral cavity is divided 
by a constriction into an upper and a lower moiety, the former 
of which is homologised with the infundibulum of Ctenophora. 
From the lower moiety four perradial gastrovascular canals are 
given off, each of which bifurcates to form two adradial canals. The 
eight adradial canals thus formed are connected round the margin 
of the umbrella by a ring canal. There are two perradial marginal 
filamentous tentacles beset with accessory filaments. At the base 
of each tentacle is a pocket-like cavity in the exumbrella, lined by 
batteries of nematocysts ; it is doubtful whether the tentacles are 
retractile within these pouches. On the surface of the exumbrella 
are eight adradial meridional ridges, made up of nematocyst 
batteries. There is no apical sense organ, and the gonads are 
borne, as in all Anthomedusae, on the manubrium. The 
resemblance of Ctenaria to the Ctenophora is quite superficial. 
One has only to compare the eight nematocyst stripes of the one 
with the highly specialised ciliated costae of the other to see their 

^ ‘ ‘ Eine neue hochst interessante pacifische Form, Ctenaria ctenophora^ welche 
ich als eine unmittelbare Uehergangsform von Gemmaria-ahnlichen Anthomedusen 
zu Cydippe-ahnliclien Ctenophoren auifassen muss.” 
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essential difference, and, for the rest of it, nematocysts do not 
occur in the Ctenophora.^ The sub-umbrella cannot he compared 
either in its development or in its adult relations to a stomodaeum. 
There is a superficial resemblance between the gastro-vascular 
system of the two forms, but even if we pass over the absence 
of anything representing the manubrium and oral tentacles in 
Ctenophora, we find an essential difference in that the endoderm 
lamella, in which the radial canals of the Anthomedusan are 

Fig. V. 

Ctenaria ctenophora, Haeckel. -A, side view; B, two horizontal views, that to the left 
representing the surface of the aboral hemisphere, that to the right a section passing nearly 
equatorially. a, the‘right adradial ridges of nematocysts; h, mesogloea of the umbrella; 
c, circular muscle of the umbrella; d, longitudinal muscles of the umbrella; e, the gastral 
cavity ; /, the sixteen oral tentacles ; g, the four perradial gonads borne on the manubrium ; 
h, the four perradial gastrovascular canals ; i, the eight adradial bifurcations of the preceding ; 
h, ring canal at the umbrellar margin ; I, velum ; m, pocket-like cavities in the exumbrella 
situated at the bases of the tentacles and lined with nematocysts ; n, the tentacles ; o, the 
upper moiety of the gastral cavity, called by Haeckel the infundibulum. 

hollowed out, is entirely unrepresented in the Ctenophora. Nor 
is there any ring canal in the latter group. The tentacles of 
Ctenaria are lined by endoderm, their musculature is epithelial; 
the tentacles of Ctenophora have a solid axial cord of muscular 
fibres derived from mesoblast. The sub-tentacular pouches of 
Ctenaria correspond neither in position nor in their relations to 
the tentacles to the tentacular sheaths of Ctenophores, and the 
existence of such nematocyst pouches, as well as the existence of 
only a single pair of perradial tentacles, is paralleled in other 

^ With one exception. 
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Medusae which are not endowed with superficial Ctenophore-like 
characters. The so-called infundibulum of Ctenaria proves to be a 
brood pouch similar to that in the allied Eleutheria, and the Medusa 
is devoid of any trace of the aboral sense organ so characteristic 
of the Ctenophore. The position of the gonads is also different 
in the two forms. The gelatinous tissue and the musculature of 
the Ctenophora are mesoblastic, in the Anthomedusan they are 
ectodermal in origin. Add to this the fact that the locomotion of 
the Ctenophora is essentially ciliary, that of the Medusae muscular, 
that the symmetry of the one group is radial, whilst in the other 
it is biradial, and it must be conceded that the Medusoid affinities 
of the Ctenophora are untenable. 

