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Introduction.

The comparative study of the gill structure of the Lamellibranchia may be said to 
date from 1875. W illiams, it is true, had in 1854# published two papers on the 
subject, hut owing to the fact that the morphological relations of the gill lamellae to 
the gill axis and to other parts of the body were not then understood, and owing to 
the somewhat wild and fantastic mode of argument affected by this author, they 
cannot claim to be seriously regarded as the first important contribution to the 
literature of the subject. The few remarks on the different types of Lamellibranch 
gills made by Leuckart in 1848“ (p. 113), H ancock in 1853 (p. 290), and

* See alphabetical list of references, pp. 278-284.
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148 DR W. G. RIDEWOOD ON THE STRUCTURE OF THE

D i i v e r n o  Y in 1854 (p. 37) are of interest only from an historical point of view, and 
do not come within the range of the modern treatm ent of the subject; and the 
excellent figures and remarks on gill structure made by Deshayes in 1844-1848 
cannot claim to be considered in the present connection, being purely descriptive 
and not comparative.

It was P osner who first attempted a systematic investigation of the subject, 
and in his memoir of 1875 lie discussed, not very astutely, the minute structure of 
the gills of Anodonta and eleven other genera of bivalve Mollusca. Some fifteen 
months later P eck, who in 1875, independently of P osner’s work, had commenced a 
similar investigation, published his important observations on the gills of Area, 
Mytilus, Dreissensiaand Anodonta. It was this paper which first placed the com­
parative study of the gills upon a sound basis. The investigation was conducted 
in the laboratory of Professor R ay Lankester and under his direction, and the 
working hypothesis around which the paper was written, and which has stood the 
test of time ever since, was, as the author explains, supplied by Professor Lankester. 
An adequate terminology was propounded for the grosser and finer parts of the gill, 
and this terminology remains in general use at the present day.

In the same year (1877) Bonnet produced his dissertation on the gills of Area, 
Mytilus, Venus, Ostrea,Anodonta, Unio,Pinna and Pecten, and in the following 
year there appeared an unsatisfactory paper by Sluiter, treating of the genera 
Mytilus, Donax, Mactra, Mya, Venus, Ostrea, Solen and Anodonta.

Mitsukuri, in 1881, sustained in some measure the interest in the subject by the 
publication of his excellent account of the structure of the gills of A and Yoldia,
together with some general observations on tbe evolution of gills in the Lamelli­
branchia from these primitive forms; and in the same year H aren-Norman 
described and compared the gills of Pecten, Lima, Area, and
Astarte. The study received a fresh impetus in 1888, and during the six years 
1888 to 1893 many important contributions were made by P elseneer, Dale, Mene- 
g a t j x , Kellogg and J anssens.* The first-named of these authors produced in 1892 
that classification of the Lamellibranchia, based largely on their gill structure, which 
has remained more or less in favour ever since, although in several of its details it 
has ceased to command confidence.

In 1894 Ball (14, pp. 692-697) made the startling announcement that the gills of 
Callocardia (a genus of the Eulamellibranchiate family Cyprinidte) and 

(a genus of the Verticordiidse) were of the Foliobranchiate type exemplified by 
or at least were intermediate between this and the Eulamellibranchiate type. This 
fact, if true, threatened the very foundations of P elseneer’s scheme of classifica­
tion, and pointed to the futility of any attempt to utilise tbe minute structure of the 
gill as a taxonomic character.

'flie interest in the subject being now more keen than ever, Professor Lankester

* See alphabetical list of references, pp. 278-284.
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GILLS OF THE LAMELLIBRANCHIA. 149

was moved to reopen the investigation which P eck had made in Ins laboratory, and 
with the aid ot a grant from the Royal Society the present exhaustive inquiry was 
instituted.

Three species ( Ostrea eclulis, Pectenopercular is and Avicnla, were fully
investigated by Mr. J. W. J enkinson, B.A., and nineteen more (
Kellya suhorhicularis, Tellina nitid.a,Mactra Tapes pullastra,
Petricola lithophaga, .Cardium edide,Tndacna Corbula
gibba, Cercitisolen legumen, Scixicava rugosa, Pholadidea papyracea,
Teredo navails,Pandora ineequivalris, Lyonsia and papyracea)
were examined, rather less fully, by Mr. R. E vans, M.A., B.Sc. The remarks on 
these species in the following pages are in large measure cidled from their notes, 
which were handed over to me by Professor Lankester in the spring of 1900, when 
he confided to me the further prosecution of the research.

Since that time 193 species have been examined, making with the foregoing 22 a 
total of 215 species, belonging to 118 genera. Professor L ankester has throughout 
watched the progress of the research. It is due to bis personal influence that 
much of the rarer material was obtained, and I have to thank him also for many 
fertile suggestions and much valuable advice.

Material.

The material has been furnished most liberally by zoologists in various parts of the 
world, and special acknowledgments are due, and on behalf of Professor Lankester and 
myself are hereby tendered, to Professor W. H. Dall, of the United States National 
Museum, for most of the Septibrancliia examined, for specimens of argentea,
Vesicomya stearnsi,Periploma sp., Eniodesmasaxicola, taylori,
cyrenoides and twenty-eight other species, and for the loan of slides of Verticordia, 
Euciroa and Cldamy do concha; to Dr. A. Alcock, of the Indian Museum, Calcutta, 
for specimens of Euciroa eburnca, AnatinaMactra
violacea, Crassatella indica, Lucina bengalensisand eleven others; and to Professor
P errier, of the Museum d’Histoire Naturelle, Paris, the late Mr. M. F. W oodward, 
of the Royal College of Science, London, Dr. A. W illey, and Mr. J. Stanley 
Gardiner. Many specimens were utilised from the collection of Mollusca in spirit 
at the Natural History Museum, London, and much well-preserved material was 
obtained from the collections made during the “ Skeat Expedition ” in Siam, 1900, 
and by purchase from the Zoological Station of Naples, and the Marine Laboratory of 
Plymouth. The identification of the unnamed specimens and the checking of those 
already provided with labels was kindly undertaken by Mr. E. A. Smith, of the 
Natural History Museum, London ; and the opportunity may here be taken to 
express the debt of gratitude which morphologists owe to the systematists, since 
anatomical comparisons are valueless unless the species studied are correctly named.
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Methods.

