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L. On the Segmental Excretory Organs of Certain I'resh- Water Ostracods.

By H. Gramam Canwon, M.A., D.Sc., F.L.S., Lecturer in Zoology, Imperial College
of Science and Technology, London.

Communicated by Prof. K. W. MacBrivg, F.R.S.

(Received February 11, 1925,—Read May 14, 1925.)

[PraTes 1, 2.]

Introduction.

The origin of the duct of the segmental excretory organs of Crustacea is of critical
importance in the consideration of the relationships of these organs to each other and to
the similar organs in other Arthropoda. Up till now, it has been by no means certain
what that origin is, or even whether the ducts have one common origin throughout the
group. In a study of the development of Estheria it has been suggested by the author
(1924, p. 422) that the divergences of opinion on this point may be due to the fact that
segmental excretory organs are not completely homologous throughout the group.
The end-sacs may be, and probably are, homologous, but not the ducts.

Burian and MuTr (1921, p. 642) place these glands in two groups according to the
constitution of their efferent ducts. In the first group the duct is built up of a large
number of cells, and the lumen is intercellular ; in the second it consists of a few cells
only, and the lumen is intracellular. The efferent duct of the maxillary gland of Kstheria
is the first type and it is a true ccelomiduct, that is to say, it is completely mesodermal
in origin.

To the second group belongs the antennal gland of Estheria. It was a comparison
of the structure of the duct of this gland with that of the ectodermal labral glands of
Estheria that led the author to suggest that in the second group the duct might be
ectodermal in origin. It was thought probable that the antennal gland “ represents a
composite structure . . . of a coelom sac in connection with an ectodermal gland.”

In order more fully to investigate this hypothesis the forms selected were the fresh-
water Ostracoda. In these, according to BErcorp (1910, p. 18), the maxillary gland
possesses an intracellular duct consisting of a few cells only, and, since the eggs hatch
at the naupliar stage, it is possible to study the complete development of the gland in
the larval stages without having to resort to embryonic stages, a point of considerable
importance when dealing with any Crustacean form. The investigation led to the
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2 DR. H. GRAHAM CANNON ON THE

discovery of the real antennal gland and thence to the study of the “ shell gland,”
which, until now, has always been taken as representing the antennal gland.*

What little is known of the segmental excretory organs of the Ostracoda is based
chiefly on the observations of Cravs, G. W. MULLER and BereoLp. The earliest
references to the ““shell glands ” of fresh-water Ostracods are given in BERGOLD’S
paper (1910, p. 13). The first work of any importance is one by Craus in 1895.
He figured and described in detail the ““ shell gland,” and although he could not
distinguish an efferent duct, deduced from its anatomy that it represented the
antennal gland of other Crustacea. The maxillary gland he took to be a structure
occurring at the base of the maxilla that has been more fully described by BErcoLp
(1910, p. 22). It has, however, nothing to do with the true maxillary gland.

MULLER (1894, p. 173) observed that by giving carmine to Cypris pubera two organs
were indicated as excretory—(1) in the labrum opening on the first joint of the antenna
and (2) another in the base of the maxilla. The duct of the latter was not evident.
He did not describe these organs further. Giving carmine to marine Ostracods yielded
no results. Anatomical investigation of the latter forms was found to be very difficult
owing to the difficulty of distinguishing the supposed organs from nervous ganglia,
but in Paradoxostoma and in Bairdia he observed small epithelial sacs in the bases of .
the first limb posterior to the maxillule. These he considered segmental organs.

The most complete work on the subject is due to Bercorp (1910). He worked out
the anatomy of the organs in much more detail than had previously been done. He
described for the first time the anatomy of the maxillary gland, as a typical Crustacean
segmental excretory organ. The shell gland he described in detail and observed for the
first time its exit. He considered that it represented a typical segmental organ and
from the position of its exit concluded that it was the antennal gland. In addition to
these, however, he observed a sac which, he states, was situated in the antennule. He
could find no duct leading to the exterior, and so described the sac as the remains of an
antennulary gland.

No observations whatever, as far as the author is aware, have been made on the
development of any Ostracodan excretory organ.

The observations of BERgoLD will be dealt with in more detail later on. It will suffice
here to point out in what directions they are, in the author’s opinion, inaccurate.

First, the ¢ shell gland * is clearly an ectodermal gland, in no way comparable with a
typical segmental excretory organ of any crustacean. Secondly, the sac which he
described as belonging to the antennule is actually situated in the basal joint of the
antenna. It also possesses a complicated intracellular efferent duct. This organ and
not the ““ shell gland ”’ is the true antennal gland of the fresh-water Ostracods.

The author wishes to express his indebtedness to Prof. E. W. MacBripg, F.R.S.,
and to Dr. W. T. Carman, F.R.S., for much advice and criticism.

* The term * shell gland ** is used here, as explained on p. 16, in”its descriptive sense only. It does
not imply any relationship to the shell glands of other Crustacea.
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SEGMENTAL EXCRETORY ORGANS OF CERTAIN FRESH-WATER OSTRACODS.. 3

Maiterials and Methods.

The forms used in the investigation were Cypridopsis vidua (O. F. MULLER, 1785),
Cypris fuscata (JURINE, 1820), and Cyprinotus incongruens (RAMDOHR, 1808).

Alllarval and adult stages of C. vidua were gathered from a large, well-established tank
in the laboratory. The youngest stages were easy to obtain,as they collected away from
the light and at the surface of the water. The earliest larvee of the other species which
occurred in the same tank did not do this. The larval stages of the other two species
used were obtained from cultures started from batches of eggs that had been laid by
isolated adults.

The fixative used almost exclusively was Flemming-without-acetic-acid. It was used
at ordinary temperature for the youngest stages and allowed to act for about two hours.
The older specimens were placed in F.W.A. at the temperature of the embedding bath
(69° C.) for about ten minutes only. For the adult anatomy alcoholic Bouin (Dubosg-
Brasil) was sometimes used, and also the same fixative in which the acetic acid had been
replaced by citric.

The method of embedding, except in the case of the first stage nauplii, was that
described in the author’s previous work on Estheria (1924, p. 396). In the case of the
earliest nauplii, owing to their minute size (the first nauplius of C. vidua is about 100
long), double embedding in celloidin and paraffin had to be resorted to. For this purpose
the photoxylin method described by MURRAY (1924, p. 289) was employed. After the
specimens had been brought up through the alcohols they were placed in clove oil, which
dissolved the photoxylin and left the specimens in a syrup. Each specimen was then
placed separately in clove oil-celloidin, orientated, and the usual procedure followed.

The sections were cut at 8. Thinner sections were not of much use. The organs
to be studied were so small that it was preferable to have the organs oceurring in a few
sections and to study them with a binocular microscope rather than to have the organs
cut up into many thin sections. The celloidin sections were cut at the same thickness
and were flattened out in the presence of acetone vapour.

The stains used were iron heematoxylin and Mallory’s triple stain.

The * Shell Gland.”

The ““ Shell Gland ” has been fully described by BereorLp (1910, p. 13), and so here
only the main points in its anatomy will be mentioned. It is its development which is
of the greater interest for the purpose of this paper.

It consists, on either side, of three parts that may be termed reservoirs, viz.: an
anterior, a middle and a posterior reservoir. The anterior and posterior are situated in
the adult in the cavity of the shell fold and both open into the middle reservoir. The
latter is situated in the body cavity immediately in front of the most anterior part of
the liver. Tt is into this reservoir that an ectodermal intucking projects, which serves

B 2
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4 DR. H. GRAHAM CANNON ON THE

as an exit for the whole gland. The complete gland is figured in its lateral aspect in
text-fig. 1, e.

The middle reservoir is circular when viewed from the side. The cytoplasm constituting
1ts walls is exceedingly vacuolated. In this apparently frothy mass there can be dis-
tinguished, in the best preparations, a single large flat nucleus resting against the main
circular cavity of the reservoir. BErcoLp (1910, p. 14) describes four nuclei, but this
is not the case in the forms studied. In living specimens, the cytoplasm is full of bright
orange vacuoles. The latter are quite absent from the central cavity of the reservoir.