A comparison of the Ctenophora with the Anthozoa offers more 
satisfactory grounds of homology. The ciliated ectoderm of the 
Anthozoa might possibly be the antecedent of the specialised 
ciliated bands which form the costae of the Ctenophora. The 
stomodaeum of the Ctenophora and Anthozoa may fairly be 
homologised. In both cases it is compressed in a plane which is 
known as the sagittal plane, and in both cases the gastrovascular 
system exhibits a biradial symmetry with regard to that plane. 
Further evidence is afforded by the comparison of developmental 
stages. In both the Anthozoa and the Ctenophora there is a stage in 
which the gut is produced into four saccular pouches, so that the 
embryo has a four-rayed symmetry. This condition, which is 
typical in the Ctenophora, is best seen in the young Arachnactis 
amongst the Anthozoa, but may also be distinguished in the larvae 
of Actinidae. It would be idle to deny the significance of these 
features, but it must be recollected that the Ctenophora have many 
features peculiar to themselves. The costae and their combs, though 
doubtless a specialisation of a primitively uniformly ciliated surface, 
are characteristic of Ctenophora; so is the aboral sense organ, 
to which there is no parallel in Anthozoa. The solid muscular 
tentacles of the Ctenophores cannot be homologised with the 

• hollow tentaoles of the Anthozoan. There is no epithelio-muscular 
system in Ctenophora, and the musculature differs both in origin 
and in structure from that of Anthozoa, and indeed all other 
Coelentera. The nematocysts so characteristic of Coelentera are 
replaced in Ctenophora by the lasso-cells, structures of an entirely 
different nature. 

Finally, there are those who would question whether any 
animals possessing a mesoblast can properly be called Coelentera. 
The Coelentera, as originally defined by Leuckart, are animals 
in which there is no body cavity or coelom separate from the 
digestive cavity or enteron; the two being represented by a 
single cavity, the gastrovascular cavity or coelenteron. According 
to this definition the Ctenophora are certainly Coelentera. In 
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typical Coelentera one or other of the two primary layers, 
ectoderm or endoderm, retains the functions which in Coelomata 
are handed over to mesoblast. Hence we find epithelio-muscular 
cells derived chiefly from ectoderm in Hydrozoa, chiefly from 
endoderm in Anthozoa. The researches of Metschnikoff, confirmed 
by Samassa, have shown that a mesoblast is formed in the 
Ctenophora, that there is no epithelio-muscular system, but that 
the musculature is wholly derived from the mesoblast. At the 
same time it must be duly borne in mind that “mesoblast” is 
nothing more than an embryological segregation of those cells 
derived in Coelentera or Diploblastic animals from one or both of 
the primary germ layers which are in Coelomata destined to give 
rise to the coelom and the tissues of its walls. Greater weight 
must be attached to the presence of the gastrovascular system in 
Ctenophora than to the embryonic exhibition of “ a mesoblast.” 

Fig. VI. 

Ctenoplana Kowalevslcii, Korotneff (after Willey), tt, tentacles; tsh, tentacle sheaths; 
ctr, sub-transverse costae ; css, sub-sagittal costae; st, “stomach” (? stomodaeum), 1, 3, 3, 4, 
the four principal lobes of the infundibulum; pf, sensory tentacles representing the polar 
fields ; pg, pigment spots. 

The affinities of the Ctenophora with the Polyclada remain 
to be considered. These afiinities, first suggested by Selenka on 
embryological grounds, were rendered more probable by the 
discovery of Coelojplana Metschnikoffii, a form supposed to be 
intermediate between Planarians and Ctenophora, and were urged 
with considerable force by Lang (17). The discovery of Cteno¬ 
plana Kowalevskii, an animal allied to Coeloplana, by Korotneff (14) 
served to confirm this view. 