The methods of investigation naturally varied with the forms under examination. 
In the majority of cases the sections of the gill-lamellae were cut parallel to the axis 
of the gill. The whole lamella was cut into sections, and five or six slides were 
prepared by mounting thirty or forty consecutive sections selected from five or six 
different parts of the continuous ribbon. Sections cut parallel to the filaments were 
found useful for deciding special points of structure, in Mactra and Anodonta. 
The mode of section employed in the case of the Protobranchia and Septibranchia, 
and such aberrant genera as Euciroa and will be found explained in the 
pages devoted to a description of these forms. It was early found to be important 
not to rely too exclusively upon serial sections, since much that might escape 
notice, or be liable to an erroneous interpretation, can frequently be made out in 
dissected preparations, stained, clarified with clove oil, and mounted in Canada 
balsam. This applies particularly to the leaflets of the Protobranchia, isolated 
filaments of the Filibranchia showing the arrangement of the ciliated discs and inter­
lamellar junctions, isolated portions of the lamellae of the Eulamellibranchia showing 
the form of the water-pores, and isolated gill-vestiges of the Septibranchia. The 
staining fluids were in almost all cases borax-carmine and picro-nigrosin. By employ­
ing these in succession the chitinous framework of the gill is left blue, the cytoplasm 
bluish-purple, and the nuclei red.

Terminology. .

No radical change is here proposed with respect to the nomenclature of the parts 
of the Lamellibranch gill. P elseneer has already clearly demonstrated in his 
numerous writings the morphological identity of the ctenidia of the Lamellibranchia 
with those of other Mollusca, and has shown the error of regarding the Lamelli­
branchia as possessed of two gills on each side of the body. And P eck, many years 
before this, introduced a rational terminology for the constituent parts which still 
remains in use; its main features are incorporated in the following paragraphs.

The commonest type of gill in the Lamellibranchia is that which in section 
presents the form of the letter W (fig. I A). The outermost lines of the letter repre­
sent the ascending filaments,* the other two lines the descending filaments. The 

■ axis is situated along t lie top of the descending filaments at right angles to the
plane of section. The descending filaments depend from the axis in two regular 
series, each known as a descending lamella; the ascending filaments in a similar 
manner are units of the ascending lamellae.A descending lamella and its corre­
sponding ascending lamella together constitute a The demibranchs are

* Since each complete filament consists of a descending and an ascending portion, it would be more 
correct to speak of these as the descending and ascending portions of the filaments; but the conventional 
and very convenient abbreviation is so well established that no misunderstanding is likely to arise.
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GILLS OF THE LAMELLIBRANCHIA. 151

inner and o u t e r , lying towards the visceral mass and the mantle respectively. The 
space between the two lamellae of each demibranch is spoken of as the interlamellar 
cavity, and those edges of the filaments which are directed towards this space are 
interlamellar edges, the opposite edges incurrent or fronted ventral,
P elseneer, 71, p. 185).

Although the words descending and ascending as applied to filaments and lamellae

D E

Eig. 1._A, portion of a typical Lamellibranch gill, showing the descending and ascending lamellae of the
inner and outer demibranchs. B, portion of the gill of or showing the outer
demibranch upturned and consisting of a direct lamella only. C, D and E, middle portions of the 
anterior, middle and posterior thirds of the gill of The outer demibranch is wanting in the
first, it consists of an upturned direct lamella in the second, and of an upturned direct and a 
downwardly-directed reflected lamella in the third.

are so convenient and so familiar in writings on the subject, yet it will be necessary 
in certain cases (e.g-, Lyonsia. Scrobicularia) to substitute for them the words direct 
and reflected* since in these cases the outer demibranch is upturned, so that the 
normally descending lamella is in reality ascending (see fig. IB). In Lyonsia and 
S cro b ic u la ria  the reflected lamella of the outer demibranch is wanting, but in the 
hinder portion of the gill of Tellina it is present, and, owing to the upturning of the 
demibranch, is descending (fig. IE). It is interesting to note that in its anterior 
third (fig. lC) the gill of Tellina resembles that of since the outer demi­
branch is wanting; in its middle third (fig. ID) it is comparable with that of 

* The terms direct and reflechi were employed by Lacaze Duthieks as far back as 1856 (47, p. 12).
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152 DR. W. G. RTDEWOOD ON THE STRUCTURE OF THE

Lyonsia, while in its posterior third it is peculiar, no other form being known to 
possess an upturned outer demibranch with a reflected lamella.

The figures 2A to 2K, representing a further elaboration of the scheme of com­
parison instituted by Pelseneer (68  and 69), will serve to explain some of the 
more important forms assumed by the lamellae of the gills. In the first two figures, 
representing Nuculaand Solenomya, the term “ lamella ” can hardly be applied. 
The gill is made up of two demibranchs, each composed of a series, not of filaments, 
but of broad leaflets. In Dimya agentea and aculeata (fig. 2C) there are
no ascending lamellae. In Donax faba (fig. 2E) the descending lamella of the outer 
demibranch is exceptionally short. In Donax the relations are those
shown in fig. 2F. There is a supra-axialextension of the ascending lamella of the

F ig. 2.—Diagrammatic sections taken transversely to the axes of the gills of A, Nucula; B, Solenomya; 
C, Dimya or Anomia aculeata; D, the majority of the Lamellibranchia; E, Donax faba-, F, Donax
variabilis, Cyrena,Tapes, Venus or Isocardia; G, Las; H, (hinder portion of gill); J, Lyonsia,
Pandora or Scrobicularia; K, Lucinaor Montacuta.

a, axis; b, direct (usually descending) lamella of the outer demibranch; reflected (usually 
ascending) lamella of the outer demibranch; d, direct or descending lamella of the inner demibranch; 
e, reflected or ascending lamella of the inner demibranch; / ,  leaflets of the outer demibranch; 

g,leaflets of the inner demibranch.
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outer demibranch, so that the total height of this ascending lamella is considerably 
greater than that of the corresponding descending lamella. This supra-axial exten­
sion is much better developed in Psammobia, (fig. 39D, p. 250), 
Venus, Cyrena,and Isocardiathan in Cardiumwhich P elseneer chose to represent
this type of gill structure. Lasaea (fig. 2G) possesses no ascending lamella to the 
outer demibranch ; and Lucina and Montacuta (fig. 2K) lack both lamellae of the 
outer demibranch. The Anatinacea are remarkable in having the outer demibranch 
upturned, and consisting of a direct lamella only (fig. 2J). This character is shared 
by Scrobicularia,and, as has just been mentioned, is met with also in the middle
portion of the gill of Tellina.

It might perhaps be here suggested that in the upturned lamella of the Anatinacea 
the whole of the normal outer demibranch is present, and that the position of the 
bend in the filaments has gradually approached the axis, or retreated from it, and 
finally disappeared. The series of changes might be represented by the figures 2D, 
2F, 2E, 2J, taken in this order. There is an attractive plausibility in the hypothesis, 
hut it is rather beyond the scope of the present work to investigate the matter to its 
final solution. The condition found in Tellina does not help one much. In passing 
from the middle to the hinder part of the gill one notices that the upper edge begins 
to turn over, but it does not follow that in the middle part the filaments are at all 
abbreviated. It may be merely that they exhibit no bending. In the case of three 
sticks of equal length, one bent into two equal parts, the second into two unequal 
parts, and the third not bent at all, it is hardly worth discussing the equivalence of 
the various parts ; and although embryological evidence goes to show that the 
reflected filaments are outgrowths, in a different direction, from the extremities of the 
direct filaments, yet it is not unreasonable to suppose that the change in the direc­
tion of growth may occur in some species earlier, in others later. The position of the 
actual bend in the filaments is thus subject to as much variation as the bending of 
the sticks of wood. One might, for instance, say that in the case of Anomia aculeata 
(fig. 2C) the upper half of the filament is direct, and the lower half is the reflected 
filament which has failed to alter its course during growth.