The anterior reservoir is the largest part of the gland. It extends from the middle
portion into the shell fold in an antero-ventral direction. It consists of seven or eight
cells each with a very large, approximately spherical nucleus. BErcoLp (1910, p. 13)
describes it as syncytial, but in the forms studied the boundaries between the cells were
quite obvious. The outermost parts of the cells are filled with small colourless vacuoles,
grouped togetlier in patches and of practically uniform size. The cavity of the reservoir
is elongated with lateral bays and opens dorsally into the ventral part of the middle
reservoir.

~ The posterior reservoir hangs down from the middle reservoir by an excessively thin-

walled tube that connects its own cavity with the posterior part of the middle reservoir.
Its length is slightly greater than that of the anterior reservoir, but the whole structure
is narrow enough to hang into the shell-fold cavity without being laterally compressed
as is the anterior reservoir. Its cytoplasm is sometimes filled with colourless vacuoles,
irregularly scattered and of varying sizes. Its nuclei, which number about ten, are
smaller than those of the anterior reservoir.

The exit of this complex gland is a cuticular tube formed by an ectodermal ingrowth
from the inner face of the shell just lateral to the attachment of the second antenna to
the body. It is flattened laterally and projects into the actual cavity of the middle
Teservoir.

The secretion of the anterior reservoir forms a coagulum after I.W.A. fixation, which
is stained blue by Mallory. It can thus be distinguished streaming into the middle
reservoir, which contains a secretion that is stained red by the same technique and that
also sometimes exhibits a slight osmic reduction. The groups of vacuoles occurring
in the outer parts of the anterior reservoir are apparently of a fatty nature, as they stain
blue ntra vitam with Nile Blue ““ hydrochloride,” and sometimes appear as black dots
after I.W.A. fixation. |

The Development of the Shell Gland.

The developmental stages of the “ shell gland ”’ are figured in text-fig. 1. In the
earliest larvee of stage I,* only two parts of the gland are visibly represented and each is
* A concise account of the characteristics of the various larval stages of the Fresh-water Ostracoda is

to be found in “ Korschelt and Heider's Text-book of Invertebrate Embryology *” (Translation), Vol. II,
p. 205.


http://rstb.royalsocietypublishing.org/

Downloaded from rstb.royalsocietypublishing.org

5

SEGMENTAL EXCRETORY ORGANS OF CERTAIN FRESH-WATER OSTRACODS.

. PUBS [[PYs,, oY1 Jo quewdo[ossp oY} SUIIBIISI[I SWBISEIP JO SOIIOg—"

d.

)

ALITOOS 1o

SNOILDVSNVYL
VYAOY HdH.L 1vDIHdOSOTIHd

(

NPV ‘TA ‘A I ‘T $95®81Q) 2 03 ¥ | "HIL-LXA],

L104.2980.2 20129350d = 1°d
JI044988.2 ]PPILL =2 UL
21004015892 J01IJUE =IB

M ALIIOOS mzo:wmmz,:;
TVAOY dH.L 1vDIHdOSOTIHd


http://rstb.royalsocietypublishing.org/

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

6 DR. H. GRAHAM CANNON ON THE

constituted by a single cell (text-fig. 1, @). The anterior reservoir is an elongated
flask-shaped cell protruding anteriorly into the cavity of the shell fold. The neck of
this cell is very attenuated but can be traced backwards into a mass of vacuolated
cytoplasm containing a single nucleus and surrounding a larger central vacuole that
represents the middle reservoir. This vacuolated mass is situated in the body cavity
just in front of the rudiments of the liver and rests against the ectoderm laterally. Both
these cells, or more strictly the secretions in their reservoirs, show the adult staining
reactions.

In stage IT the structure of the gland is much easier to demonstrate as it is not so
closely invested by the surrounding tissues (text-fig. 1, b). The anterior reservoir
still projects forward as a single cell. Tts lumen has enlarged and opens as before by a
thin neck into the single cell representing the middle reservoir. The latter, however,
is now connected with a group of three ectodermal cells which form the rudiment of the
posterior reservoir. These are considerably larger than the neighbouring ectoderm
cells, and are comparatively deep and thus project into the body cavity. They contain
a few vacuoles but do not surround any central reservoir. Their cytoplasm stains
comparatively deeply and so contrasts with that of the middle reservoir, that hardly stains
at all.

In stage ITI the chief change is the increase in the number of nuclei in the anterior
reservoir to about four. The method by which this increase takes place is not certain.
From a statement by BErgorLDp (1910, p. 14) referring to one of his figures (fig. 14) it is
probable that he considered that the nuclei divided amitotically. This is probably the
case in the forms investigated. Certainly no mitoses were found during the whole
development of the gland.

The cells forming the rudiment of the posterior reservoir have also increased in number.
They now surround a reservoir that is, however, completely separate from the middle
reservoir. Their number is not definite as they merge into the surrounding ectoderm.

It is not until stage V is reached that any change other than growth takes place. In
stage V there can be seen, just above the neck joining the anterior reservoir with the
middle reservoir and close against the latter, an ectodermal ingrowth (text-fig. 1, ¢).
This is the commencement of the exit tube. It arises from the inner face of the shell fold
in the position described for the adult. In the next stage this ingrowth has passed
into the middle reservoir and formed the distinet cuticular tube projecting into its cavity.

In stage VI, the cavity of the posterior reservoir, although distinct from that of the
middle reservoir, opens into the latter by a broad mouth (text-fig. 1, d). The cells of
the posterior reservoir form a well-defined group extending posteriorly above the
junction of the stomach and liver. They have comparatively large nuclei and their
cytoplasm stains fairly deeply.. Anteriorly the cytoplasm in considerably vacuolated.
This description applies to early specimens of stage VI. In later specimens this rudiment
of the posterior reservoir shows a very marked change. Its cells commence to pass
inwards partly through an overgrowth of the surrounding ectoderm cells, but in addition
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SEGMENTAL EXCRETORY ORGANS OF CERTAIN FRESH-WATER OSTRACODS. 7

some pass directly inwards, retaining connection with the main mass of cells by narrow
necks of cytoplasm. At the same time subsidiary reservoirs appear in the cytoplasm,
not in connection with the main reservoir but running towards it. ~As the cells become
internal they pass ventrally as a group into the cavity of the shell fold. This change is
the commencement of the formation of the elongated pear-shaped posterior reservoir.
It is completed by stage VIIL.

A change in the size of the nuclei takes place during this development. The
nuclei of the cells of the posterior reservoir increase in size up to the time when they
commence to pass inwards, but after this they become markedly smaller. The
nuclei of the cells of the other two reservoirs increase in size progressively with
development.

The Antennal Gland.

The details of the anatomy of the antennal glands can best be seen in stage IIT,
at which stage the glands reach their fullest development. In earlier stages, owing
to the surrounding tissues being closely packed around the glands, it is not possible
clearly to define the details of the anatomy. The main features can, however, be
made out, and it is certain that in all essential points the glands are complete in stage II.
The anatomy could be seen most clearly in Cyprinotus, and in the following account
the anatomy as seen in stage III of this form will be described.

The basal joint of the second antenna, from its point of attachment to the body just
lateral to the most anterior part of the stomach, slopes ventrally and slightly forwards.
About the middle of its length there can be seen a sac, slightly elongated and lying
roughly horizontally with its long axis perpendicular to the body axis. This sac is
the end sac of the antennal gland. It is very similar in histological detail to that of
the maxillary gland as described by Brreorp (1910, p. 20). Its cells bulge inwards
into the cavity of the sac, and their cytoplasm is considerably vacuolated, the vacuoles
sometimes being filled with granular deposits.

The sac is produced into three processes continuous with tendinous supporting strands
(text-fig. 2). One short one runs laterally direct to the ectoderm. The other two are
from the inner parts of the sac. One of these runs directly dorsally alongside the
supra-cesophageal ganglionic masses, and in front of the stomach in order to become
attached to the dorsal parts of the shell. The third divides into two soon after leaving
the sac. The outer branch runs ventro-posteriorly to become attached to the tendinous
plate which joins the transverse muscles of the mandibles. The inner continues as a
muscle strand down the anterior wall of the cesophagus, where it becomes attached
among the cesophageal musculature.

