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Abstract.

A general account is given of the development of
Danhnia manna from the egg to the mature adult. A review of
previous work reveals that authors have concentrated on the
early development, neglecting the later development. An
adequate technique has been developed.

An account of the development based on living material
gives a detailed series of stages. A summary of the present
state of knowledge of the physiological aspects of development
is included.

The development of the parthenogenetic egg is described.
The early development includes a superficial cleavage and
gastrulation by immigration. @ The mesenteron develops from a
solid rod of cells in the ventral part of the egg, and acquires
a central cavity which never contains yolk. The yolk cells
develop from the blastoderm.  The mesoderm develops a single
small pair of coelomic cavities, and the heart develops from a
compact group of cells. The history of the dorsal organ is
described. The development of the ephippial egg resembles that
of the parthenogenetic egg except in some features related to
the smaller and more even sized nature of the yolk globules.

Danhnia magna hatches from the brood pouch of the mother
as an immature adult. The account of the anatomy of the adult
is a confirmation and extension of previous work, including

histology and indicating function. The muscles of the

mesenteron are striated, and the heart wall contains an



incomplete longitudinal, as well as a circular, layer of
muscles. A suggestion is made for a new interpretation of
the cells of the branchial sacs.

The results obtained and the importance of a large

quantity of yolk are discussed.
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1)
Introduction. |

"Whilst I was engaged in searching for certain small
creatures which I had persuaded myself would be found in those
ditches which commonly cut across our fields and divide them
one from another, I came across various kinds of small creatures
but not those for which at that time I was looking. I had the
good fortune to see, amongst others, certain small creatures
which had in their bodies such a swift power of movement that it
seemed to surpass belief. These little creatures roughly
equalled in bulk a coarse grain of sand, but their bodies were
transparent and one could see through them.  Amongst other
things, I saw in one of these little creatures a clear, round
little body near the head in which also it was possible to see
very fast movement consisting in alternating extension and
contraction. This little part I took to be the heart of the
creature, and the very rapid motion, which I could see in the
other parts which lay round about, I assumed was derived from
this movement of the heart.

When I observed in one of these little creatures eight or
nine little parts which had a greenish tinge, I began to think
that these were '"foetus" or '"unborn little creatures'". In
order to attain certainty in this matter, I placed such a little
creature in five or six drops of water so as to see by this
means the foetus when alive and watch them when newly bom

swimming in the water. = When however the next day I found that
this little creature was dead, I opened its body, without

moving it from the position it had been in when it was lying



in the water, and not only saw most clearly several unborn
little creatures but also found it possible to discern plainly
those organs which they would have used in swimming.  This
little creature was so delicately formed that I often inspected
it with great wonderment; - in fact, its form so delighted me
that greater creatures, seen with the naked eye, seem in
comparison with these little creatures but the productions of
an unskilled hand!"

A. von Leeuwenhoek, letter 121, 1699.

Since the time of Leeuwenhoek, the antics of the embryos
of the species of Danhnia have fascinated many workers and there
have been several descriptions of the developnent of living
embryos but little work on the details of their embryology.

The genus Danhnia has been well known since Leeuwenhoek's day
and is common in freshwaters.  The genus is large and the
species are widespread, being freauently used for experimental
and physiological work. It is therefore surprising that so
little attention has been paid to its embryology.

The study of the embryological development of Danhnia magna
was undertaken because our knowledge of the embryology of
Cladocera is very incomplete. Earlier work is scarce and in
many points the results obtained do not correspond to the
general pattern of Arthropod development, in so far as it is
known, but Indicate that the Cladocera may have a number of
interesting and unusual features in their development. For

example, the indication that the midgut develops in a manner
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totally different from that of other Arthropods has been
almost completely ignored. Investigation is also prompted by
the knowledge that earlier workers were in considerable
disagreement over a large number of important points, A review
of previous work shows that attention has been concentrated
almost entirely on two phases of the development,, the kind of
cleavage and the nature of gastrulation. [Especially
concerning the latter, there has been a great deal of difference
of opinion. The later development of the germ layers has

been almost completely neglected.

I have studied the development of Danhnia magna because
the eggs of this species are larger and contain more yolk than
those of other species of this genus. For the study of the
development it was necessary to have a thorough knowledge of
the anatomy of the adult, and this entailed a certain amount of
original work together with a great deal of research into
earlier papers since no single adequate account exists. I
have therefore considered it essential to include a full account
of the adult anatomy which deals with the structure in more
detail than is found in a textbook account.

This thesis covers the whole development of Danhnia magna
from the formation of the egg in the ovary, to the embryological
development in the brood pouch of the mother, to the further
changes in the organs during the early instars of the free-
living life of the Danhnia individual and the structure finally

attained in the adult.  With such a broad scope it has of

course been impossible to cover all the stages adequately and
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detailed work has been confined to those of particular interest.
Where possible an indication has been made of relationships
with the development of other Arthropods, with particular
reference to those investigated recently, since recent work has
often tended to disagree with the results of earlier authors»
Terminology.

Descriptions of the embryology of Crustacea have tended
to use their own terms but I have endeavoured to avoid the use
of terms employed only in such specialised cases.