The filaments of the same gill-lamella may be arranged in a flat, uniform series, or 
the lamella may be thrown into vertical folds or plicae. The apex of the plica is that 
part farthest from the interlamellar cavity. The filament that occupies the bottom 
of the depression between two successive plicae of a plicate lamella is in most species 
of greater size than the others. It will be spoken of as the principal filament, the 
others as ordinary filaments. Homorhabdicgills* are those with all the filaments

* The terms homorhabdic and heterorhabdic we owe to Professor Lankester, who first made use of 
them in the course of lectures on the Mollusca which he delivered a few years back at the Royal 
Institution in his capacity of Fullerian Professor. The terms were introduced on the assumption that 
the difference was an important one, and Professor Lankester was curious to learn how far the present 
investigation would bear out his contention. As will be seen in the sequel, the results are largely

VOL CXCV,—B. X
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154 DR. W. G. RIDEWOOD ON THE STRUCTURE OF THE

alike ; heterorhabdic gills are those which exhibit the above-mentioned differentiation 
into principal and ordinary filaments.

In those Lamellibranchia in which gill filaments are present all excepting the 
Protobranchia, and forms with obsolete gills, sucb as the filaments may
be united with their neighbours in one of two ways. They may bear on their
broader, mutually opposed surfaces uniformly disposed brushes of stiff cilia which 
interlock and serve to keep the filaments in position; or there may be definite 
strands of cellular tissue extending horizontally at various levels, and connecting up 
the interlamellar edges of the filaments. The former are known as ciliated inter- 
filamentar junctions, or junctions by ciliated discs, the latter as organic 
mentar junctions. Although in teased preparations of the filaments ciliated discs 

may tear away from the filaments rather than unlock from the cilia of the opposed 
disc, yet it can be observed, by watching a living Mytilus, that if the filaments be 
separated by a needle, they soon recover themselves by a fresh interlocking of the 
cilia. There is no organic connection between the ciliated discs ; it is merely a 
mechanical interlocking such as occurs when two hair-brushes are pressed together.

By reason of the relative freedom from one another of the filaments provided with 
ciliated discs, the gills composed of such filaments may be conveniently referred to 
as eleutherorhabdic; while gills with filaments united by organic interfilamentar
junctions, with consequent division of the interfilamentar spaces into series of 
fenestrse, so that the lamellae appear reticulate, may be termed 
Synaptorhabdic gills have no ciliated discs ; but eleutherorhabdic gills are not neces­
sarily devoid of all organic interfilamentar connection. The upper extremities of the 
ascending filaments of Mytilus, for instance, are in mutual organic connection, and in 
Avicula and Meleagrina the lower as well as the upper ends of the ascending 
filaments are organically united. .

In the instances just cited the organic junction is established between the broad 
mutually opposed faces of the filaments, but in the synaptorhabdic type of gill the 
interfilamentar junctions arise from outgrowths, sometimes of considerable bulk, of 
rather loose cellular tissue, described by P eck as tissue, on the inter­
lamellar edges of the filaments.

Evolution of the Synaptorhabdic Gill.

The theory of P osner ( 7 6 ), that the eleutherorhabdic gill has been evolved by the 
splitting up of a reticulate gill such as that of Anodonta, was destined to be short­
lived, for P eck, writing shortly afterwards, showed conclusively that the reverse was 
far more probably the case. At the present time P osner’s view can hardly claim any 
adherents at all; and K orschelt and H eider (44, p. 966) stand alone in even

destructive of the hypothesis, since homorhabclic and lieterorhabdic gills may occur within the limits of 
the same genus,
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questioning the evolution of the synaptorhabdic from the eleutherorhabdic gill. It is 
barely conceivable that the ciliated junctions should be the relics of a broken down 
organic interfilamentar connection,* while on the other hand we have evidence from 
at least two sources in support of the view that the ciliated junctions are the prede­
cessors of the organic junctions.

In Avicula argenteathe interlamellar edges of the filaments, particularly in the
region of the ciliated discs, have a tendency towards the proliferation of subfila­
mentar tissue, which, although not uncommon in the Synaptorhabda, is in the case 
of Eleutherorliabda only displayed in the formation of interlamellar junctions. 
These proliferations on the inner sides of the filaments are, owing largely to the 
plication of the lamellae, brought into mutual contact, and a cellular fusion follows. 
A section, therefore, through such a part, if taken transversely to the filaments, shows 
both ciliary and organic interfilamentar junctions (see fig. 16, org., p. 212). The 
other species of Avicula examined possess the ciliated junctions only, and throughout 
the whole investigation no other instance of the simultaneous presence of ciliated and 
organic interfilamentar junctions was met with.f The nearest approach to it was in 
Lima inflata,a synaptorhabdic form with just a suspicion of obsolete ciliated discs
(see fig. 18a, p. 216).

The other argument lies in the substitution of a cellular connection between the 
upper extremities of the ascending filaments in certain eleutherorhabdic forms for the 
ciliated junctions which persist in such genera as Pectunculus, for J ackson (38, 
p. 358) has noted that, although in the adults of Anomia glabra the ascending 
filaments are organically united at their tips, in very young stages the filaments are 
simple, not reflected, and free at their tips. This, to a certain extent, is also the case 
in Mytilus, for the descending filaments develop independently the one of the other. 
They unite at their tips, however, before becoming reflected, and the ascending 
lamella grows up as a continuous membrane, to be subsequently perforated 
and split, except at the uppermost edge, into the ascending filaments (Lacaze 
Duthiers, 47).

It may be freely assumed that although ciliated discs as interfilamentar junctions 
are more ancestral than organic interfilamentar junctions, they themselves indicate a 
certain advance upon the absolute freedom of filaments. This is supported by 
embryological evidence, for J ackson (38, p. 336) has described an early stage of 
Pecten irradians in which the filaments are ciliated, but “ have not yet the ciliated 
interfilamental knobs or processes existing in the adult.”

* It is important to note, however, that according to the observations of Lacaze Duthiers (47) on 
the development of the gills of Mytilus, the freedom of the filaments along the ventral edge of the 
demibranch is secondary, and is due to the solution of an organic continuity which is not destroyed until 
after the ascending lamella has become fenestrated.

t  Except, perhaps, in Meleagrina vulgaris, the specimen of which was not sufficiently well preserved to 
enable one to determine the point.