Ctenoplana has recently been rediscovered by Willey (22), 
who has given a more exact account of its habits and anatomy 
than Korotneff w^as able to do. It is a Ctenophore, flattened so 
much that the principal axis joining mouth and sense organ is 
extremely short. Hence one can distinguish a dorsal or aboral 
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and a ventral or oral surface. It has eight very short ribs with 
the characteristic combs, which can be withdrawn into or evagin- 
ated from pouch-like cavities in the body wall. There is a single 
pair of pinnate tentacles retractile within tentacle sheaths; the 
tentacles are solid and muscular. In the centre of the aboral 
surface of the body is a sense organ, consisting of an otolith mass 
suspended by stiff cilia, and two crescentic rows of ciliated ten¬ 
tacles or papillae, which are evidently homologous with the polar 
fields, and recall the lappet-like processes of the edge of the polar 
fields of the Beroidae (Fig. X. jt?/). The mouth is circular and 
leads into a “ stomach,” which is compressed in the sagittal plane; 
it is not known whether the “ stomach ” is a stomodaeum. An 
infundibular vessel passes from the aboral end of the stomach 
towards the sense organ, which it embraces without opening to 
the exterior. From each of the two flattened sides of the 
stomach a narrow canal, lying in the transverse plane, leads into 
a pair of saccular lobes, and from these numerous diverticula are 
given off forming a peripheral canal system. These peripheral 
canals may be compared with the canals of the lobes of Lobatae. 
The testes are situated at the bases of the two saccular lobes at 
either end of the main transverse canal of the gastrovascular 
system, and they have ducts which open to the exterior just below 
the costae. The ovaries have not been observed. Ctemplana 
either swims by means of its combs, or crawls on the bottom by 
its ventral surface. It can also attach itself, like a Planarian, 
ventral surface uppermost, to the surface film of the water. Its 
body is thickened in the transverse plane, and the sagittal margins 
are produced into two thin rounded lobes. In swimming the 
lobes are folded together like the leaves of a book. It should be 
noticed that the lobes of Ctenoplana correspond in position with 
those of the Lobatae. The ventral surface of Ctenoplana is ciliated, 
but, excepting for the costae and sensory tentacles, there are no 
cilia on the dorsal surface. 

Unfortunately we have only a meagre account of the anatomy 
of Coeloplana. It appears, in general, to resemble Ctenoplana, but 
has no costae, and the whole surface of the body is uniformly 
ciliated. Both Ctenoplana and Coeloplana have been said to exhibit 
remarkable Planarian affinities because of their dorso-ventrally 
flattened bodies, their crawling habits, and the ciliation of the 
ectoderm, partial in the case of Ctenoplana, complete in the case of 
Ceoloplana. Not much weight can be attached to these characters. 
Habit is a very insecure guide to affinity. One of the Cydippidae, 
Lampetia pancerina, crawls on its oral surface, everting the stomo¬ 
daeum so as to form a broad creeping surface. The flattened 
bodies of Ctenoplana and Coeloplana are clearly correlated with the 
adoption of the creeping habit already foreshadowed in Lampetia. 
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A tendency towards dorso-ventral compression is not unknown in 
typical Ctenophora, for in Deiopea (Fig. VIII.) the main axis is 
considerably shortened and the sagittal axis lengthened by the 
development of the lobes. Ctenoplana is an undoubted Ctenophore 
modified as a result of the assumption of creeping habits. It 
still retains the power of swimming, and has not lost the typical 
Ctenophoran costae. Coeloplana is still more modified and has lost 
the costae. The features in which Ctenoplana differs most from 
Ctenophora are: the absence of meridional sub-costal canals, and 
as a consequence the development of gonads in a more proximal 
part of the gastrovascular system; the presence of genital ducts 
and the presence of a peripheral canal system, which, however, is 
paralleled in the Beroidae and Lobatae. Whilst there can be no 

Coeloplana Metschnilcoiuii (slightly altered from Kowalevsky). o, mouth; d, cavity of the 
digestive canal; i, islets of tissue; c, circular canal; d', one of the four diverticula of the 
digestive canal; ss, csecal oifsets of the digestive canal, terminating in crescentic enlargements 
about the otolith sac; ot, vesicle with a group of otoliths ; ts, tentacle sheaths; to, muscular 
fibre of tentacles. 