The two kinds of egg produced by females of Danhnia maena
are distinguished as ephippial ("winter") eggs and partheno-
genetic or non-ephippial ("summer') eggs. Recently it has
become apparent that the ephippial eggs sometimes develop
parthenogenetically, although so far this has only been shown in
Arctic populations (see p.lO0O), It seems most satisfactory to
retain the terms 'parthenogenetic'" and "ephippial" rather than
to suggest new terms. The terms '"summer'" and '"winter" are
definitely unsatisfactory since in the laboratory either Kkind
of egg may occur at any time of the year.

The term "Scheitelplatte" used by German authors means
"crown of the head" plate and neither apical plate nor cephalic
plate are satisfactory translations so it has been decided to
retain the term as '"Scheitel"-plate.

The outer egg membrane is not strictly a "vitelline"

membrane since it is not present at the time of fertilisation.
The yolk cells of the egg”Wrnmmm into the fat cells of

the adult so that it is impossible to draw a sharp distinction
between the two.
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A review of previous work.
A succession of workers have studied the embryology of

the Cladocera and their results and conclusions have shown
considerable variation. The investigation of the early stages
of development is rendered exceedingly difficult in many
species by the presence of a tough outer membrane and by a
large quantity of yolk. This has resulted in controversy being
centred around the cleavage and more especially the germ layer
formation with a neglecting of the later development of the
embryo with the formation of the organs. The history of the
investigations of the embryology of Cladocera, and in particular
that of Daplmia and its allies, is a varied and confusing one.

The earliest author to mention Danhnia and its embryos was
Leeuwenhoek whose letter to the Royal Society in 1699 contains
the extract quoted on p. 1. A copy of this letter appears in
the collected works of Leeuwenhoek, published in both Latin and
Dutch, as letter 121 (Leeuwenhoek, 1719),

Working at the same time as Leeuwenhoek, Swammmerdam gives
a more detailed description of Danhnia. which he calls Pulex
arboreus or arborescens (Baird, 1850) or the Arborescent Water
Flea, now known as Danhnia pulex. This description was
published in his '"Historia Insectorum generalis'" published at
Utrecht in 1669 and included in the '"Book of Nature'" published
in Dutch in 1757 and in English in 1758.

Later Jurine (1820) in his "Histoire des Monocles qui se

trovent aux environs de Geneve'" gives an excellent account of

Monoculus Pulex (the name which was used by Linnaeus) which
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includes a description and drawings of embryonic stages.

An account of early”descriptions of the genus is given by
Baird (1850), who himself gives a detailed description of
Daohnia magna which he refers to as D. Schaefferi (according
to Johnson, 1952).

Sir John Lubbock (1858) gives the first correct account
of the life cycle and a detailed description of the ephippium
and the formation of both ephippial and non-ephippial eggs in
the ovary. He includes an account of part of the embryonic
development: further details of this account are given on p. 26

In his "Naturgeschichte der Daphniden", Leydig (1860)
begins with a thorough account of the anatomy and lays the
groundwork for future studies. He goes on to give descriptions
of the various species.

Ten years later Dohrn (1870) published a paper in which,
although he was primarily interested in the carapace or shell
gland, he found it necessary to include a description of the
development of Danhnia longisnina.  Dohrn followed most of the
external development, although he leaves the shedding of the
egg membrane until the same time as the rupturing of the second
membrane.  With regard to the excretory organ, he established
the incorrectness of Leydig's statement that it had no opening,
but wrongly stated that the opening was into the body of the
animal.  Dohrn also decided that the activity of the gland
bore no relation to the fat body and pointed out the strong

circulation in the neighbourhood of the gland, hinting at its

use as an aid to respiration.
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Dohrn was soon followed by a number of authors, Claus
(1876), Weismann (1876-9) and Grobben (1879), Claus gives a
lengthy account of the anatomy of Danhnia. an account on which
much of the later work has been based. He included a few
remarks on development. = Weismann was mostly concerned with
reproduction, with his descriptions of the formation of the
eggs in the ovary, the function of the fluid in the brood pouch
of the mother, copulation and cyclic reproduction.

Grobben*s 1879 account of the embryonic development of
Moina rectirostris is the classic of cladoceran embryology.
It describes in considerable detail the development of the
external features and of most of the internal organs.  Grobben*s
work on the development of the various organ systems in the
latter half of the embryonic life is the most complete general
account published. Details of his account will be referred to
later but it is important to note that for the"rg/ll(z)lltti%ély poor
in yolk ,## # jg## he describes a superficial cleavage and
determinate development.  Grobben also looked at a number of
Danhnia nulex embryos and decided that, contrary to the earlier
observations of Metschnikoff in 1866, the cleavage was
superficial and not total. He confirmed Leydig*s observation
of superficial cleavage in Moina and Polyphemus.