The duct system comprises two distinct parts, a complicated coil consisting of two
cells and a single efferent duct cell. The coil cells are continuous with each other,
and together form a U-shaped mass, the two arms of which lie alongside the lower
anterior edge and the upper posterior edge of the sac respectively. The base of the U
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8 DR. H. GRAHAM CANNON ON THE

is thus obliguely placed, and rests close against the lateral ectoderm. Tnside this mass
of cytoplasm there runs an intracellular duct, the configuration of which can best be
studied by reference to text-fig. 2. It can be said to consist of an inner U continuous
with an outer U. The commencement of the duct from the sac forms the anterior
limb of the inner U. It runs first of all laterally, then dorso-posteriorly, and then
medianly, the three parts thus forming the inner U. It then turns sharply back on
itself and runs dorso-laterally to a pomt just in front of the anterior limit of the liver
on the level of the reflexion of the ectoderm to form the inner face of the shell. This
forms the posterior limb of the outer U. It then runs close inside the ectoderm
antero-ventrally, and finally turns at a sharp angle, and runs medianly again parallel
to the commencing limb of the duct. This completes the outer U. When this last
limb has reached the median limit of the end sac, it turns back on itself at a very sharp
angle and terminates by a very well-marked funnel opening into the efferent duct
cell, the lips of the funnel projecting into the lumen of the latter. The anatomy of
the duct can be seen clearly in figs. 14 and 15, Plate 2. These figures represent two
consecutive sections that together contained the whole of the gland. '

The actual commencement of the duct is not strictly at the surface of the coil cells,
for the lumen continues for a short distance in a tangential direction through the cells
of the end sac. This can be seen in figs. 13 and 15. The lumen exhibits a practically
uniform diameter of about 1:3u. At its opening into the efferent duct cell it enlarges,
the mouth of the funnel measuring about 5p across.*

The layer of cytoplasm immediately surrounding the lumen does not appear to be
differentiated to form any definite walls, and certainly exhibits no radial striation.
In the more dorsal parts of the loop there appears a layer of cytoplasm markedly
homogeneous, that stains a uniform blue in h@matoxylin preparations. It can be
seen from fig. 14 that this layer does not surround the lumen completely, but occurs
only on the outer side.

The two ovoid nuclei of the loop cells contain nucleoli and are very large, approxi-
mately 7p in length. They are situated one on the dorsal and one on the ventral side of
the end sac (fig. 15).

The efferent duct cell is a long cell running ventrally and tapering towards its opening
ab the inner edge of the attachment of the antenna (fig. 14). It is attached dorsally
to the end sac as well as to the loop cells. Its nucleus (fig. 15) is situated very close
to the funnel of the loop. This nucleus is smaller than those of the loop cells, and stains
more intensely. Also it does not appear to contain a definite nucleolus.

The walls of the lumen show no differentiation from the surrounding cytoplasm. The
lumen itself is comparatively wide at its dorsal end, as reference to fig. 14 will show,
and it is into this wide region that the funnel of the loop cells opens. At this level it is
about 4p. in diameter, while at its opening to the exterior it tapers to a minute tube

* The measurements were made from photomicrographs taken by Mr. M. T. Dexng, V-P.RM.S., to
whom the author wishes to express his indebtedness. -
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SEGMENTAL EXCRETORY ORGANS OF CERTAIN FRESH-WATER OSTRACODS. 9

estimated at about 0-3p in diameter—that is, just within the limits of resolution of
the ordinary system of lenses used.

The lumen does not occur centrally in the cell, but passes through its more median
portions, there being only an exceedingly thin layer of cytoplasm along the inner side.

Outer U of coil.

Connection to Inner U of ,CO\”'

dorsal ectoderm. )
A}

\

ENDSAC, J

Entrance of ductjj
info end sac.

Connection to wall

of oes .
qo?Phoqus

musde.

i tion to %

bl ! N @; A

verse mandibular : / aferal eclodertn
|

‘~Basa| ioin§
of antenna.

-

EXIT of Antennal Gland.
TexT-FI¢. 2.—Diagrammatic front view of Antennal Gland.

Owing to this fact and the fact that there are no differentiated walls to the lumen, in
transverse sections of the larvee, the efferent duct cell was not recognised as such for
a considerable time. TIts more lateral portion, together with the nucleus, appeared
as a typical mesenchyme cell that occur throughout the body. The exceedingly thin
median wall appeared as a minute connecting strand running from the loop cells to
the ectoderm. This led to the anomalous conclusion that the duct of the loop cells
opened by its funnel into the hemoceele. It was, of course, chiefly on transverse
VOL. CCXIV.—B. ¢


http://rstb.royalsocietypublishing.org/

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

10 DR. H. GRAHAM CANNON ON THE

sections that the observations in this paper were made. Frontal sections of the larvee,
however, were then made, and these cut the efferent duct cell transversely. Here
the cause of the difficulty became apparent, and the lumen could be traced as a continuous
tube running from the funnel to the exterior. ‘

Later stages of the larvee show a progressive degeneration of the structure of the
antennal glands. The first change noticeable occurs in stage V, where the funnel of
the loop system becomes closed (fig. 12). At the same time the efferent duct cell
shows signs of breaking down. TIts lumen disappears and its nucleus becomes smaller
and more darkly staining. In later stages the remains of this duct cell cannot with
certainty be recognised. The cytoplasm of the loop cells, especially in the more ventral
portions, gradually becomes filled with granules and larger ovoid bodies that stain grey
with heematoxylin after . W.A. fixation (fig. 13). These appear similar to those occurring
in the terminal portion of the cytoplasm of the duct cells of the maxillary gland (fig. 9).
- In stages V and VI the remainder of the funnel can still be seen as a blind ending
to the loop duct (figs. 12 and 13). In the adult, however, the portion of the duct that
originally led up to the funnel dwindles away into the cytoplasm, now full of the
inclusions just mentioned.

In stage VI onwards, surrounding the actual commencement of the duct, that has
already been described as passing through the cytoplasm of the end sac cells, there
appears a fibrillar structure that apparently acts as a sphincter. It consists of three
sets of fibrils. Two of these are placed on the side of the duct nearer the cavity of
the end sac and together form a V-shaped gutter along which the lumen passes. The
third is placed on the outer side of the lumen and nearer to the actual entrance of the
duct into the cavity of the end sac, and this completes the triangle of fibrils. There
always appear to be two nuclei close against the fibrils (fig. 13). 'T'his sphincter arrange-
ment cannot be distinguished in the early stages when the loop duct is in continuity
with the efferent duct cell. It is only after the latter has broken down that the sphincter
can be demonstrated. In Cypridopsis vidua it was observed as early as stage VI, but
in the other forms it was seen only in sexually-mature forms.

The Maxillary Gland.

The structures taken by CLAUS to represent the maxillary glands are a pair of glandular
organs situated between the maxillulary and the maxillary segments immediately
posterior to the hypostome. They have been described in detail by Brrcorp (1910,
p- 22), and were called by him the “ Maxillipedal Glands ” (Maxillarfussdriise).

The actual maxillary glands, as BercoLp first pointed out, lie immediately behind
and lateral to these structures. They extend posteriorly into the segment of the first
trunk limb, and dorsally almost to the line of reflexion of the ectoderm, to form the
shell fold. Hach exhibits the typical structure of an end sac with an efferent duct

leading towards the exterior. These ducts, however, do not open to the exterior,
as maintained by Brrcorp (1910, p. 21). Also, their entrance from the end sac is


http://rstb.royalsocietypublishing.org/

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

SEGMENTAL EXCRETORY ORGANS OF CERTAIN FRESH-WATER OSTRACODS. 11

surounded by a complicated skeletal structure, probably acting as a valve. This is
not mentioned in BERGOLD’S description.

The end sacs show no marked peculiarities. Their walls consist of a single layer
of cells projecting in an irregular way into the cavity of the sac. 'The protoplasm of the
cells is considerably vacuolated, many of the vacuoles containing granular precipitates.
The sacs are roughly pyramidal in shape, their apex pointing upwards. The most
dorsal portions appear to be gripped in the general mesenchyme of the body cavity
and to be fastened close against the lateral ectoderm. The base of the sac is fastened
posteriorly by a connective strand to a tendinous plate lying between the first and
second trunk limbs just above the ventral ectoderm, and to which also the muscles of
these limbs are attached. These endoskeletal plates have been figured and described
in an Ostracod by Dapay (1895). '

‘ __,.Ascendinq limls ~

END SAC of duct. -

,Descendinq limbr_

\ -~ of duct.

_Entrance _
into sac.

C ;
Text-r16. 3.—Two diagrammatic views of maxillary gland. That on the left shows the lateral aspect,

that on right shows the same gland viewed from the front. At the top right-hand corner is a
diagram representing the arrangement of fibrils in the valve system.