doubt that Ctenoplana is a Ctenophore, and not very distantly 
related to the other members of the group, it is a question whether 
it is a primitive or a much specialised form. Willey (22) is 
decidedly of the opinion that it is primitive. He sees in it the 
representative of the littoral ancestor from which both the pelagic 
Ctenophora and the Platyhelminthes have been derived. In point 
of fact we have no evidence as to whether Ctenoplana or Coeloplana 
are primitive or derived forms; such evidence can only be furnished 
by their development and larval history, which are unknown. If 
Ctenoplana should prove to have a cydippiform larva like the 
Cestidae and Lobatae, then there can be no doubt that it is a 
derived form; if it should prove to have a direct development 
without a metamorphosis, then the probability will be that it is a 
primitive form. In the present state of our knowledge it cannot 
be said that the existence of Ctenoplana and Coeloplana gives any 
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satisfactory evidence of the relationship of Platyhelminthes to 
Ctenophora, still less of the descent of the former group from the 
latter. The most that can be said is that Ctenoplana and Coeloplana 
afford an interesting suggestion as to how the Polyclada might 
conceivably have been derived from a Ctenophore-like ancestor. 
But whilst we decline to attach very much importance to the 
resemblance between Ctenoplana and the Polyclada, we cannot 
ignore other points of resemblance between the Ctenophora and 
the Platyhelminthes. The earlier stages of segmentation, the 
formation of the gastrula, the outgrowth of the primitive mesoderm 
cells into four mesodermal bands placed crosswise, and the forma¬ 
tion of the mesenchymatous mesoderm from these bands, are 
features in which the young Polyclad resembles the young Cteno- 
phore in a remarkable degree. The gelatinous mesoderm of 
Ctenophora, with its layers of longitudinal, transverse, and 
radiating branched muscle fibres, most nearly resembles the 
mesenchyme of Turbellarian worms, and the ciliated larvae of 
many Platyhelminthes, more particularly the Pilidium larva of 
Nemertines and the larva of Stylochus pilidium, with its uniform 
coat of cilia, its aboral sense organ, its stomodaeum or pharynx, 
and its enteron lined with endoderm cells, are most suggestive of 
the hypothetical ancestor from which both the Turbellaria and 
the Ctenophora may have originated. The conclusion is that the 
Turbellaria, the Nemertines, and the Ctenophora are descended 
from a common ancestor which is most nearly represented by the 
larva of Stylochus. Such an ancestor would be spherical or hemi¬ 
spherical in shape, would have an aboral sense organ consisting of 
a plate of thickened ectoderm provided with long stiff cilia. The 
line joining mouth and sense organ would be the chief axis of the 
body. The digestive tract would consist of a stomodaeum and a 
more or less spacious sacculated enteron, and would be surrounded 
by a mesenchymatous tissue consisting of a gelatinous matrix 
traversed by branched muscular fibres, derived from a special germ 
layer, the mesoblast. Such an ancestor would itself be a Coelen- 
terate and have been derived from a Coelenterate ancestor, and 
very probably from a form resembling the early larvae of Actinians. 

The Ctenophora are classified as follows :— 

Class Ctenophora. 

Sub-Class 1. Tentaculata. With tentacles. 

Order 1. Cydippidea, Lesson. 

Ctenophora of spherical, cylindrical, or compressed form, with two 
simple or branched tentacles retractile within tentacular sheaths. The 
meridional and stomodseal canals end blindly, and are not produced into a 
peripheral canal system. 

26 
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Family 1. Mertensidae. The body compressed in the sagittal 
plane. Sub-transverse costae longer than the sub-sagittal. Sub-Family 1. 
Mertensinae. The aboral pole devoid of processes! Genera—Euchlora^ 
Chun; Gharistejphane^ Chun. Sub-Family 2. Callianirinae. Body 
produced at the aboral pole to form two or four processes, into which the 
aboral ends of the meridional canals extend. Genera—CaUianira, Peron, 
with two processes ; Lophoctenia, Bourne { = Beroe, Mertens),^ with four 
processes. Family 2. Pleurobrachiidae. Body circular in section, 
Costae of equal length. Genera—Pleurobrachia, Fleming ; Hormiphora. 
L. Agassiz ; Lampetia^ Chun ; Euplokamis, Chun. 

Order 2. Lobata. 

Body compressed in the transverse plane. The sagittal areas of the 
body produced to form two more or less extensive peristomial lobes. 
The ends of the sub-transverse costae produced into four lappets or 

Deiopea kaloktenota, Chun, from the transverse aspect, m, mouth; st, stomodaeum; i, 
infundibulum; css, sub-sagittal costae ; ctr, sub-transverse costae; au, auricles ; tt, accessory 
tentacles; Ic, serpentiform lobular canals; zz, points where the lobular canals communicate 
with the sub-transverse, meridional canals ; pp, papillae. 

auricles on which the combs extend. The eight ciliated grooves are con¬ 
tinued over the whole length of the costae. Sub-sagittal costae longer 
than the sub-transverse. Transverse gastrovascular canals obsolete, a pair 
of canals being given oif from either side of the infundibulum. Meridional 
and stomodseal canals communicate with one another by means of prolonga¬ 
tions of the latter, and from these connecting vessels serpentiform diver¬ 
ticula are given off into the sagittal lobes. Tentacular sheaths absent. 
Tentacles in the form of numerous accessory filaments situated in grooves 
which extend from the mouth to the bases of the auricles. 

Family 1. Lesueuridae. The sagittal lobes rudimentary ; auricles 
long and ribbon-like. Genus—Lesueuria, M. Edwards. Family 2. 