Since this time there have been continuous differences of
opinion about the nature of the cleavage and of the development

in Cladocera. The terms "determinate'" and "indeterminate"

have been used by workers on cladoceran embryology in the sense

of "mosaic" and '"regulative" as defined for example by
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Johannsen and Butt (1941) and by Needham (1942), A determinate
or mosaic egg is one in which the determination of the main
features of the individuation field has taken place before
fertilisation and cleavage; an indeterminate or regulative egg
is one in which this determination does not take place until
about the time of gastrulation. Differences in the time at
which the visible morphological features of development,
especially the genital cells, appear show that, for example in
insects, it is possible to establish a series, the indeterminate
eggs being those in which "the visible separation of regions of
different prospective significance occurs after blastoderm
formation, and organ segregation follows after differentiation
of the germ layers and segmentation" (Johannsen and Butt,1941).
The early workers on Cladoceran development did not undertake
any experiments, such as those anployed by Horstadius and others
on sea urchins or those employed by various workers on insects,
to decide the regulative capacity of the eggs. They also did
not use the terms 'determinate" and '"indeterminate" in the sense
defined by Willler, Weiss and Hamburger (1955), that is in
relation to the regularity or predictability of the cleavage
patterns.

Lebedinski (1891), in a short paper on the developnent of
Danhnia sim ilis, found a superficial cleavage but an indeterminate
developnent. A mesendoderm is formed and Lebedinski noted that
not all the endoderm partakes in the formation of the midgut but

that some surrounds the yolk and forms two large provisional

hepatic pouches. This latter was not upheld by later authors.
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Two years later, Samassa (1893) disagreed with Grobben
about the germ layer formation. He investigated Moina
rectirostris. Danhnella braclr/ura (now Dianhanosoma brachvurum)
and Danhnia hvalina. He compared, in detail, the germ layer
formation with that of Branchinus (described a year earlier by
Brauer) concluding that the Cladoceran development was
indeterminate, a full agreement prevailing between the three
Cladoceran genera in the formation of the germ layers which
took place by a proliferation of the biastozone. Samassa
criticises several points of Grobben's account and also
postulates hypothetical primitive Phyllopods with a true
gastrulation, leading through Branchinus with invagination and
polar inward proliferation to the condition in the Cladocera.
He gives some information on the formation of organs in
Dianhonosoma brachvurum and an account of the origin of the
yolk cells, which he derives from the mesoderm.

Grobben (1893) immediately retaliated by insisting that
the developnent was determinate - that is that the genital cells
are readily distinguishable by their granular contents and
present in the sixth cleavage stage, the endodermal cells
distinguishable from the seventh cleavage stage and the
"Scheitel"-plate from the '"blastophere' stage. Grobben also
replies to the majority of Samassa's other attacks with most of
which he disagrees. Samassa (1894) defended his views in a

short paper.
There followed two papers on the developnent of the

ephippial eggs, Hficker (1894) and Samassa (1897). Hacker,
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investigating Moina. did not observe the early cleavages up
t0j.1 the formation of the yolk cells but the later developnent
he believed to be similar to the type of superficial cleavage
already known for Crustacea. Samassa found a total cleavage
in Moina up tb'.l the formation of eight cleavage cells"with the
development at the stage of thirty-two cells of a peripheral
layer of small cells surrounding a large central yolk cell.

In 1899 Sudler published a paper on the development of the
Ctenopod Cladoceran Penilia schmackeri but included little
detail. The egg, which is poor in yolk, undergoes total
cleavage but genital cells were not distinguishable in the
early stages.

Samter (1900) described the development of Lentodora
hvalina as superficial and indeterminate giving a detailed
account of the formation of the germ layers.

There followed a paper by Agar (1908) on the development
of Holonedium gibberum in which he describes a mesendoderm
formation in many respects similar to that described by Samassa.
He also describes several stages of the development with some
information on the fomation of the organs.

A series of papers by Kdhn (1908; 1911; 1912) dealt with
the embryology of Danhnia nulex and Polyphemus pediculus but
were devoted almost entirely to the early cleavage stages.

Kfthn returned to Grobben*s ideas of a mosaic or determinate
development and gives an elaborate account of the history of
the different cells in each cleavage. He believed in the

essential agreement of the development of the germ cells in
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Daphnla and Polyphemas. any variations being due to the greater
proportion of yolk in the Daphnia egg.

In 1912 Vollmer published a detailed account of the
development of the ephippial eggs of Cladocera in which he deals
mainly with Danhnia nulex. Dinqqll raa?mm and Dij’ . longi snina
and finds an early total cleavage, followed by multipolar
delamination resulting in the yolk cells, together with
immigration of the genital cells. Ventral immigration gives
the inner germ layers immediately after the resting stage. His
account of the formation of the organs is extremely short and
deals almost entirely with the further fate of the germ cells,
referring for the rest of the development to Grobben's work on
Moina.

1921 saw the appearance of two papers on Cladoceran
development, that of Cannon on Simocephalus vetulus and that of
Fangauf on Danhnia nulex. @ Cannon described a superficial cleav-
age and a development which he regarded as intermediate between
the determinate and the indeterminate and comparable to Vollmer'.s
results.  Cannon regarded the chief difference between
Simocephalus and Polyphemus to be that the endoderm is
segregated very late in Simocephalus. very early in Polyphemus,
and similarly to a less marked extent with the mesoderm.

Fangauf's paper was a dissertation given at Berlin
University and the only trace of it that appears to be
available is a list of thirteen points which suggest a list of

conclusions.  These indicate a superficial cleavage for the

parthenogentic eggs in contrast to that of the ephippial egg
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and far-reaching differences between the development of the
two kinds of egg. Immigration takes place first of the genital
cells and later of the endomesoderm. There are a few remarks
about the development of the organ systems.