X 2
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In spite of the evidence furnished by a study of the gill of Avicula it is
not necessary to suppose that the organic interfilamentar junctions are invariably 
preceded by the ciliated junctions. It is quite possible that in the history of the 
Lamellibranchia the reticulate lamella may have been evolved directly from one 
consisting of plain uniformly ciliated filaments. In ontogeny this is certainly some­
times the case. J ackson has shown that in the young Ostrea the gills begin to 
develop as “ two rows of filamentous appendages” (38, p. 303) or “ tubular discon­
nected bags” (p. 305), and that the interfilamentar connections are brought about by 
the concrescence of fleshy processes from the margins of adjoining filaments, the first 
formed junction being that connecting the not yet reflected tips of the’ filaments. 
In this lie confirms the earlier researches of H orst on the same genus (34, fig. 10, 
and p .  303).

The fact that in ontogeny the reticulate or synaptorhabdic gill-lamella may arise 
by the perforation of a continuous membrane, and not by the actual concrescence of 
separate filaments by a new growth of subfilamentar tissue, does not in reality 
invalidate the argument that the filamentous condition is the more archaic, since the 
process may not unreasonably be regarded as an abbreviation of the normal mode 
such as is indicated by the comparative study of the gills of adult forms. No 
embryonic gills were examined in the present investigation, but it may be noted that 
the observation of Stepanoff’s on the perforation of the gill-membrane of 
( =  Sphcerium) (98, p. 27, and figs. 17, 19, 20), upon which P osner’s line of argu­
ment was largely based, was in complete accord with the earlier observations of 
L eydig (Cyclas ( — Sphcerium),54, figs. 17 and 18); and the mode of development 
has since been found to occur in Teredo (H atschek, 32, p. 22, and figs. 26-29, and 
Sigerfoos, 93), and in Scioberetia(Bernard, 2, pp. 376 and 382).

Although, therefore, subsequent discoveries have shown that P osner (76, p. 554) 
was wrong in deriving the gill structure of from that of Anodonta by a solution
of the organic continuity between the filaments, it would yet seem that P eck ( 66, 

p. 46) was a little severe on this author in respect of the implicit reliance which he 
placed upon Stepanoff’s observation.

In this connection it should be noted that Ziegler’s observations on Cyclas 
( =  Sphcerium) (110, p. 560, and figs. 29a and 30) are not quite in accord with those 
of other authorities. He states that the outer and inner surfaces of the continuous 
gill-fold show groove-like depressions, disposed at right angles to the gill axis, and 
extending from the free margin of the fold to near the axis. These grooves deepen, 
and meeting the corresponding grooves of the opposite surface, become fissures or 
slits extending from the margin to the axis. Even this slitting of a continuous 
membrane into filaments is, however, not exactly the same thing as the downgrowth 
of primarily independent filaments. Lankester, referring to pusillum,
speaks of “ buds, separate from the first,” and “ short, stump-like tentacles which 
elongate and become ciliated” (50, p. 10, and figs. 46 and 52). J ackson also has
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described a young Sphcerium securiswith filamentous gills (38, p. 309 and Plate 30,
fig. 4), but he does not explain by what means they arrived at this condition.

F. Schmidt (90 , p. 219, Plate 12, fig. 13) has figured and described the inner 
demibranch of Anodonta as arising by the outgrowth of a series of separate papilke, 
and Balfour (‘ Treatise of Comp. Embryology,’ I, London, 1880, p. 223) states that 
the gills of Anodonta “ arise as solid and at first somewhat knobbed papilke ” ; yet 
Schierholz (89, p. 208) speaks of the inner demibranch of Unto as arising by the 
outgrowth of a process which divides into an anterior and a posterior part, each of 
which divides again, forming a series of gill papilke.

In the presence of such conflicting descriptions in closely allied forms, one is led to 
conclude that the phenomena of gill ontogeny are extremely difficult to make out. 
The difficulty, indeed, is not denied; for K orschelt (45, p. 143) in his account of 
the development of Dreissensict,writes “ Zwischen Mantelfalte und Fuss wurden die 
Kiemen angelegt. Sie erscheinen zu dieser Zeit als wenige ziemlich umfangreiche 
Papillen von seitlich plattgedriickter Form, deren gegen einander gerichtete 
Kanten mit starken Wimperhaaren besetzt sind, so dass man stark wimpernde
Spalten vor sich zu haben glaubt.........................Ob sie in Form einer Falte
angelegt werden, die sich schon sehr bald einkerbt und so jene vermeintlichen 
Papillen entstehen liisst, oder ob sie als wirklich Papillen hervorsprossen, ist 
schwer zu entscheiden.” W eltner (104, fig. 2, p. 450) shows, in a young 
sensia, separate gill filaments at the back part of the gill, while the extremities of
the anterior filaments are united in series. He does not say, however, how this
condition is arrived at. Meisenheimer, quite recently (56, p. 58) also admits the 
difficulty in deciding the exact mode of the origin of the gills of Dreissensia ; but he 
confesses that he did not specially investigate this point It is not possible to draw 
one’s own conclusions from his figures (figs. 56-59).

In view, therefore, of the uncertainty that exists as to the exact details of the 
development of the gills of the commonest and most investigated species; and 
secondly, of the fact that Drew (22) has shown that the gill leaflets of Nucula 
develop as papillae which later become flattened ou t; and thirdly, of the fact that the 
Protobranchia are almost universally admitted to be the most archaic representatives 
of the Lamellibranchiate Mollusca,* we may, pending further investigations specially 
directed to this object, conclude that the perforation or the slitting into filaments of 
a continuous gill-membrane is an infraction of the rule that ontogeny is a repetition 
of phylogeny.

Labial Palps.

It is of no little interest to observe that throughout the wide range of the 
Lamellibranchia the palps do not share in the remarkable diversity of structure 
which the ctenidia exhibit. A minute examination of the palps was not made in

* Drew (22, p. 363) is a little loath to admit the primitive nature of the Protobranchiate gill.
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every species under consideration, but in genera with gill-structure so diverse as 
Nucula, Yoldia, Anomia,Mytilus, Lithodomus, Ostrea, , Ano­
donta, Tellina, My a, and Lyonsia the palps have the same essential structure. 
They are imperforate flaps, generally of triangular shape, deeply corrugated on their 
mutually opposed surfaces, and smooth on the sides which face the mantle and 
visceral mass (see Thiele, J., “ Die Mundlappen der Lamellibranchiaten,” ‘ Zeitschr. 
f. wiss. Zool.,’ xliv, 1886, Leipzig, pp. 239-272, with two plates).