^ The four-crested Callianirid, to which I have given the name Lophoctenia, was 
discovered by Mertens in 1833, and was named by him Beroe. As this generic name 
belongs to another form it cannot be retained, and since no other has been suggested 
I have renamed Mertens’s form Lophoctenia {\6<pos, a crest, and ktcIs, a comb). 
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Bolinidae. Sagittal lobes of moderate size; lobular canals simple; 
auricles short. Genera — BoUna, Mertens; BoUnopsis, L. Agassiz ; 
Hapalia, Eschscboltz. Family 3. Deiopeidae. Body much compressed ; 
lobes of moderate size, with lobular vessels more complicated than in 
Bolinidae ; auricles short; costae comprise very few, but very broad 
combs. Genus—Dewpea, Chun. Family 4. Eurhamphaeidae. Two 

wing-like projections at the aboral pole in which the sub-tentacular costae 
and meridional vessels are produced. Genus—Eurhamphcea^ Gegenbauer. 
Family 5. Eucharidae. Lobes large, wdth complex lobular canals ; 
body covered with elongate touch-papillae ; a main tentacular filament 
present, as well as accessory filaments ; above the tentacle bases are a 
pair of openings which lead into elongate blind sacs lying in the sagittal 
plane and ending blindly in the neighbourhood of the infundibulum. 
Genus—Eucharis, Eschscboltz. Family 6. Mnemiidae. Lobes large ; 
the lobes and auricles spring from near the level of the infundibulum ; 

Fig. IX. 
Cestus veneris, Lesueur. m, mouth; tsh, tentacle sheath ; cl, c^, c5, c8, the four rudimentary 

sub-transverse costae ; c2, c3, c6, c7, the four large sub-sagittal costae st‘^, siS, st^, the four 
sub-transverse, meridional canals which communicate at xX, x^, with the sub-sagittal canals. 

Bang. ; Mnemiopsis, L. Agassiz. Family 7. Calymmidae. Body much 
compressed ; lobes large, springing from the level of the infundibulum ; 
costae nearly horizontal. Genus—Calymma, Eschscboltz. Family 8. 

OcYROiDAE. Lobes of great length, with relatively small attachments to 
the body ; costae horizontal. Genus—Ocyroe, Kang. 

Order 3. Cestoidea, Lesson. 

Ctenophora so much compressed in the infundibular plane as to be 
band-like. The sub-sagittal costae extend over the whole length of the 
aboral surface ; the sub-transverse costae rudimentary. The sub-transverse 
meridional canals run down the middle of the band-like body and unite 
with the ends of the long sub-sagittal and stomodaeal canals. Tentacle 
sheath and tentacle basis present, but no main tentacle ; accessory tentacles 
lie in four tentacular grooves which extend, on the oral surface, from the 
mouth to the extremities of the band-like body. Gonads developed only 
in the sub-sagittal canals. Family Cestidae. Genera—Gestm, Lesueur; 
Vexillurrij Fol. 
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Order 4. Platyctenea. 

Ctenophora of creeping habit; the body flattened in the principal axis 
so that a dorsal can he distinguished from a ventral surface. No meridional 
sub-costal canals, but a system of anastomosing peripheral vessels. Costae, 
when present, retractile within ectodermal pouches. Genera—Gtenojplana, 
Korotneff, costae present; Coelo'plana, Kowalevsky, costae absent; the 
whole surface ciliated. 

Fig. X. 

Beroe Forskalii, Chun, from the sagittal aspect, m, mouth; i, infundibulum; so, sense 
organ; p/, papilliform processes of the polar fields; stc, stomodseal canal; me, meridional 
canals; ov, ovaries; sp, spermaries. The peripheral canal system is seen extending over the 
entire surface. 

Sub-Class 2. Nuda. Tentacles absent. 
« 

Order Beroidea, Lesson. 