Gravier (1951) gives a lengthy account of a number of
topics including copulation, egg laying, reproductive cycles,
ephippia and the role of the brood pouch. He mentions very
little about the actual development.

In 1937 Baldass described the embryology of Holonedium
ptibbenan and dealt principally with the origin of the germ
layers. He decided that the development was determinate and
that Agar had missed many intermediate stages leading him to
decide on an indeterminate development, Baldass gives no
details about the development of the organs.

In the same year Wotzel (1957) described a superficial

cleavage for Danhnia nulex and a determinate development. He
mentions the '"eight-cell" stage with cells at the surface and

branches through the yolk, leading to the later establishment

of an epithelium. Wotzel concludes that the yolk-poor

Cladoceran eggs have a total cleavage, and the yolk-rich eggs

a superficial cleavage but that otherwise the development is

similar.
Finally Baldass (1942) published a work on the development

of Danhnia nulex in which he asserts that the development of all
Cladocera is determinate and the germ layer formation of the

parthenogentic and ephippial eggs completely similar.  The shape



14.
of the egg and the amount of yolk differ in different species
but in no way affect the determination of the direction of
development although influencing the kind of cleavage, the
division of the individual quadrants, the synchronisation of
the time of division and the kind of gastrulation, Baldass
suggested the plausibility of a hormonal influence exerted by
the vegetal pole plasm on the development. He does not
describe the development of the organs.

The dismissal by Baldass of the varying results of earlier
workers which did not fit in with his conclusions on the
grounds that their technioue was inadequate does not seem to
make sufficient allowance for the range of yolk content present
in the eggs of Cladocera and its effect on the nature of
development.  The majority of work has been done on species,
such as Polyphemus pediculus. whose eggs are relatiyely poor
in yolk. This is to be expected in yiew of the difficulties
imposed by greater amounts of yolk on the preparation of
material. Danhnia magna possesses unusually large eggs
(Green, 1956) which contain abundant yolk; and the
embryological development of this species of Daphnla has not

been studied except for Vollmer's work on the ephippial eggs.
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Material and methods.

The eggs and embryos were obtained from adult Danhnia
magna collected from various localities in London and kept in
cultures in the laboratory. The cultures were maintained in
run tap water and fed on the green alga, Chlorella vulgaris,
which was grown on agar slopes, see Fox, Gilchrist and Phear
(1951). Danhnia magna was chosen because of the large size of
the eggs and the lack of knowledge of its embryological
development.  The number of eggs laid is variable and depends
on various internal and external factors (Green, 1954; 1956, a).
The eggs are laid into the brood pouch of the mother and are
carried in the brood pouch until liberated as miniature adults.

For accuracy in timing the ages of the eggs and embryos,
Danhnia magna females were kept individually in 2" x 1" flat-
bottomed specimen tubes with cottonwool tops. The culture
medium was 10 cc. of run tap water containing a suspension of
Chlorella with an optical density of 0.25, measured with a
Medical Research Council grey wedge photometer using a red
filter (King et al., 1948). The animals were kept in a constant
temperature room maintained at 18° C in constant illumination.
Constant checking led to a close approximation to the time of
laying, aided by the knowledge that laying takes place about
4 to 8 hours after the release of the previous brood and about
45 minutes after moulting.  The eggs or embryos could then be
dissected from the mother at known times after laying, the
mothers having been kept in standard conditions. In this way

the variation in the stage of development reached at a given age



17.
was minimised, although even embryos laid by the same mother at
the same time were not always at the same stage of development.
Some broods were fixed immediately after removal from the brood
pouch; others were kept in 100 cc, of run tap water and fixed
at different times.

If the eggs are dissected from the brood pouch of the
mother at least three hours after having been laid, they will
continue to develop normally. In this way the external
development can be studied, although it is not possible to
obtain much information about the development of the organs.
Observations and camera lucida drawings were made of living
Danhnia magna embryos both at ix)om temperature (14° - 22°C,) and
at 18°C.  Drawings of the older embryos necessitated the use of
urethane as a narcotic, at first, but 5% with hatched young.
When it was necessary to use urethane, the animal which had been
so treated was not returned to the dish with the remainder of
the brood but kept separate. For each observation an animal
which had not previously been subjected to urethane was used, so
that any effects of the urethane on development could be avoided.
Of the urethaned animals kept, a considerable proportion died
and the majority continued their development more slowly than
other embryos of the same brood which had not been urethaned.
Reflected light was used as well as direct illumination. A
water bath was placed between the lamp and the microscope to
prevent any marked rise in temperature.

A considerable amount of difficulty has been experienced by

previous workers on the embryology of Cladocera in obtaining
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satisfactory preparations, for example see Cannon (1921). 'The
material presents extreme obstacles in a vitelline membrane and
later an outer cuticle not readily permeable, and in an
excessive amount of yolk. The unusually large sine of the eggs
of Danhnia magna in comparison with those of other Cladocera '
(Green, 1956, a) is coupled with a large yolk content, adding to
the difficulty in obtaining good sections. The yolk greatly
interferes with both sectioning and staining. It is
particularly difficult to obtain preparatiops in which it is
possible to distinguish nuclei among the y(;ilA’\lfvule-"i"his hinders
the investigation of the early stages and of the development of
the yolk cells. It was therefore necessary to devote
particular attention to the selection of the most suitable
reagents and procedure at each stage of the preparation of the
material.