That the palps are not dismembered portions of the ctenidium is indicated not only 
by the above fact that their structure remains invariable however much the gill may 
become modified, but also by the relative positions assumed in certain cases. In Lyonsia 
and Nucula, for instance, the attachment of the palps to the body is at a much 
lower level than the ctenidial axis, and in Mytilus, Venus, and Psammobia, the front 
part of the gill lies between the inner and outer palps. The palps are supplied with 
arterial blood by a branch of the anterior aorta; but even if, as has been suggested 
by Mitsukuri (63) and Drew (22), they have a respiratory function, it does not 
follow that they are on that account to be regarded as of ctenidial origin, since the 
same function is ascribed to the mantle. The palps, also, are innervated from the 
cerebral ganglion, whereas the gills are innervated from the visceral.

In the Nuculidse the palps are exceptionally large, and are provided at their 
posterior ends with an elongated muscular appendage, with close transverse plications 
on its inner surface. In Solenomya the palps have disappeared entirely, and only 
this appendage remains.

Plication of the Lamella.

The plicate gills are so strikingly different in appearance from the noil-plicate gills 
that one is not surprised to find that much importance has been attached to this 
feature in the past. The term plica was first employed in 1853 by H ancock, who 
made plication of the gill lamella a distinctive character of his third type of gill. 
He described his three types thus (30, p. 290):—“ In the first the laminae forming 
the gill-plate are composed of filaments, either free or only slightly united to each 
other at distant intervals, as in Anomia and Mytilus; in the second they are formed 
of a simple vascular network, as in Mya* Pliolas, &c., and in the third the laminae 
of the gill-plate are complicated by the addition of transverse plicae composed of a 
minute reticulation of vessels, as in Chamostrea, Myochama, See.”

D uvernoy, also, in 1854 attached considerable importance to the plication of the 
lamellae. His three types of gills were (23, p. 37):—

(1.) Les branchies a surface unie des Anodontes.
(2.) Les branchies plissees en travers, dont les unes sont a larges plis uniformes 

(les Tridacnes),dont les autres sont reunis par paires, sont courts et torment de fortes
cannelures (les Venus).

* One would conclude from this that he regarded the gill of Mya as non-plicate.
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(3.) Enfin la troisieme structure est celle des branchies filamenteuses, ou en 
franges, des P e i g n e s ,de la Mottle comestible, &c.

In more recent years, in proportion as attention was paid to the minuter structure 
of the gills, the plication of the lamellae came to be regarded as of less value than the 
differentiation of principal filaments.

Every gradation of plication is met with, from the barely perceptible undulation 
of the surface of the lamella in Monocondylcea(fig. 28, p. 232) and 
(fig. 47, p. 257), and the inner demibranch of Anodonta, to the great flattened folds of 
Tridacna (fig. 37, p. 246) and Hippopus, which project like the leaves of a book. 
The plication is usually less marked in the outer than in the inner demibranch (e.g., 
Venus, Tapes) and the filaments in each plica fewer ; but this is not always the case 
(e.g., Ostrea, Pinna). The number of filaments composing a plica may vary from 
about 7 (Pandora incequivalva) to 80 or 100 (Tridacna and The
number is usually greater in the plicie of the middle part of the lamella than in those 
of the front and hinder parts. The number is also greater in the adult than in tbe 
young (as I have ascertained to be the case in Solen ensis), and it is greater in the 
upper part of a plica than in the lower (R ice, 8 4 , Cardium, &c.). Oddly enough 
R ice regards this numerical discrepancy as due to filamentar fusion in the lower 
parts of the plica rather than to branching in the upper parts.

Principal Filaments.

Principal filaments (Filaments principaux of P elseneer; Segments 
of J anssens ; Canals principaux of Menegaux ; Grenzjilamente of R ice ; 
ments of the re-entering angle of K ellogg) are confined to the Pseudolamellibranchia, 
and the Eulamellibranchia. They are not met with in all the Pseudolamellibranchia, 
as Pelseneer imagined, for the gills of such forms as Malleus, Melina, Amussium 
and Plicatulaare homorhabdic. In the Eulamellibranchia they occur in a large
proportion of forms, but in such a manner as to preclude the possibility of framing 
any generalisations with respect to the families, or even genera in which they are 
found. Instances will be cited later of cases in which two species of the same genus 
have homorhabdic and heterorhabdic gills respectively.

Principal filaments do not occur in non-plicate gills. • There are well differ­
entiated principal filaments in Ensis siliqua (fig. 47, p. 257) and Monocondyloea 
(fig. 28, p. 232), in which the plication is at a minimal degree of development; but none 
occur in lamellae which are absolutely flat, unless one considers that those filaments 
which in the gills of Lithodomus dactylus and Modiola barbata are provided with 
interlamellar septa are principal filaments in their initial stage of differentiation. 
The condition in Lithodomus (p. 204) is a most interesting one, since the filaments in 
question are slightly larger and with wider cavity than the others. They occur at 
intervals of about eight filaments in the outer demibranch, and about eleven fila-
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merits in the inner. If, however, these are recognised as principal filaments, how is 
one to regard the gill of Malleus (fig. 14A, p. 207), in which every filament has a 
septum of some sort, high, low, or of intermediate extent ? A gill cannot be com­
posed of principal filaments alone. Another matter for serious consideration is the 
impossibility of distinguishing these septum-bearing filaments of Lithodomus from 
the others in sections taken at a higher level than the upper edge of the septum.

Principal filaments are always developed in relation with interlamellar septa, so 
that the ascending and descending parts of the same principal filament are connected 
by a continuous sheet of membrane* which extends to varying heights in different 
species. Interlamellar septa may, however, exist without special modification of the 
filaments which they connect (e.g., Mactra stultorum, Saxicara rugosa, 
plicataria, Rocellaria dubia, Pholas crispata, Dreissensici polymorpha, &c.); so that
the converse deduction is not tru e ; and this still further weakens the case for 
Lithodomus.

In cases where the lamellae are plicate there may be at the bottom of the groove 
between two plicae, and connected with the interlamellar septum :—

(1.) One filament! not enlarged nor otherwise differentiated ; or very slightly 
enlarged, or with the chitin slightly thicker than usual, (e.g., Diplodonta ohlonga, 
fig. 24B, p. 227, Petricola monstrosa, fig. 35, p. 243.)

(2.) One filament, enlarged, but not differing greatly in shape from the ordinary 
filaments. The frontal surface has the form of a fairly sharp ridge. Occasionally 
there are two such filaments, or else the filaments adjacent to the principal filaments' 
are slightly larger than usual, (e.g., Tapes aureus, fig. 34, p. 242.)

(3.) One filament, considerably enlarged and with the frontal surface either 
flattened, or with a ridge, or grooved so as to appear U-shaped in section, (e.g., 
Ensis siliqua, fig. 47, p. 257, Pinna virgata, fig. 17B, p. 214.)