The anterior part of the base of the end sac is formed by the skeletal valve. This
valve consists of three cells only that together form a structure tetrahedral in form.
It can best be described by reference to text-fig. 3. The four corners of the tetrahedron
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12 DR. H. GRAHAM CANNON ON THE

have been marked A, B, C and D  The corners A and C are connected directly to the
ectoderm, A to the lateral ectoderm just dorsal to the attachment of the maxilla to
the body, and C to the ectoderm forming the most median part of this same attachment.
The corner D is fastened to the anterior prolongation of the floor of the end sac. The
corner B is attached to a complicated tendinous system. (This is figured diagram-
matically in text-fig. 4,d, p. 14). It will be seen that this corner is held in position
mainly by three connective strands. One of these runs backwards to the tendinous
plate already mentioned as lying between the bases of the first and second trunk limbs.
The other two pass forwards, one, the smaller, to attach to a similar plate lying between
the maxillulary and the maxillary segments ; the other attaches to the large tendinous
plate forming the median part of the adductor muscle. On reaching this plate it turns
sharply at right angles, and is continued as part of the adductor muscle to the lateral
attachment to the shell.

The face ABD forms part of the floor of the end sac. From the middle of this face
a tubular space, surrounded by the three cells, passes to the middle of the face ACD.
The latter faces antero-laterally, and from it the efferent duct commences, the duct
being continuous with the tubular space. In the cytoplasm of the three valve cells
and surrounding this tube are two triangles of fibrils, probably contractile or elastic.
The one forms the sides of the face ABD and so guards the entrance to the end sac
while the other constitutes the sides of the face ACD, thus surrounding the entrance
to the efferent duct. It will be seen that the fibrils running between the points A and B
are common to both the triangles. The whole structure is represented in figs. 10 and 11.
The cytoplasm of the three cells is markedly homogeneous and free from inclusions.
In hrematoxylin preparations it remains practically unstained.

The efferent duct consists of a syncytium of four cells. The continuous cytoplasm
of this duct system extends from a point immediately dorsal to the apex of the end
sac, runs ventrally in contact with the anterior edge of the sac, and then curves round
posteriorly underneath the connection of the valve system to the lateral ectoderm.
This last portion rests against the lateral ectoderm on a level with the base of the end
sac. Three of the nuclei are situated near the apex of the system, while the fourth,
which is much larger than the rest, is situated in the most ventro-posterior part of the
system. The duct, from its origin at the valve runs forward for a short distance and
then passes dorsally close against the end sac wall to the apex of the system, where
it turns back on itself and passes ventrally to dwindle and disappear in the cytoplasm
near the large nucleus at the posterior part of the duct system. There is thus an
ascending and a descending limb of the duct. These two limbs are of equal and
uniform calibre throughout their length. The commencement of the duct, however,
is always swollen. This is usually not more marked than is indicated in text-fig. 3,
but it may be very pronounced. Thus, in the fully adult Cyprinotus it is enlarged
into a sac with much-folded walls.

The layer of cytoplasm immediately surrounding the lumen of the duct shows a
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SEGMENTAL EXCRETORY ORGANS OF CERTAIN FRESH-WATER OSTRACODS 13

homogeneous structure. In hematoxylin preparations after F.W.A. fixation this
layer attains a uniform blue contrasting with the surrounding cytoplasm that shows
a more neutral tint. The radial striation described and figured by BrrcorLp (1910,
p. 21, and figs. 21-24) as a typical ““ Stibchensaum,” appeared in some preparations
of fully adult specimens, but in these cases comparison with the other tissues
indicated that such a structure is probably due to bad fixation. In no preparation
was a layer of basal granules beneath the striated layer indicated.

The cytoplasm through which the ascending and descending limbs of the loop pass
is slightly vacuolated. The terminal ventro-posterior cytoplasm in which the duct
finally disappears is also vacuolated, but in the adult stages becomes crowded with
granules and ovoid bodies similar to those already described as occurring in the
cytoplasm of the antennal gland duct cells.

The whole gland, in common with all the other organs of the body is embedded in
the general body mesenchyme. The latter does not, however, as maintained by
Brrcorp (1910, p. 21), invest the gland completely like a sheath. No difficulty was
found in distinguishing, in good preparations, the limits of the cytoplasm of the duct
system. The difficulty experienced by BrreorLp was probably due to his using a
sublimate fixative.

The Development of the Maxillary Gland.

In stage I the post-mandibular mesoderm forms a continuous ventral mass of cells
which extends somewhat dorsally at the sides of the gut.

In stage 11, with the appearance of the caudal furca, the most posterior part of this
mesodermal mass becomes differentiated into the furcal muscles. Anteriorly the
rudiments of the maxillulee are visible, but their musculature is not yet differentiated.

In stage IIT, the maxillulee having appeared as free appendages, the most anterior
part of the mesoderm has become differentiated as the maxillular musculature. In
between the maxillular segment and the caudal furca, the mesoderm still forms, in
the youngest specimens of this stage, an undifferentiated ventral mass. In older
specimens, however, there is a marked differentiation in the more anterior portion
(text-fig. 4, @). Tt appears divided into two lateral lobes overlying the most posterior
part of the primordium of the nerve cord. These two lobes give rise to the glands
called by Brrcorp the “ Maxillipedal Glands.” From these two lobes there extend
posteriorly two groups of cells which constitute the primordia of the end sacs of the
maxillary glands (fig. 1, Plate 1). They form elongated structures sloping upwards and
outwards, in continuity anteriorly with the mesodermal mass, and dorsally connected
to the lateral ectoderm by ectodermal connective strands. They appear to become
separated from the more ventral mesoderm by being lifted up through the growth of
the lateral ectoderm to which they are attached.

In stage IV, the stage in which the maxillee first appear as free, movable appendages,
the end sacs show the first indications of a cavity, fig. 2. Their connection with


http://rstb.royalsocietypublishing.org/

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

14 DR. H. GRAHAM CANNON ON THE

the ““ maxillipedal glands” becomes drawn out into a single string of cells (text-
fig. 4, b, and fig. 2, ¢), until in older specimens of this stage it forms merely a thin
connecting strand.

Posterior meso-
dermal ‘mass: g

Rudiment -of
?'bxi"epeda!

Valve rudirment. Duct Sys/f;m. ;
b-Iv c-=V
TexT-F16. 4.—A series of four diagrams illustrating the development of the maxillary gland. The last
diagram illustrates connections of maxillary gland with endoskeletal system.

A most important characteristic of this stage is the appearance of the primordia of
the valves. These appear on each side as a group of three ectodermal cells (fig. 2,
pw.s.) placed immediately ventro-lateral to the most anterior portion of the end sac.
They are arranged in a triangle the apex of which points inwards. The apex is
connected by a very thin ectodermal strand with the median ventral ectoderm in the
same transverse plane. The three nuclei are grouped close together, but at this early
stage show no marked difference from the surrounding ectoderm nuclei. If anything,
they are slightly larger.

Up to this stage the maxillary glands are represented only by the end sacs and the
valves, the primordia of the duct systems not yet having appeared. These appear
first in stage V.

In stage V there can be seen just anterior and slightly dorsal to the valve rudiment
an intucking of ectoderm. From text-fig. 4, d, it will be seen that this occurs between
the bases of the maxillulee and the maxillee. From it there extends an ingrowth of
ectodermal cells that passes dorsally over the median connective of the valve rudiment,
and then posteriorly to form a tongue of cells Iying close against the dorsal surface of the
end sac (text-fig. 4, ¢, and figs. 3and 4, d.c.). In this tongue there can be seen three nuclei
slightly elongated and larger than the ordinary ectodermal nuclei (fig. 4). These form
the nuclei of the ascending and descending limbs of the duct. In the more lateral part
close to the valve rudiment there can be seen a larger spherical nucleus (fig. 3, t.n.d.s.)
that is the terminal nucleus of the duct system. In the specimen figured in figs. 3 and


http://rstb.royalsocietypublishing.org/

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org

SEGMENTAL EXCRETORY ORGANS OF CERTAIN FRESH-WATER OSTRACODS. 15

4 there were indications in the cytoplasm of this ingrowth, of minute channels that -
undoubtedly represented the beginnings of the lumen of the duct system.