The eggs hatch Od’orthe vitelline membrane while still in
the brood pouch. Occasionally the first ecdysis also takes
place while the embryos are still in the brood pouch.

The eggs or embryos were dissected from the brood pouch
before fixation. Usually the whole of one brood was fixed
together so that series of sections in several different planes
could be obtained of embryos of the same age. Various
fixatives were used. These included a number of corrosive
sublimate fixatives: alcoholic corrosive sublimate, corrosive
with different amounts of glacial acetic acid added, Susa,

Carnoy and Petrunkewitsch.  Of these fixatives, the most

successful was Petrunkewitsch’s corrosive-acetic with nitric
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acid (Romeis, 1948). Bouin's fixative was tried with poor
results, and Duboscq-Brazil was unsuitable. Cannon (1924)
found that Flemming without acetic gave excellent results with
Estheria larvae, but it lacked the penetration required for
Danhnia embryos. At one time, following Cannon (1921),
immersion for 50 seconds in boiling water was tried but this did
not fix the embryos. The most satisfactory fixative for all
stages of the development was found to be Smith’s Formol-
Bichromate, which was also used by Cannon (1921) and by Manton
(1928; 1954; 1949). The specimens were left in the fixative for
24 hours, after which they were washed in running tap water for
about 12 hours, in a washing tube as described by Pantin (1948).
The specimens were then removed to 4% formalin in which they
were left for about three days, with several changes, and then
to distilled water for about four days, with several changes.
This treatment with formalin and distilled water is longer than
that usually recommended but was found to be necessary in order
to completely remove the fixative from the specimens. It was
also found necessary to leave the specimens for 24 hours in each
of the lower alcohols, 50" and 50?, and for several days in 70"
alcohol.  The specirriens were stored in 4% formalin, which was
not satisfactory Oitj%K to excessive hardening of the cuticle, in
70" alcohol or in methyl benzoate.

Petrunkewitsch’s fixative was also used considerably,

especially for the later embryonic stages and for hatched

animals, both early instar and adult. It was allowed to act

for from four to four and a half hours.
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For ephipplal eggs both Formol-Bichromate and
Petrunkev/itsch v/ere used with successful results.

For a number of other Cladocera - Danlinia longispina.
Daphnia pulex. Sida crystallina and Simocephalus vetulus - the
adults of which were mounted or sectioned, both Formol-Bichromate
and Petrunkewitsch proved satisfactory.

A number of eggs of Triops lonpcicaudatus were fixed, some
in Formol-Bichromate, some in Susa and some in Camoy, Of these
the bichromate fixative gave the best results.

For Artemia salina. Petrunkewitsch gave better results than
Bouin, although the latter was used by Weisz (1947).

Various clearing agents were used, of which the most
satisfactory were methyl benzoate and methyl salicylate
(wintergreen oil). Both have the great advantage that the
specimens can be placed in them direct from 95" alcohol and do
not harden even if left in the reagent for several months.
Xylene hardened the specimens and neither cellosolve nor
terpineol cleared the specimens completely.  From methyl
benzoate or methyl salicylate, the specimens were passed quite
quickly through cedarwood oil, whence they could be either
mounted in canada balsam or embedded in wax. @ While in 95*
alcohol the specimens were tinged with eosin to make them
distinguishable during embedding.

After trying 52°, 54°, 66° M.P. paraffin waxes and also
ester wax the best results were obtained with 52° M.P. paraffin
wax to which /% ceresin had been added. Ester wax caused

considerable shrinkage, and also, in order to ensure penetration.
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it was necessary to leave the specimens in the wax baths for
about two to three hours (the exact time depending on the age of
the embryo) which led to brittleness and fracturing on
sectioning. The specimens were passed through three paraffin
wax baths, and it was not possible to reduce the time in each
bath to less than 15 minutes. While the vitelline membrane
was still present, a greater length of time in the waxes was
required for adequate penetration. The addition of /% ceresin
to the paraffin of which the block was made improved the
resulting sections.  The specimens were orientated in the block
by the method used by Cannon (1924). Often two or three
specimens were embedded in the same block. Rapid cooling of
the block by the use of iced water was necessary, and it was
found advisable not to attempt to cut sections until the
following day.

Sections were cut at 4" and 1*; the majority
were cut at 8" or The ribbons were attached to the slide
by means of Mayer's adhesive albumen, made up with albumen from
a fresh egg. They were flattened on a water bath, and then
left to dry for 24 hours. The method of outlining the ribbons
of sections Pusey's Indian ink mixture (Pusey, 1939) was tried
but did not prove useful for such small specimens.

An early tendency to the loss of whole sections, or of the
yolk contents, from the slide was overcome by dipping the slide
into a solution of 0,252 celloidin in equal parts of alcohol and
ether between the 95* and 70°6 alcohols during the process of

hydration.  The celloidin formed a thin film over the sections
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but did not interfere with the staining in any way.