(4.) Several filaments, not differentiated, (e.g., fig. 33, p. 241,
Ensis mocha,fig. 48, p. 257.)

To draw any sharp line between the first and fourth groups is by no means easy, 
since, as in Mesodesmadonacia and Mesodes novce-zelandice, it not infrequently
happens that the interlamellar septum is connected with one filament on one side 
and with three or four on the other. Neither is it possible to subdivide the third 
group, into which the bulk of the examples fall, for the character of the principal 
filament may vary at different levels. One of the most striking instances of this is 
seen in Lima.In sections of the gill of Lima taken high up the demibranch,
the frontal surface of the principal filament has the shape of the letter U, whereas in 
sections taken low down, i.e., near the free edge of the demibranch, it has more the 
form of a W. There is a ridge which occupies the centre of the U, and which is more

* In Pinna the septum is so far fenestrated as to be reduced to a few cross bars.
t  If the section is taken through or near an interfilamentar junction, several filaments will be found 

united with the interlamellar septum, -
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strongly developed the nearer one approaches the ventral edge of the demibranch 
ipf- and B, p. 217). In sections of Lima squamosa taken high up the 
demibranch, the ridge is as well developed as in sections of taken low ;
and this ridge also enlarges in the lower parts, so that in sections taken near the 
edge of the demibranch, it lias obliterated the cavity of the U entirely figs. 
19B and C, p. 217). A somewhat similar disappearance of the groove, but without 
any corresponding enlargement of the ridge, is observable in (tigs. 15A
and B, p. 209).

A different state of things is found in PsaHere the principal 
filament shows throughout the greater part of its length a deep narrow groove 
(fig. 38, p. 249). Towards the free edge of the demibranch this becomes shallower, 
and ultimately disappears, causing the principal filament to resemble an ordinary 
filament. Since the groove does not necessarily die away at precisely the same level 
in the ascending and descending principal filaments, the appearance presented in 
fig. 39A, p. 250, is sometimes met with. This dying away of the frontal groove in 
sections taken near the extreme ventral edge of the demibranch is probably of very 
general occurrence ; see Solen ensis (figs. 44 and 45, pp. 255 and 256), and Pandora 
obtusa (figs. 53B and C, p. 264).

Exactly the reverse occurs in As aphis dThe groove is wanting for the 
greater part of the length of the principal filament, and only appears in sections 
taken very low down. It is a shallow depression, but the appearance of the section 
is vei'y striking, since the thickened chitin bands, which in the sections at most 
levels are in contact by those edges directed towards the interplical space, are here 
divaricated and more nearly parallel (see figs. 39F and G, p. 250).

In Cardiumedule the different principal filaments vary in shape even at the same
level. Some have a groove only, others a ridge only, others a ridge rising from the 
bottom of a groove, and others again have a perfectly flat frontal surface 
(fig. 36, p. 245).

The differences presented by Solen and its immediate allies show that the plica­
tion of the lamellae and the differentiation ol principal filaments are of not more than 
specific, or at most subgeneric, value. Solen ensis and Solen have strongly
plicate lamellae, and principal filaments with the frontal surface nearly flat, but with 
a shallow, narrow groove (fig. 44, p. 255). The gills of Solen vagina and 
rudis are strongly plicate, and have principal filaments with a wide, shallow, 
U-shaped groove (fig. 43, p. 255). Ceratisole has flat lamellae, with no 
principal filaments (tig. 46, p. 256). Pharella orientalis has moderately plicate 
lamellae, and feebly differentiated principal filaments with a ridge-like frontal surface. 
Ensis macha has moderately plicate lamellae, with several undifferentiated or barely 
differentiated filaments at the base of the interplical space (fig. 48, p. 257). Ensis 
siliqua has lamellae nearly flat, but with large principal filaments, with sharp frontal 
edges (fig. 47, p. 257). 

vol. cxcv.—B. Y
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Similar incongruities have been pointed out by R ice in Donax (83). He lias 
shown that tbe lamellae of Donax truncuius are flat, those of Donax politus slightly 
plicate, and those of Donax serrastrongly plicate.* Two species of Donax were 
examined in the course of the present investigation, Donax variabilis and Donax 
faba. The former has flat, homorhabdic lamellae, the latter plicate, heterorhabdic 
lamellae (figs. 31A and B, p. 236). Judging by the illustrations, the three species 
of Donax described by R ice are all homorhabdic.

C y v e n a j l o r i d a n a ,  again, lias flat, homorhabdic lamellae, but 
plicate, heterorhabdic lamellae. Crassatella and have simple
homorhabdic, flat lamellae, and interlamellar junctions of the form of isolated bars, 
whereas Crassatella jloridana has plicate, heterorhabdic gills with interlamellar septa. 
Roccllaria dubia has flat lamellae and interlamellar septa not regularly arranged, 

while Rocellaria gigantea has plicate lamellae with interlamellar septa at regular
intervals. Both are homorhabdic.

The differentiation of principal filaments may possibly be connected in some obscure 
way with the fact that these alone contain the afferent branchial blood channels, the 
arterialised blood finding its way back to the auricle from the ordinary filaments. 
This direction of the blood stream is a matter upon which Bonn ET,f S luitkr and 
H aren-Norman are agreed; but I am not in a position to express an opinion upon 
it since, the whole of the material available being preserved in alcohol, I have not 
injected any specimens. Menegaux, it should be noted, regards the blood as passing 
down one principal filament and back by the next, the principal filaments of each 
lamella being thus alternately afferent afid efferent (62, p. 175. Solen and some 
other forms), and J ohnstone (40 , fig. 26) in his investigations of Cardium has 
arrived at the same conclusion.

What it is important to note in this connection is the fact that principal filaments' 
are ontogenetically a secondary differentiation. No genus could be better adapted 
for an investigation of this point than Pecten,since in this genus there is a remark­
ably strong contrast in size between the principal and ordinary filaments. In 
Pecten irradiansJ ackson has described (38, p. 336) a stage in which the filaments
are fully r eflected, and yet the interlamellar septa which, he remarks, occur on every 
eleventh to fifteenth filament of the adult gill, are not developed; and (judging by 
"his figure, Plate 28, fig. 1) the filaments are all alike In size and shape.

* It is worthy of note that he regards the simplicity of the flat forms as secondary, and derived by 
retrogression from the plicate condition.

t  In Pecten jacobceus, however, Bonnet considers the principal filament to be carrying arterial blood. 
(See 5, figs. 25 and 26). J anssens states that the channel on the frontal side of the septum of the principal 
filament of Pecten is efferent, and the deeper one afferent (39, fig. 91), and Menegaux gives a similar 
relation (62, p. 99).
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Apical Filaments.