At this stage the valve rudiment has enlarged, the nuclei now being distinctly larger
than the surrounding nuclei. Its median connection no longer runs direct to the median
ectoderm but is raised up in connection with the complicated system already described
in the account of the adult gland. The end sac has also enlarged. Its connection with
the maxillipedal glands is sometimes broken, but sometimes, as in fig. 3, ¢, there is still
a very thin connection passing over the valve rudiment and under the duct system
rudiment. In all later stages it is broken completely. ’

In stage VI the adult facies of the gland is attained. The further development of
the valve system is the most marked change that takes place during this instar. Instead
of forming a triangle of cells with one side resting in the lateral ectoderm, it still forms
a triangle but retains connection with the lateral ectoderm merely by one corner (fig.
8, l.c.v.s.), the other two corners extending inwards. One of these forms the median
connection already described, while the other is connected to the inner ectoderm at the
base of the maxilla. Here again this alteration appears to be brought about by a rapid
growth of ectoderm in between two of the cells resulting in the pushing apart of those
two cells, one cell thus passing from the outer side of the base of the limb to the inner
side. This growth takes place during the VIth stage and not suddenly at an ecdysis.
This can be seen from the series of figs. 5, 7 and 8, all of which are from stage VI larvze.
In fig. 5 the three nuclei still form the triangle characteristic of the earlier stages. Fig. 7
shows two of the nuclei moving apart, while in fig. 8 the connections of the valve are
typical of the adult. Once the adult connections are made the development of the
fibrils takes place. It is not, however, until the fully adult stage is reached that their
arrangement can be made out with any certainty.

The change in the attachments of the valve that takes place during this instar appears
at first sight very extraordinary, but it must be remembered that during this instar
there must be, in the maxille, a complete reorganisation of the ectoderm underneath
the cuticle, preparatory to the change that takes place at the succeeding ecdysis of the
form of the maxilla from a simple pediform limb to a typical maxilliform appendage.

Part passu with the alteration in the primordium of the valve, the terminal cell of
the duct system grows backwards through the arch formed by the moving apart of the
two valve cells (figs. 7 and 8). In so doing it grows over the inner surface of the more
posterior ectoderm cells (fig. 8, ¢.n.d.s.), the nucleus passing at the same time to its adult
position posterior to the valve system. In the earliest specimens of stage VI the lumen
of the duct system can be seen as a minute channel in the form of an ascending and
a descending loop (figs. 5 and 6). In the later specimens the ascending limb can be
seen very clearly commencing from the centre of the three valve cells (fig. 8, e.e.s.),
while the descending limb disappears near the terminal duct nucleus as in the adult
(fig. 8, t.d.)

At this stage the portion of the duct system where the descending loop bends
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16 DR. H. GRAHAM CANNON ON THE

posteriorly is still in the ectoderm. In later stages this portion becomes overgrown by
the surrounding ectoderm so that in the adult the whole gland is internal.

Discussion.

It has already been pointed out in the introduction to this paper that it was Craus
who first described the * shell gland ™ of the fresh-water Ostracods as corresponding to
the antennal gland of other Crustacea. Apart from the question whether Craus was
correct or not, his statements led to an unfortunate confusion of terms. The term
‘ Shell Gland ”” was used originally to denote the segmental excretory organs of Daphnids
because they happened to occur in the cavity of the shell fold. But in Daphnids
these glands are the maxillary -glands, and in using the same term in the case of the
Ostracods, it naturally appeared to suggest that some homology existed between the
Ostracod ““ shell gland ”” and that of the Daphnids. This, however, was not Craug’
view, and it would have been better had he avoided the name ““ Shell Gland ” and used
the term Antennal Gland in the case of the Ostracods. Recent writers appear to be
abandoning the term “ Shell Gland ” as applying to segmental excretory organs (e.g.,
GIRSBRECHT, 1913, p. 152), and so, in this paper, it has been used simply to imply a
gland occurring in the shell fold.

Craus’ view of the shell gland was based on his observation that it exhibited two main
parts, one of which, the posterior reservoir, he identified as the end sac and the other as
the efferent duct. Its opening to the exterior, however, he did not observe. BercorLp’s
conclusions were based on his own more complete description of the anatomy of the
gland, and it has already been mentioned that the description given in the present paper
agrees in all essentials with his.

Of the three main divisions of the gland described, Bercorp also considered the
posterior reservoir to represent the end sac. The anterior reservoir he took to represent
the loop canal (Schleifenkanal) or ureter (Harnkanilchen), while the middle reservoir
he considered as an enlargement of the latter. He termed it the hind-sac (hintern
Sacke) (Bergonp, 1910, p. 13).

The evidence upon which Brrconp bases his conclusions is briefly as follows.
The external opening of the gland is situated not far from the base of the second
antenna. This is true, but the actual opening is formed by an ectodermal ingrowth
from the inner surface of the shell, and it remains to be shown whether the shell or any
part of it can be considered as belonging to the antennal segment.

The actual relationship of the shell to the segments of the Ostracod body is not at all
clear. Some authors, e.g., GIESBRECHT (1913, p. 227), maintain that the carapace of
Crustacea has no value in phylogenetic comparisons. (arman, however (1919, p. 363),
considers that it was present in the ancestral stock of the Crustacea, in which case the
Ostracod shell must be considered as homologous with that of the Conchostraca. In the
latter group there is evidence (CaNNow, 1924, p. 408) that it is formed entirely as a paired
outgrowth from the maxillulary segment. But, if this is so, it is difficult, assuming
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the homology of the Ostracod and Conchostracan shell, to explain the fact that, while
the newly hatched larva of the Ostracod shows only the three typical pairs of naupliar
appendages and exhibits no trace of maxillulee, it yet possesses a fully formed bivalve
shell. However, the adductor muscle of this earliest stage is not the adult adductor
muscle, but is a portion of the mandibular transverse muscle, separated laterally from
the rest but attached to the same median tendinous plate. The adult adductor muscle
appears first with the maxillulee in the second larval stage. The small anterior mandi-
bular adductor muscle persists throughout life separated from the larger maxillulary
adductor muscle by the dorso-ventral muscles of the maxillulze.

The fact that in the so-called nauplius the adductor muscle belongs to the mandibular
segment does not necessarily indicate that the shell-fold must also be derived from that
segment. It is equally probable that the precocious appearance of the shell is a larval
adaptation, and that, in growing forward over the naupliar limbs, the shell-fold has
utilised portions of the muscles, already différentiated in those segments, to serve as
adductor muscles. Tt will be recalled that in Daphnids and Estheria the shell-folds grow
backwards first of all, while in the Ostracod nauplius the greater part of the shell is in
front of the mandibular segment, the adductor muscle being at its posterior end.

Tt is clear, then, that the segmental origin of the Crustacean carapace is still unsettled,
and hence the fact that the opening of the  shell gland ” occurs near the hase of the
antenna, but actually on the shell-fold, cannot be considered as evidence either in favour
of or against the view that the “ shell gland ” is really the antennal gland.

BErGOLD’S next point is that the ureter (the anterior reservoir) enlarges to form a
“bladder ” (the middle reservoir) before opening to the exterior, and this corrresponds
closely with the ureter of the antennal gland of Mysis and Siriella, as described by
GroBBEN (1880). In Mysis there is a long coiled tube which leads from the end sac
to the exterior, and which, after many coils, enlarges to form a sac and then opens to
the exterior. But even supposing that the posterior reservoir does represent a typical
end sac, the anterior reservoir should not be termed a ureter, as it does not lead from
the end sac to the exterior. It forms a cul-de-suc leading from the middle reservoir,
as reference to text-fig. 1 (), or BErGoLD’s figure 14 (1910) will show. The latter, how-
ever, is not as critical as might be desired, but the statements in the text leave no
doubt as to BEraoLp’s conception of the anatomy of the gland. Thus he states (1910,
p. 14) 1 “ Das vordere Ende des Schleifenkanals endet blind. Der hintere Teil miindet
von auszen in den ‘ hintern Sack ’ ein, den man als Differenzierung der hintern Partie
des Harnkanilchens anzusehen hat.” It would have been more correct if the middle
reservoir had been termed the ureter, as it is into this that the ectodermal exit tube
projects, and thus it can, in a sense, be considered as a duct leading from the supposed
end sac to the exterior. It has not the typical tubular form, but its bladder-like form
might be compared with the ““ ureter ” of certain Cirripedes, as described by DerNEr
(1910).