A number of different staining methods were used.
Heidenhain* s Iron Haematoxylin proved the best stain for most
purposes. The specimens were left for 12 hours in 5% Iron Alum
mordant, followed by 12 hours in z/ haematoxylin. A weaker,
1?', mordant solution was tried to prevent clogging but showed no
improvement. The clogging was overcome by longer different-
iation and longer in xylene before mounting.  The time taken
for differentiation varied considerably according to the age of
the embryo; the younger embryos took longer, especially before
the vitelline membrane had been shed. Results were best when
no counterstain was used.

Heidenhain’s Azan stain was also found to be useful. By
leaving the slides in the azocarmine for at least an hour and
in the mordant and stain for one and a half to two hours each,
the nuclei were clearly seen.

Mallory’s Triple stain was especially useful for the yolk
cells. Using the times given by Pantin (1948), modified by
leaving for a longer time in both acid fuchsin and Mallory’s
stain, four to five minutes in the former and three to four
minutes in the latter, the yolk cell nuclei contrasted with the
yolk globules and differences in the staining reactions of the
yolk were noted.

Delafield’s Haematoxylin, diluted to one in five and
counterstained with eosin or without counterstain, was used for

sections with less success than that obtained with Heidenhain s

Iron Haematoxylin.
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Chlorazol Black E was used with limited success; thionin
was unsatisfactory, as was v. Gieson’s stain although both have
been used by earlier workers on cladoceran embryology.

Both squashes and sections were stained with Feulgen, but
the nuclei failed to stain adequately.

Various carmine stains were tried, the best for sections
being Alum-carmine allowed to act for about three days and then
differentiated to remove as much stain as possible from the yolk.

For assistance with various details of structure, especially
in the study of the adult, a number of other stains including
vital dyes were used. These included alizarin, methylene blue
and indigo carmine.
| Besides sections, whole mounts were prepared of the various
stages. The most satisfactory method was to mount the embryos
unstained, after clearing in methyl benzoate and cedarwood oil.
Good preparations were also obtained using Ehrlich's Acid
Haematoxylin diluted to a few drops of stain to 25 cc. of 709
alcohol. Delafield's Haematoxylin diluted to one in five or
to one in three was used with less success. Several carmine
stains were also employed for whole mounts but met with the same
difficulty as most other stains: failure to penetrate through
the vitelline membrane in the early stages, and excessive
staining of the, yolk in the older stages. The Janus green-
neutral red method of staining amphibian embryos (McClung Jones,
1950) is recommended as avoiding the deep coloration of the yolk,
which stains lightly or not at all. The yolk of the Da,plmia
embryos was lightly stained but the cytoplasm also did not stain
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satisfactorily. Addition of lignin pink to Polyvinal-
Lactophenol mountant provided a good medium for the study of
external structures, being especially useful for hatched
animals, both early instar and adult.

Various mountants were employed: Canada balsam, Euparal,
Euparal Vert, and D.P.X. (B.D.H.). The latter contracts and is
inclined to form bubbles, but when free of bubbles the
preparations are still satisfactory after a period of two and a
half years.

Reconstructions were accomplished with the aid of camera
lucida drawings, of graphic reconstructions, of glass plates and
coloured glass marking inks, and of plasticine models. Wax
models proved unsatisfactory due to the small size and detailed

9

structure of the embryos.
Similar methods of technique were used for hatched animals,

both early instar and adult specimens. Drawings with the aid

of a camera lucida were made of live animals kept in constant

conditions at 18°C. for the first six instars. Observations of
the living adult animals necessitated the use of a Gompressorium
slide or, for quick observations, a small drop of water
containing the animal on a microscope slide. Hatched animals
are more impermeable, requiring longer periods of time in

solutions such as tt“wax baths and stains.

To obtain maley]Daphnia magna. both for a study of their
luiatomy and for the production of ephippia, a culture was trans-

ferred to a higher temperature, crowded and given an initial

generous food supply, then left without further feeding. ihis
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treatment is similar to that used by Mortimer (1936) for
D. magna. and also related to that used by Santa and Wood for
D. longispina. Banta (1939).

Ephippial eggs were treated in a similar way to the non-
ephippial eggs, after having first been removed from the
ephippium. They required slightly longer in the wax baths
(three baths of 25 mitiutes each in paraffin wax) and the stains.
Similar lengths of time were required by the eggs of Trions
lonnicaudatus.

Specimens of Artemia salina and of various Cladocera were
treated similarly to the Danhnia magna adults, with modifications
of the times in the different reagents.

The figures are camera lucida drawings unless otherwise
stated, with the exception of the diagrammatic reconstructions.
The diagrammatic reconstructions are based on serial sections.
The photomicrographs were taken with a Zeiss plate camera and

a Cooke Troughton Research microscope.

'l
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Observations made on living material.
a. The narthenogenetic. or non-enhipplal. egg.