In certain plicate gills the filaments at the apex ot the plica, at the part of 
the fold most remote from the interlamellar space, are larger than the ordinary fila­
ments. The differentiation may he confined to the single filament that occupies the 
very summit of the plica, or may be shared by two or three filaments. In the 
latter case the central filament of the three is larger than the lateral. This 
differentiation of apical filaments was first noticed by H ancock in (29,
Plate 4, fig. 5), and has since been recorded by P elseneer in Lyonsia 
(71, p. 212). The present investigation has revealed the presence of enlarged apical 
filaments in Pinna nobilis,P. pectinata, and P. virgcita (fig. 17B, p. 214), and
slightly enlarged filaments in Pinna nigra. They occur in L. injlata
(fig. 18, p. 216), L. squamosa and I j . hians, but not in Lima calif or nica ; in Mele- 
agrina margaritferabut not in Meleagrinaanomioides, or M. vulgaris; in Solen

foiiesi, Pharella orientalis and Solenocurtus (fig. 42, p. 254), but not 
in the other examples of the Solenidae examined ; in , but not in
Anatina truncata. The meaning of these enlarged apical filaments is as inscrutable 

as that of the principal filaments, and no attempt at an explanation is here con­
templated.

Cilia.

Those curious isolated patches ot stiff cilia constituting the “ ciliated discs ” have 
already been referred to (p. 154). As a general rule they project slightly from the 
anterior and posterior sides of the filament, owing to the fact that the columnar cells 
bearing them are taller than the ordinary epithelial cells, e.g., Lithodomus daclylus 
(fig. 3A). In certain instances, however, they are set upon definite outgrowths or 
“ spurs” of the filament, arising from the anterior and posterior sides, e.g., Modiola 
polita (fig. 3B), or from the interlamellar edge, e.g., Spondylus nicobaricus (fig. 3C).

The other cilia of the filaments are usually arranged in vertical strips or bands, 
one down the frontal surface of the filament—the frontal cilia—and one on each of 
the sides of the filament—the lateral cilia—separated from the frontal cilia by a 
narrow space. The marginal cilia of the frontal band are usually, though not 
invariably, longer than the median ones, and these are known as the latero-frontal cilia. 
(These terms are not employed in exactly the same sense as by P eck, whose figures 
are mostly incorrect as regards arrangement of the cilia.) The disposition of the 
cilia in the great majority (nine-tenths or more) of the Lamellibranchia is that shown 
in fig. 3A. The transition from the frontal to the long latero-frontal cilia is usually 
gradual, as shown in this figure, but, owing to the curvature of the latero-frontal 
cilia, these frequently appear to be more sharply differentiated, as in fig. 3D. Since 
both arrangements are to be found in the same gill, the difference may evidently be 
disregarded.

Y 2
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Although Peok noticed the lateral cilia as distinct from the latero-frontal cilia in 
Mytilus (66, %. 6) and Dreissensia (66, fig.. 25), he failed to recognise them in 
Anodonta (66, figs. 12 and 13). Yet they are well developed in the Unionidse, and 
have been figured by R abl in Unio (81), by Posner (77, fig. 2) in Anodonta, and 
by J anssens (39) in both of these genera. Certain of the cells lining the inter- 
lamellar cavities also bear cilia. Such cilia are shown by P osner and R abl in their 
figures above cited. P eck showed in his figures 12 and 13 a uniform clothing of

Fig. 3.—A, B and C, sections of the filaments of •Lithodomus and
nkobaricusrespectively. The right-hand section of each pair is taken through a ciliated disc (al), the 

left-hand one passes through the filament between one ciliated disc and the next above i t ; fr, frontal 
cilia; //, latero-frontal cilia; 1, lateral cilia. D, section showing normally disposed cilia as they 
appear if the latero-frontal cilia are curved over the frontal cilia. E, section of a filament of 
granosa.

short cilia over the whole of that part of the surface of the filament that was not 
covered by larger cilia, but this error was exposed by P osner in his second paper 
(77, pp. 136-137). Short cilia occur also on the interlamellar edges of the filaments 
in the Oyster, where they were first noticed by Lankester (52). They are figured 
by J anssens in Mytilus (39, figs. 77 and 78), and I can attest their presence in 
Area granosa (fig. 3E), Monocondylcea(fig. 28, p. 232), and Teredo (fig. 50, p. 260).
It may be remarked that in many cases it is extremely difficult to distinguish cilia 
from coagulated mucus secreted by the abfrontal cells.

Where, as in Area granosa (fig. 3E) and Pectunculus (fig. 11 A, p. 201),
the filament is broad, the frontal cilia may extend round on to the sides of the 
filament beyond tbe region where the latero-frontal cilia are usually located. A 
similar disposition is figured by K ellogg in Area (42, fig. 66); but in the
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figures of Area barbataand Pectuu,cuius gLy P elseneer (71, figs. 36 and 
34), the arrangement conforms with the normal plan.

The non-ciliated interval between the latero-frontal and the lateral cilia appears 
to be wanting in Solenomya (fig. 7 E, p. 192). The specimens examined in the 
course of this investigation were not sufficiently well preserved to enable one to deny 
its presence with any degree of confidence, although the cilia certainly seemed to be 
continuous; but it is a significant fact that in the figures given by P elseneer (71, 
fig. 28), K ellogg (42, fig. 77), and Stempell (97, fig. 20) it is not shown. If this 
be a correct conclusion, Solenomya stands alone as the sole example of a Lamelli- 
branch with the frontal and lateral cilia continuous. H aren-Norman, it is true, 
shows some small cilia occupying the interval between the lateral and the latero- 
frontal cilia in Cardium ciliatumand Astarte sulcata (31, figs. 44 and 48),. but, 
although I have examined neither of these species, I have little hesitation in 
regarding this as an error of observation. He is probably also unfortunate in his 
representations of Pecten groenlandicumand discors (31, figs. 35 and 40),
for he shows the sides of the filaments of the latter as possessing a uniform covering 
of short cilia, and the frontal surface of the former as devoid of cilia.

C h i t i n S k e l e t o n .

The gill-filaments in all cases are strengthened by a skeletal substance to which 
the name Chitin has almost invariably been applied; and although there can be little 
doubt that this is the same substance which is found, in conjunction with salts of 
lime, in the valves of the shell and in pearls, and known under the name of

Conchyolin,it will be well, in view of our present ignorance of the chemical and 
physical differences between Chitin and Conchyolin, to fall in with the general 
custom and adopt the term Chitin. It is elastic and resistant in character. It 
resists dilute acids and alkalies, and the skeleton of a gill may be prepared by 
prolonged maceration in warm dilute potassic hydrate. Preparations made in this 
way are best examined in weak glycerin.