Finally, BercoLp states that the exit tube from the middle reservoir to the exterior

VOL. CCXIV.—B, D
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18 DR. H. GRAHAM CANNON ON THE

is lined by cuticle, and hence deduce that it must be formed by ectodermal cells. He
indicates the similarity in this respect to the ducts of the antennal glands of Gammarus,
Siriella and Mysis. However, as early as 1880, GRoBBEN had described the antennal
glands of Estheria, in which there is no cuticular lining, to the efferent duct.

It is thus clear that BeraoLDp found little real evidence to urge in favour of considering
the shell gland as a typical antennal gland. If now, the account of the development of
the shell gland given in this paper is accepted as correct, it follows that the gland cannot
in any way be considered as homologous with the segmental excretory organ of any
other Crustacean. The one essential of any such organ is that its end sac must repre-
sent the remains of the ceelom and therefore must be mesodermal in origin. The origin
of the efferent duct, as will be pointed out later, is different in different forms and hence
has no critical value in this respect. Now that part of the gland considered by Bereorp
and others to represent the end sac is the one part of the gland of which it can be said
definitely that it is ectodermal in origin, and therefore that it cannot constitute the
end sac of a crustacean segmental excretory organ. What the origin of the other two
parts of the gland may be cannot be said, but this is immaterial as it has never yet been
suggested that either of these represents the end sac. Apart, however, from the
development of the gland, the simple fact that in the base of the antenna there occurs
an organ that, as will be shown later, agrees in all essentials with the antennal gland of
Estheria, is alone sufficient to indicate conclusively that the shell gland cannot represent
the antennal gland.

The actual function of the shell gland is not at all clear. A point in its development
that suggests that its present function is secondary, is that it originates in connection
with the outer ectodermal shell fold, but later develops a connection with the inner
layer, and finally loses all connection with the outer. Thus it may represent an ecto-
dermal gland that was present before the shell fold originated, and that, with the develop-
ment of the latter, the inner end of the gland found itself in contact with the inner
layer of ectoderm and acquired a new opening in this region.

Brrcorp’s description of what he terms the antennulary gland is not at all clear.
His only description of its position in the body is in the sentence (1910, p. 12) : ¢ Dicht
unterhalb der Leber liegt, horizontal ausgebreitet, die kleine sackférmige Driise der
1. Antenne.” From the first part of this statement it is difficult to imagine why he
considered it as belonging to the antennulary segment at all. No part of the antennule
lies underneath the liver. The antennules are attached to the body on either side of
the median eye on a level that is dorsal to the upper surface of the gut. The liver,
on either side, is produced from the antero-dorsal part of the stomach and slopes down-
wards and backwards in the cavity of the shell fold, so that no part of the liver can
ever lie above any part of the antennule. On the other hand, the antenne are attached
to the body directly underneath and somewhat in front of the junction of the liver
and the stomach. If then BrraorLp’s description of ““dicht unterhalb der Leber ”
describes accurately the position of the sac that he discovered, then that is evidence
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that the sac was actually the end sac of the real antennal gland. In addition to this,
however, the figure that he gives of this sac agrees fairly well with those of the end sac
of the antennal gland given in the present paper. Also he states that the hind part of
the sac was drawn out into a point and attached to the endoskeleton (1910, p. 12).
This is probably the tendinous strand that passes from the ventro-posterior part of the
antennal gland end sac to attach to the median tendinous plate joining the transverse
muscles of the mandibles. Tt can be taken then as practically certain that Beracorp’s
antennulary gland represents merely the end sac of the antennal gland. The reasons
that he did not discover the duct system are probably, first, that he was working only
on adult forms, and in these the duct system is always more or less degenerate, and
secondly, that the methods of fixation used were not delicate enough to fix the duct
cells.

The duct system of the antennal gland appears at first sight a very complicated
structure, but comparison with the duct of the antennal gland of Estheria, Branchipus
or Artemia shows that the duct system is built on the same fundamental plan in both
cases. In these Branchiopods and in the Ostracods the duct is formed of three cells
only. In both cases the two cells nearest the end sac contain a duct in the form of a
loop that leads from the sac to the third cell which has the form of an elongated tube
leading to the exterior. The loop is simple in the case of the Branchiopods, whereas in
the case of the Ostracods it has the form of the double U that has been already described.
I'f the simple Branchiopod loop is imagined as being pulled out and wrapped round three
sides of the end sac then the condition found in the Ostracods is obtained. The peculiar
angles in the Ostracod duct appear to be due to the duct cells being attached to the
ectoderm, the rapid growth of the ectoderm pulling out the parts of the tube in between
the points of attachment. In HKstheria and in Chirocephalus no such attachment
obtains. In part, no doubt, the shape of the loop is due to the end sac enlarging and
pushing in between the two nuclei of the loop cells. In the Ostracods, in contrast to
the Branchiopods there is not much room for the expansion of any one organ. In
Hstheria the end sac could enlarge considerably without pressing on the duct cells.
In the Ostracods, on the other hand, if the end sac enlarges out of proportion to the
surrounding organs it must press outwards in between the two loop cells. _

The walls of the intracellular duct in the case of the Ostracods are remarkably similar
to those of the homologous duct of Estheria. The cytoplasm of the loop cells, however,
does not correspond in the two cases. In Estheria the more peripheral layer is full of
darkly staining rods, radially placed, while a reservoir occupies the more central parts.
No such' arrangement can be seen in the Ostracods, the cytoplasm merely being
considerably vacuolated.

The entrance of the duct into the end sac in both cases is surrounded by a triangular
system of fibrils. In Estheria they appear very early, whereas in the Ostracods they
can be seen only when the gland has commenced to degenerate.

The peculiar funnel opening of the duct of the loop cells into the efferent duct cell

D2
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has no counterpart in Hstheria. In the latter the lumen of the duct of the antennal
gland is of uniform calibre throughout and also the cytoplasm of all three cells of the
duct system is continuous. However there appears no reason for considering this funnel
to have any special ‘morphological significance. Its presence is probably connected
‘with the fact that the lumen of the efferent duct cell is considerably wider than that of
the loop cells.

Apart then from these details of structure, the antennal gland of the Ostracods
examined agrees very closely with the antennal gland of those Branchiopoda in which the
anatomy has been described.

A comparison of the antennal gland with maxillary gland of the Ostracods described
in this paper also shows a considerable degree of resemblance. The general construc-
tion is the same in the two glands and is, of course, typical. The end sacs are very
similar in their histological details. The development of the maxillary end sac indicates
clearly that it must represent a ccelomic sac. Its cavity appears as a split in a mass
of mesoderm and never has any communication with the heemoccelic body cavity.

It is in the ducts, however, that the most interesting similarity is to be found. The
ducts are both intracellular and in both cases are constituted of a few cells only, three
in the case of the antennal and four in the case of the maxillary gland. But whereas
the former, at the maximum development of the gland opens to the exterior, the latter
does not at any stage develop direct communication with the exterior. In all stages up
to the adult it dwindles away in the cytoplasm of a cell in the ectoderm, while in adult
stages this cell becomes overgrown by the surrounding ectoderm. This difference
between the two ducts is probably not of much importance. There are several cases
in which excretory ducts have been described as disappearing in an ectodermal cell
without opening directly to the exterior. Thus in Dinophilus according to SHEARER
(1906, p. 525), the excretory canals end in vacuoles in the cytoplasm of ectodermal
cells. In Sternaspis (GoopricH, 1897, p. 235) and in the genus Capitella (Ersia, 1887,
p. 272) a similar condition obtains. In none of these cases, however, is the ectodermal
cell in which the excretory duct terminates overgrown by the surrounding cells.