The earliest account containing any details of the develop-
ment of Daphnia magna from observations of the eggs and embryos
in the brood pouch of the mother was published almost exactly a
hundred years ago by Sir John Lubbock (1858). Lubbock describes
parts of the development of Daphnia Schaefferi = Daphnia magna,
including the newly laid egg and the development of a membrane
with the early swelling of the egg. He was particularly
interested in the second membrane or "larval skin'". He regarded
the shedding of the first membrane or vitelline membrane as the
hatching of the embryo and the further development in the brood
pouch, inside the "larval membrane", as evidence of a metamor-
phosis. He writes: ".. would appear therefore that Daphnia.
so far from undergoing no metamorphosis, does, in fact, enter
the world in a very rudimentary condition, and that only after
the first change of skin does it assume the well-known
characters of the genus."

Since Lubbock, several authors have described selected
stages during the embryonic development of Daphnia.  These
selected stages have been used to determine the stage of the
instar of the mother, in both physiological and ecological work.
The most thorough description of living material is that of
Obreshkove and Fraser (1940) who kept parthenogenetic eggs of
Daphnia macom outside the brood pouch of the mother, the authors
believing themselves to be the first to do so. They had,
however, been preceded by Ramu/t (134), who, working with



p. pulex, besides demonstrating that embryos can develop
nonaally outside the brood pouch in either pond water or
distilled water, made a few observations and measurements
during their development.  Obreshkove and Fraser give a brief
description of the parthenogenetic embryos, together with
photographs, at three hour intervals. Ihe descriptions are
principally of changes in external features, such as appendages,
but the development of the brain and eyes is also noted.  The
authors observed the beginning of body movements and of the
beating of the heart, as well as increases in length. Later
authors who established arbitary stages as indices for other
work include Jancai®k (1947) for D, pulex. Fox (1948) for

p. ma;ma. Kaudewitz (1950) for p. pulex. Edmondson (1955) for
p. pulex. Phear (1955) for D. magna. and Green (in press) for
p. majaia.  All these descriptions concern external changes
quickly and easily determined on viewing the eggs or embryos in
the brood pouch of the mother.

Several broods were observed throughout their development,
both at room temperatures and when kept in a room maintained
constantly at 18°C, Even when developing at the same
temperature in uniform dishes and equal quantities of water,
there is sane individual variation in the length of time which
an embryo takes to develop. At 18°C., the average time taken
for development from the laying of the eggs into the brood pouch
until the expulsion from the mother is about 90 hours, but times

from 77 to 110 hours have been recorded. With embryos which

have been removed from the brood pouch, the indications of the
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time of expulsion from the mother were taken as the extension
of the caudal spine and the initiation of more active swimming
movements.  The same indications were used by Obreshkove and
Fraser (1940). It was noted that in embryos which had not been
dissected from the brood pouch of the mother, extension of the
caudal spine took place about five to ten minutes after expulsion
from the mother. The extension occurs by the young Danhnia
turning itself completely over in a somersault. The individual
variation in the length of time taken for development probably
depends on the amount of yolk in the egg, which will depend on
the age and size of the mother, and the number and size of the
eggs in the brood( see GreenyCl954). At room temperatures of
20-25°C., the average time taken for development is about 78?
hours; at room temperatures of 1S-19°C., the average time is
109-119 hours.  Other authors who have noted the length of time
taken for the embryonic development of Danhnia magna at given
temperatures are: Obreshkove and Fraser (1940), 46 hours at
25°C.; Green (1966, a), 116-118 hours at 15-1800., and 69-70
hours at 220Q.

Anderson and Jenkins (1942) described the length of time
spent in the brood pouch, from the entry as an egg to release as
a young animal, as the brooding period and found that this varied
with the duration of the instar, which in general increases with
age. For honhnl n magna kept at 26°C, they found the brooding
period to be about 46 to 64.5 hours. This the authors indicate

as in contrast to the results of Obreshkove and Fraser (1940)



29.
and suggest the possibility that the young animals may be in
different stages of development when released. Since most of
Obreshkove and Phraser's observations were made of embryos removed
from the brood pouch and the times depended on the extension of
the dorsal spine and initiation of more active swimming movements,
this need not necessarily correspond to the time of actual
release from the mother. An embryo still in the brood pouch of
its mother with its dorsal spine not extended, may extend this
dorsal spine and start to swim actively if dissected out from
the brood pouch. Thus, although it is useful to keep a
distinction betv/een onbryonic period and brooding period, the
exact time of termination of the embryonic period is often
doubtful. It is to be pointed out that Obreshkove and Fraser's
embryos may have come from animals of the same age and size,
which would explain the lack of variation in the developmental
time.