Family Beroidae. Elongate, conical, or ovoid Ctenophora com¬ 
pressed in the infundibular* plane, with wide mouth and spacious stomo- 
daeum. The otolith mass is uncovered, the polar fields surrounded by 
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branclied papillae. Tentacles and tentacle sheaths absent The meridional 
canals unite with the stomodaeal canals in the region of the mouth and 
send out diverticula, which anastomose to form a peripheral network of 
canals extending all over the body. Genus—Beroe, Brown. 
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aboral pole, 2 
Actinians, 19 
Agassiz, A., 2 
Agassiz, L., 2 
Alcinoe, 21 
Allman, 2 
ampullae, 4 
Anthomedusae, 13 
Anthozoa, 15 
Arachnactis, 15 
axis, 2 

balancers, 5 
balancing organ, 6 
Beroe, 23 
Beroidae, 6, 22 
Bethe, 5 
blastopore, 10 
Bolina, 9, 12, 21 
Bolinidae, 21 
Bolinopsis, 21 
breeding season, 9 
Brown, P., 1 

Callianim, 20 
Gallianirinae, 20 
Calymma, 21 
Calymmidae, 21 
CestidcLe, 6, 21 
Gestoidea, 21 
Gestus, 21 
Chamisso, 2 
Gharistepham, 9, 20 
Chun, 2, 8, 10, 12 
Coelentera, 12, 16 
Goeloplana, 16-19, 22 
combs, 2, 6, 17 
costae, 2, 6 
Gtenaria, 13, 14 
ctenes, 2 
Gtenoplana, 16-19, 22 
Gydippidae, 6 
Gydippidea, 19 

Delopea, 9, 17, 21 
Delopeidae, 21 
development, 9-12 
Dissogony, 12 

Eleutheria, 15 
embole, 10 
embryo, 10 
enteron, 4, 19 
eolidiform appendages, 8 
epiblast, 10 
epithelium, 8 
Eschscholtz, 2 
Eucharidae, 21 
Eucharis, 9, 12, 21 
EuchZora, 9, 20 
Euplokamis, 20 
Euramphaea, 21 
Euramphaeidae, 21 
excretory pores, 4 

Fol, 2 

Gaimard, 2 
gastrovascular canals, 4 
— cavity, 15 
gastrula, 12 
Gegenbauer, 2 
gelatinous matrix, 8 
gland cells, 8 
gonads, 4, 9 

Haeckel, E., 13 
Sapalia, 21 
Hertwig, E., 5 
histology, 8 
Hormiphora, 2, 20 
hypoblast, 10 

Infundibulum^ 2 
interstitial tissue, 8 

Kolliker, 2 

Korotneff, 16 
Kowalevsky, 2 

Lampetia, 17, 20 
Lang, A., 12, 16 
larvae, 12 
lasso-cells, 8 
Lesueur, 2 
Lesueuria, 20 
Lesueuridae, 20 
Leuckart, 2, 15 
Lohatae, 6, 20 
locomotion, 6, 
Lophoctenia, 20 

macromeres, 10 
Martens, F., 1 
Medusae, 13 
Mertensidae, 20 
Mertensinae, 20 
mesenchyme, 19 
mesoblast, 9, 10 
metamorphosis, 12 
Metschnikoif, 2, 9, 16 
micromeres, 10 
Mnemia, 21 
Mnemiidae, 21 
Mnemiopsis^ 21 
mouth, 2 
musculature^ 8 

Nemertines, 19 
nephridia, 13 
nerve stimuli, paths of, 6 
nervous system,^ 5 
Nuda, 22 

Ocyroe, 21 
Ocyroidae, 21 
oral pole, 2 
otoliths, 5 
ova, 9 
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Peron, 2 
Pilidium, 19 
Planarians, 16 
Platyctenea, 22 
Platyhelminthes, 12, 18,19 
Pleurobrachia, 2, 20 
Pleurohrachiidae, 20 
polar fields, 5 
Polyclada, 12, 16, 19 
pseudoblastopore, 10 

Quoy, 2 

ribs, 2, 17 
Riches, T. H., 10, 11 

sagittal plane, 3 
Samassa, 5, 6, 8, 9, 16 
Selenka, 16 
sense organ, 2, 4, 6, 12 
spermatozoa, 9 
stomach, in Coeloplana, 17 
stomodaeum, 2, 12, 19 
Stylochus, 19 
sub-costal canals, 4 
sub-sagittal canals, 4 
— organs, 3 
sub-transverse canals, 4 
— organs, 3 

tentacle stem, 7 
tentacles, 2, 6, 12 
tentacular base, 6 
— filaments, 8 
— plane, 3 
Tentaculata, 19 
transverse plane, 3 
— vessels, 4 
Turbellaria, 19 

Vexillumy 21 
Volvox, 1 

tentacle sheath, 7 Willey, 16, 18 
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