In the Ostracods it is quite probable that at the stage when the terminal duct cell
becomes completely internal the maxillary gland has ceased to function as an excretory
organ, excretion being carried out by the gut or some other organ. The histological
details of the maxillary gland of the adult, compared with those of other organs, support
this idea. The cells of the end sac are full of large vacuoles, while their nuclei are deeply
staining degenerate masses. 'The outline of the end sac itself is difficult to distinguish.
The cytoplasm of the duct cells also becomes choked up with deposits usually taken to
represent excretory masses. According to Burian and Muta (1921, p. 678) no other
excretory organs have as yet been demonstrated in Ostracods by the usual methods,
but very little work has been done on the problem and most probably a less crude
technique than that usually employed would indicate other organs of excretion than the
segmental organs.


http://rstb.royalsocietypublishing.org/

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

B

THE ROYAL
SOCIETY

PHILOSOPHICAL
TRANSACTIONS
OF

Downloaded from rstb.royalsocietypublishing.org
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The commencement of the ducts from the end sac in both antennal and maxillary
glands is surrounded by a structure containing a triangular network of fibrils,
probably functioning as a valve. The two valves appear, however, very different.
In the antennal gland the fibrils develop in cells that are apparently part of the end
sac, and so mesodermal in origin, whereas the valve of the maxillary gland is entirely
an ectodermal structure. This suggests that the two valves represent merely similar
structures evolved in relation to similar physiological processes. The development of
the antennal gland, however, has not been worked out, and it is possible that the cells
containing the fibrils in this gland are similarly ectodermal cells, but have become
incorporated in the end sac so as to be indistinguishable from the surrounding end sac
cells. Leaving apart, however, the question of the origin of the valve, if the ducts of
the two glands are compared it is obvious that they are really so similar that it is
reasonable to deduce that they represent homologous structures. This similarity is
emphasised in text-fig. 5.

ESTHERIA.
Antennal Gland.

Vo »
\ CYPRIS, ey |

\ ;
. Antennal Gland. L
\\ A L %
\ . 4:’/ i
\ e
\ v
L} -
1
t
\\\’ . a‘i‘: P
\‘\\ o
\ -
\ -~
.
AN

CYPRIS.

Max‘i!lury Gland

TexT-F1¢. B.—A series of diagrams comparing various
Crustacean segmental excretory organs. The duct in
each case is figured solid black.

In the case of the valve of the maxillary gland, its development and its close
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22 DR. H. GRAHAM CANNON ON THE

connection with the complicated endoskeletal system suggest that it is a specialised
portion of the latter. This view is supported by a close similarity between its develop-
ment and that of the ingrowth of ectodermal cells to form plates serving as trochleas
for the muscles of the second antenna as described by HumperDINCK (1922, p. 647)
in Polyphemus.

The development of a muscular structure, such as the valve of the maxillary gland
possibly is, from ectodermal cells, is not without parallel. SraFr (1910, p. 251) has
shown in Criodrilus* that the circular muscle cells develop from ectodermal cells. It
is equally probable, however, that the fibrils are elastic rather than muscular, as
suggested by TER-PocHOSSIAN (1909, p. 14). In either case their connection forward
by a thin tendinous strand to the adductor muscle is significant. 1t has been stated
already that this connective, after running forwards to the tendinous plates of the
adductor muscle turns sharply at right angles and is continuous with part of this muscle,
Contraction then of the adductor muscle will presumably pull this connective strand
forwards. From text-fig. 4 (d) it is clear that such a forward movement would exert
a lateral tension on the valve. Probably by this mechanism, when the shell is closed
the valve of the maxillary gland is also automatically closed, thus preventing the escape
of the excretory fluids into the shell cavity.

Comparing now the maxillary gland of the Ostracod with that of Kstheria, it is
clear, if the development of the ducts is taken into account, that the two structures
are quite different. They are only partly homologous. It was stated by the author
(1924, p. 419), referring to the antennal and maxillary glands of Estheria, “ There
are certain points . . . that indicate that while the end sacs of both glands may
be the remains of ccelomic cavities, the ducts may be of different origin, and hence
not homologous.” In the present paper it has been shown that this is the case if the
maxillary glands of Istheria and the fresh-water Ostracods are considered. In
Estheria the duct is a coelomiduct outgrowth, whereas in the Ostracods it is an ectodermal
ingrowth. Therefore, the glands must not be considered strictly as homologous,
There appears no reason to assume that the Ostracods are unique in the development
of their maxillary glands, and hence it is clear “ why such diverse reports occur as to
the germ-layer origin of the ducts of the Crustacean excretory glands.”

What the ectodermal type of duct actually represents is not at all certain. The
author suggested, from a comparison of adult structures alone, that this type of duct
may represent an ectodermal gland with which a ccelomic sac has made connection
(1924, p. 421). From the account of the development of the maxillary gland described
in the present paper there appears no reason for withdrawing this suggestion.

An attractive alternative, however, advocated by many authors, is that the duct
represents the Annelid nephridium. If, in making this comparison, only the more
primitive nephridia of the Annelids are considered, then there is nothing in the

* Since writing the above the author has discovered that a whole series of muscles in Chirocephalus
diaphanus are of ectodermal origin (‘ Nature,” vol. 115, p. 458).
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development of the maxillary duct that is incompatible with this view. The duct,
as in the case of the Annelid nephridium, is formed by a solid ingrowth of ectodermal
cells, and in this an intra-cellular lumen develops later. A comparison of the figures
of the developmental stages of the protonephridia of Polygordius (SHEARER, 1908,
figs. 29 and 31, Pl 27), or even of the larval nephridia of Dreissensia (MEISENHEIMER,
1900, figs. 87-91, Pl. 8) with the developmental stages of the maxillary gland duct of
the Ostracod shows a very close similarity.

In addition to homelogising the excretory gland ducts with the Annelid nephridium
Vespovsky (1901, p. 394) suggested, further, that the valve apparatus (‘I'richterventil)
guarding the entrance of the duct to the end sac represented the Annelid nephrostome.

The Annelid nephrostome may be either simply a differentiation of the terminal
cells of the nephridium and so purely ectodermal in origin, e.g., as in Polygordius,
or it may be a more complex structure into the constitution of which mesodermal
elements enter, e.g., as in Lumbricus. With regard to the latter, which was the type
considered by VErpovsky, there is no embryological evidence that the valve cells are
ever mesodermal in origin. The evidence adduced by VEIDOVSKY was entirely from
adult structures, and is not at all convincing. He did not, however, consider the
question as settled. His main point in favour of the ccelomic origin of the valve
apparatus was that it was continuous with and stained the same as the end sac wall.
But, as was indicated earlier in this discussion in connection with the antennal gland
valve, this is not proof that the valve cells are mesodermal in origin.

With regard to the purely ectodermal type of nephrostome, in those cases in which
the development has been studied, e.g., Polygordius, the nephrostome is formed from
cells forming the tip of an ectodermal ingrowth, the remainder of the ingrowth forming
the duct of the nephridium. In the maxillary gland of the Ostracod the valve cells
and the duct cells are both ectodermal in origin, and hence together might be compared
to the complete nephridium with its nephrostome. But the fact that the valve rudi-
ment arises separately from the rudiment of the duct cells shows clearly that this can-
not be the case. More definite evidence against this comparison is the fact that the
valve arises before the duct. In stage IV the valve rudiment is distinct while there
is still no sign of the rudiment of the duct cells. If then the valve did represent a
nephrostome, the Ostracods would present the anomalous case of the nephrostome
arising before the nephridial duct.

It has already been indicated that, in the opinion of the author, the valve system
should be considered as a specialised part of the endoskeletal system. The fact just
mentioned that the valve arises before the duct, fits in with such a view. Probably
originally the valve cells only supported the base of the end sac just as do those cells
that connect the end sac posteriorly to the endoskeletal plate or like those cells that
support the antennal gland end sac. Later, while retaining their supporting function,
they became incorporated into the excretory mechanism. Whether the junction of the
duct system with the end sac was made through the three endoskeletal cells or whether
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the latter only later surrounded the junction cannot be said with certainty. The
developmental processes suggest that the former was the case, If the junction had been
established before the valve control, it is clear from the method of development that
the valve rudiment would have had to cut through the junction in order that the three
valve cells might surround it. It appears more probable that the valve system was
already established simply as a triangle of tendinous connectives, and that the duct
system, whatever this may have constituted at this stage, made connection with the end
sac through this triangle.

Summary.

(1) A typical arthropodan segmental excretory organ occurs in both the antennal
and the maxillary segments of the fresh-water Ostracods.