In sections of the gill, cut by means of a microtome, the chitin framework can be 
made to stand out well by differential staining. It has a strong affinity for the 
aniline dyes, and as the result of extensive trials the blue known as “ Bleu de Lyon ” 
was found to give the best results. Unfortunately the colour is fugitive, and so the 
bulk of the sections prepared were double-stained with borax-carmine and picro- 
nigrosin. Under this treatment the chitin becomes a clear blue.

In simple filamentous gills the chitin takes the form of a complete tube, com­
pressed in such a way that the broader surfaces are anterior and posterior, while 
the narrower surfaces are towards the pallial cavity and the interlamellar space 
respectively. The thickness of the chitin is probably in no case absolutely uniform, 
but the broader sides of the tube have each a thickened area. Concerning this,
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P elseneer has already stated (72, p. 177) that “ cet epaississement est surtout 
developpe vers le cote interne des feuillets chez les Anomiidse, Arcidse, et Trigoniidse, 
et surtout vers le cbtfi externe (done ventral des filaments) dans les autres Lamelli- 
branches ; ” but although this statement is correct in the main, and may be allowed 
to pass as a text-book generalisation, it fails to take into account the fact that the 
position of the thickened band frequently varies at different levels. The general 
tendency is for the thickening to be nearer the interlamellar edge of the filament in 
sections taken towards the ventral edge of the demibranch than in those taken at 
higher levels. Occasionally there are two thickened bands on each broad face, one 
towards the incurrent and one towards the interlamellar side (figs. 11A and C, and 
fig. 13C b).

The cavity of the tube of chitin may be traversed by a continuous membrane of 
chitin (intrafilamentar septum), running lengthwise down the filament, and dividing 
the tube into two tubes, or there may occur isolated strands of chitin running from 
side to side. A careful examination of serial sections is necessary to distinguish 
these latter from the intrafilamentar septa. The presence of the septum must have a 
marked influence on the course of the blood stream, and a few paragraphs devoted to 
the discussion of this point will be found on p. 170. Speaking in a general way, the 
intrafilamentar septum is common among the Filibranchia, and occurs in two Pseudo- 
lamellibranch families—Spondylidse and Pectinidse. So far as present observations 
go, it is met with in none of the Eulamellibranchia except Lyonsia nitida and A starte 
borealis.

In those cases where the filaments are in organic connection, either of an inter­
lamellar or interfilamentar kind, the chitin also is continuous. These connections are 
mainly of loose lacunar tissue, covered by epithelium; and extremely thin films of 
chitin cover the lacunar cells, and, in fact, form a sponge-work in which the cells are 
embedded. The continuity of this chitin with the thicker chitin of the filaments can 
be easily made out in well preserved and well stained material.

In those Lamellibranchia with organic interfilamentar junctions (be.,.the Eulamelli­
branchia plus the Pinnidse, Ostreidse, and Li mi doe—an assemblage which it is
proposed to term the Synaptorhabda, see p. 186), the chitin in these junctions is 
remarkably thick and fibrous in character. It is continuous with the chitin of the 
filaments, which at the levels of the interfilamentar junctions is much thicker than 
usual, the thickening taking place at the expense of the filamentar cavity. In fact, 
in a great many of the forms the cavity of the filament, even in the regions between 
the interfilamentar junctions, can hardly be said to exist, an obliteration of the space 
being effected either by the excessive thickening of the chitin, or by an exceptional 
development of lacunar tissue which has intruded into the filamentar cavity {e.g., 
Anodonta, Lucina,fig. 24A, p. 227).

A pale-staining chitin is sometimes met with in conjunction with the normal, 
deeply staining chitin. The two are found in close association, and the transition

Downloaded from http://royalsocietypublishing.org/rstb/article-pdf/195/207-213/147/1330212/rstb.1903.0005.pdf
by University of Cambridge user
on 19 June 2026



GILLS OF THE LAMELLIBRANCHIA. 167

may be gradual, but is more frequently abrupt. In the principal filaments of Pecten 
opercularis, Spondylus ducalis,and Lima (see fig. 15, p. 209 and fig. 18,
p. 216), the pale chitin lies towards the outer or epithelial side of the ordinary 
chitin, and a similar relation is found beneath the ciliated discs of and
Malleus (fig. 14B, p. 207); in these instances the pale chitin is perfectly homo­
geneous in character, or slightly fibrous, and would appear to be a softer, less con­
centrated variety of the normal chitin. Another kind of pale chitin, however, is 
sometimes met with, which exhibits a distinctly vesicular structure, the meshes of 
the sponge-work being occupied by rounded nucleated cells {e.g., Lyonsiella papy­
racea, fig, 54, p. 267, Euciroa eburnea,fig. 56, p. 270, and the principal filaments of 
Tridacna elongata, fig. 37, p. 246).

In effecting a comparison between the gills of Lamellibranchia and those of other 
Mollusca, one naturally selects such a form as Nucula for the purpose. In Nucula 
the columnar epithelium with differentiated cilia, and the thickened bands of chitin, 
lie towards the ventral edges of the leaflets, on the side of the axis nearest the 
efferent* vessel, and on the side farthest from the supporting membrane by means of 
which the gill axis is concrescent longitudinally with the side of the body.

Owing to the fact that in Pleurotomaria the supporting “ rods ” lie in the edges of 
the leaflets nearest the supporting membrane of the axis, W oodward! (p. 225) has 
seen a grave difficulty in the way of liomologising the ctenidia of the Lamellibranchia 
with those of the Gastropoda. But the strengthened edges of the leaflets are still 
towards the efferent side of the axis, and all that is necessary for a rational explana­
tion of the facts is to allow that the concrescence of the gill axis with the body is 
secondary, and that if the gill is backwardly directed, as in that side of the
axis which carries the afferent vessel may become concrescent with the side of the 
body, whereas if the gill is forwardly rotated over the back, and has a further trans­
lation from right side to left, aud vice versd, as in Streptoneurous Gastropods, the 
concrescence is effected between the body and that side of the gill axis carrying the 
efferent vessel. This admission as to the concrescence being secondary appears to be 
legitimate, in spite of the fact that D r e w  has shown that the gill leaflets of 
arise as papilku from the sides of the body, and not from the sides of an axis which 
subsequently becomes concrescent with the body.

Endothelium.

A very keen controversy has long been rife concerning the cells which are found oil 
the inner surface of the chitinous tube, and the warmth of the discussion appears to

* This is on the authority of P elseneer (71, p. 164), and Stempell (96, pp. 395 and 396). 
Mitsukuri, Kellogg and Menegaux furnish no information. Drew, on the other hand, says that the 
vessel nearest the body communicates with the auricle (22, p. 360).

T Woodward, M. F., “ The Anatomy of Pleurotomaria‘Quart. Journ. Micro. Sci.,’ 44, 1901, 
pp. 215-268, with four plates.
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