(2) The antennal gland consists of an end sac with an intracellular duct leading to
the exterior consisting of three cells only. The entrance of the duct into the end sac is
guarded by a triangle of fibrils occurring in the substance of cells otherwise indistinguish-
able from the surrounding cells of the end sac. The gland attains its maximum develop-
ment in the fourth larval stage, after which it loses connection with the exterior and
degenerates. :

(8) The maxillary gland consists of an end sac with an efferent intracellular duct con-
sisting of four cells only. The four cells are completely covered by ectoderm and the
duct dwindles away in the cytoplasm of the terminal cell. The entrance of the duct
into the end sac is surrounded by a complicated valve. This consists of three cells in
which occurs a double triangle of fibrils and which are connected to the ectoderm and
endoskeletal system.

(4) The end sac develops from a mass of mesoderm that separates very early in the
maxillary segment. A cavity develops in this mass which at no stage opens into the
heemoceele. The intracellular duct is formed from an ingrowth of ectodermal cells
that finally become overgrown by the surrounding ectoderm. The valve is also ecto-
dermal in origin and represents a development of the endoskeletal system.

(5) The “ shell gland,” which has previously been described as the antennal gland, is
of unknown function and is in no way serially homologous with the true segmental
excretory organs. It consists of three reservoirs, an anterior, a middle and a posterior
reservoir. A cuticular invagination from the inner surface of the shell leads into the
middle reservoir and serves as an exit for the secretion of the gland.

(6) The development of the ““ shell gland ”” has been partly described. The posterior
reservoir which has previously been described as a typical end sac arises from a group
of ectodermal cells in the outer layer of the shell fold.
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DESCRIPTION OF PLATES.

List oF ABBREVIAT'IO'NS’USED.

al.d.s. = ascending loop of duct system.

a.m. = adductor muscle.

¢. = connection of end sac with rudiment
of maxillepedal gland.

c.emn.m. = circum - cesophageal
mass.

d.c. = duct cells.

d.l.d.s. = descending loop of duct system.

d.n.d.s. = dorsal nucleus of duct system.

e.d. = efferent duct.

e.e.s. = duct entering end sac.

e.s. = end sac.

e.s.w. = wall of end sac.

ex.0.g. = exit of antennal gland.

f- = funnel.

f.d. = degenerate funnel.

t.l.c.d. = inner loop of coil duct.

l. = lumen of duct system.

nerve

l.cv.s. = lateral connective of valve
system. :
l.n.c.c. = lower nucleus of coil cells.

m.c.v.s. = median connective of valve
system.

n.e.d.c. = nucleus of efferent duct cell.

n.f. = neck of funnel

o.l.c.d. = outer loop of coil duct.

os. = oesophagus.

p.e.s. = primordium of end sac.

p.mp.gl. = primordium of maxillepedal
gland.

p.w.s. = primordium of valve system.

st. = stomach.

t.d. = duct dwindling away in cytoplasm
of terminal duct cell.

tn.d.s. = terminal nucleus of duct
system.

w.n.c.c. = upper nucleus of coil cells.

v. = fibrils of valve system.

v.ev.s. = ventral connective of valve
system.

v.m.me. = ventral mesoderm of maxillary
segment.

All the figures are camera lucida drawings and the magnifications quoted are

approximate.

Plate 1.

Fic. 1.—A transverse section of a stage III larva of Cyprinotus incongruens passing
through the earliest visible rudiment of the end sac of the maxillary gland.

X 1680.

Fies. 2, 3, 5 and 7 form a series of transverse sections illustrating the development of the
valve system of the maxillary gland.

Fic. 2.—A section of a stage IV larva of Cypridopsis vidua passing through the end sac

and its connection to the rudiment of the maxillepedal glands.

It shows

the first sign of the three cells forming the rudiment of the valve system.

X 1680.

Fies. 3 and 4 show two successive sections of a stage V larva of Cypridopsis vidua.
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Fia. 3.—A section through the valve rudiment showing its median connective passing
underneath the connection of the end sac to the maxillepedal glands. The
dorsal part of the ingrowth forming the rudiment of the duct system can be
seen on the dorsal side of the end sac. This section also contains the large

_ terminal nucleus of the duct system. X 1280.

F16. 4.—A section through the ingrowth forming the rudiment of the duct system
X 1280.

F1es. 5 and 6 are drawings of the anterior focus and the posterior focus of the same
section of a stage VI larva on Cypridopsis vidua.

F1e. 5.—A section through the valve rudiment and end sac. < 1680.

F1¢. 6.—A section through the anterior wall of the end sac and through the terminal
nucleus of the duct system. X 1680.

F1e. 7.—A section through a stage VI larva of Cypridopsis mdua showing the later
development of the valve system. The terminal cell of the valve system is
seen growing back between the lateral and ventral connectives of the valve,
X 1680.

F16. 8.—A transverse section through a stage VI larva of Cypris fuscate showing the
duct of the maxillary gland entering the end sac through the middle of the
valve system. X 1680.

F1e. 9.—A transverse section through the maxillary gland of a nearly adult Cypris

fuscata. It shows the terminal cell completely covered by ectoderm. X 840.

Plate 2.

F1es. 10 and 11 represent the posterior focus and the anterior focus of the same transverse
section of a mature Cypris fuscate showing the fibrillar structure in the
valve. X 1680.

F1e. 12.—A transverse section through the basal joint of the antenna of a stage V larva
of Cyprinotus incongruens, showing the degenerate funnel and efferent duct.
X 1680.

F16. 13.—A section of a stage VI larva of Cypridopsis vidua showing the fibrillar structure
surrounding the entrance of the duct of the antennal gland into the end sac.
X 1680.

Fies. 14 and 15 represent two successive sections in a series of transverse sections of a
stage III larva of Cyprinotus incongruens. In fig. 14 can be seen the funnel
of the duct system and the efferent duct cell and part of the dorsal loop.
The remainder of the latter and also the nucleus of the efferent duct cell are
shown in fig. 15. X 1680.
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Plate 1.

Fia. 1.—A transverse section of a stage III larva of Cyprinotus incongruens passing
through the earliest visible rudiment of the end sac of the maxillary gland.
X 1680.

Fies. 2, 3, 5 and 7 form a series of transverse sections illustrating the development of the
valve system of the maxillary gland.

Fic. 2.—A section of a stage IV larva of Cypridopsis vidua passing through the end sac
and 1ts connection to the rudiment of the maxillepedal glands. It shows
the first sign of the three cells forming the rudiment of the valve system.
X 1680.

Fias. 3 and 4 show two successive sections of a stage V larva of Cypridopsis vidua.

F1a. 3.—A section through the valve rudiment showing its median connective passing
underneath the connection of the end sac to the maxillepedal glands. The
dorsal part of the ingrowth forming the rudiment of the duct system can be

e 3060-0R. the dorsal side of the end sac. This section also contains the large
terminal nucleus of the duct system. X 1280.

F16. 4.—A section through the ingrowth forming the rudiment of the duct system
X 1280.

F1cs. 5 and 6 are drawings of the anterior focus and the posterior focus of the same
section of a stage VI larva on Cypridopsis vidua.

F1a¢. 5.—A section through the valve rudiment and end sac. X 1680.

F1a. 6.—A section through the anterior wall of the end sac and through the terminal
nucleus of the duct system. X 1680. -

Fia. 7.—A section through a stage VI larva of Cypridopsis vidue showing the later
development of the valve system. The terminal cell of the valve system is
seen growing back between the lateral and ventral connectives of the valve,
X 1680,

F1c. 8.—A transverse section through a stage VI larva of Cypris fuscata showing the
duct of the maxillary gland entering the end sac through the middle of the
valve system. < 1680.

F16. 9.—A transverse section through the maxillary gland of a nearly adult Cypris

fuscata. It shows the terminal cell completely covered by ectoderm. x 840.
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Plate 2.

B

F1Gs. 10 and 11 represent the posterior focus and the anterior focus of the same transverse
section of a mature Cypris fuscate showing the fibrillar structure in the
valve. X 1680.

F16. 12.—A transverse section through the basal joint of the antenna of a stage V larva,
of Cyprinotus wncongruens, showing the degenerate funnel and efferent duect.
X 1680.

F16. 13.—A section of a stage VI larva of Cypridopsis vidua showing the fibrillar structure
surrounding the entrance of the duct of the antennal gland into the end sac.
X 1680.

F1es. 14 and 15 represent two successive sections in a series of transverse sections of a
stage III larva of Cyprinotus incongruens. In fig. 14 can be seen the funnel
of the duct system and the efferent duct cell and part of the dorsal loop.
The remainder of the latter and also the nucleus of the efierent duct cell are
shown in fig. 15. X 1680.
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