The parthenogenetic eggs develop in the ovary of the female
Danhnia magna during one instar and are laid into the brood
pouch usually within three-quarters of an hour after the beginning
of the following instar. The fully formed eggs in the ovary are
surrounded by a thin membrane which enables them to be squeezed
through the extremely narrow oviduct as a fine strand.  This
process has been described and illustrated by Jurine (1820) and
V. Scharfenberg (1910). The eggs are laid at about 15-second
intervals and only a few minutes are necessary for the laying of
even large broods of eggs. Thus differences in stage of
development are not due to an extended period of laying.

i
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On emerging into the brood pouch the egg at first is
sausage-shaped, then ovoid (Pig. 1,(a)), swelling as it does so,
until after a few hours it is nearly spherical as the outer
membrane becomes firm (Fig. 1,(c)). T{le egg is surrounded by
two membranes, an outer ''chorion" (Lebedinski, 1891) or cuticular
membrane and an inner vitelline membrane. During an initial
period of about three hours after laying the eggs do not develop
if removed from the brood pouch; instead they nearly always
burst. It seems likely that this is due to a failure of the egg
membrane to withstand differences in osmotic pressure between
the contents of the egg and the surrounding medium. The egg
membrane is extremely delicate when the egg passes through the
narrow oviduct and only daring these few hours gradually becomes
firm. When laid the egg is opaque and densely packed with yolk
globules of various sizes among which are several oil droplets.
Nucleus and cytoplasm are not distinguishable in the living egg.
The egg when laid is smaller than a few hours later.

The following are observations made on a number of different
broods of eggs developing at 18°C. As explained earlier, the
times are not rigid as they vary slightly from egg to egg.

At 1& hours after laying (Fig. 1,(a)), the egg is opaque,
densely packed with yolk (y) and still slightly ovoid. A trans-

parent peripheral layer is barely visible. There are about

tliree fairly large oil droplets (od).
At 5i hours, the egg is less opaque but still densely

packed with yolk. The transparent peripheral zone is more

obvious and the number of oil droplets has increased slightly.



O0'Z VWKw

Figure 1. A series of diagrams to illustrate the external develop-
ment of Danhnia marna, drawn from living material.
(a) 1& hours after being laid into the brood pouch,
em, egg membrane; od, oil droplet; vy, yolk.
(b) Si hours, em, egg membrane; od, oil droplet;
pc, peripheralcytoplasm; vy, yolk.
(¢c) 10i hours, em,egg membrane; od, oil droplet;

pc, peripheralcytoplasm; vy, yolk.
(d) 14 hour, em, egg membrane; od, oil droplet;
pc, peripheral cytoplasm; vy, yolk.
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At hours (Fig. 1,(b)), there is little change in the egg
whose peripheral zone (pc) is moderately well defined but of
uneven width.  The egg contains numerous yolk globules.

At 6 hours, the egg is spherical to slightly oval, full of
yolk globules, some of which appear larger and indicate the first
appearance of the yolk cells. The egg is less opaque and
usually yellowish-green o the yolk. The colour may be
modified by the inclusion of haemoglobin or carotenoids in the
egg.

At 8 hours, the inner edge of the peripheral layer is
markedly irregular. A few large globules among the yolk
indicate yolk cells, the remainder of the yolk being in the form
of smaller granules.

At 9 hours, there is little change in the egg. A few more
yolk cells are seen.

At 10? hours (Fig. 1,(c)), the uneven peripheral transparent
layer (pc) is still noticeable and there are two large (od) and
about three smaller oil droplets.

At 12 hours, the egg is less dense, with the yolk granules
becoming individually more distinct, the yolk cells in particular
are more noticeable.  The peripheral layer is slightly more
distinct.

At IS hours (Fig. 1,(d)), the peripheral layer (pc) is
becoming granular, and the yolk granules more distinct.

At 15 hours, the peripheral layer has become granular and

is thickened internally in parts. There is the first indication

of indentation of the surface of the egg. The number of oil



32.
droplets has not increased.

At 18 hours (Fig. 1,(e)), the first modification of the
external shape is definitely established in the form of shallow
but well marked indentations delimiting broad folds.  These will
form the second antennae. The central yolk contains large yolk
cells which are partly granular.

At 20 hours, there is little further indentation. The
peripheral layer is uneven and the oil globules appear slightly
smaller.

At 22& hours (Fig. 1,(f)), the egg has drawn away from its
membrane in a few places and there is the first indication of
the invaginations to form the stomodaeum and proctodaecum.  The
yolk globules are beginning to concentrate towards the centre of
the egg which thus appears darker and denser. There are about
three to four oil droplets (od) of eoual size.

At 26 hours (Fig. 1,(g)), the egg is still spherical but
the appendages are further developed for the second antennae (a.2)
are small but distinct and the mandibles are beginning to develop.
The yolk globules appear less numerous. The egg is further
drawn away from its membrane (em).

At 27 hours, there is further unevenness of the peripheral
layer whose inner edge is becoming less well defined. The yolk
cells have increased in number.

At 30 hours (Fig. 1,(h)), the beginning of the development
of the thoracic appendages (rt) is indicated by shallow

indentations.  Further yolk cells have been formed so that the
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Figure 1, (e) 18 hour, em, egg membrane; od, oil droplet;

()

(g)

(h)

pc, peripheral cytoplasm.

22? hour. a.2, second antenna; em, egg membrane;
od, oil droplet; pc, peripheral cytoplasm; y, yolk.
25 hour. a.2, second antenna; ab, abdomen; em, egg
membrane; od, oil droplet.

29? hour. a.2, second antenna; em, egg membrane;

md, mandible; rt, rudiment of thoracic appendage.
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yolk appears to be formed of more even-sized globules.  There
is no increase in the number of oil droplets. The centre of
the egg appears darker and denser. There is no change in shape,
the egg membrane (em) being still present.

At 52j hours (Pig. 1,(i)), the second antennae (a.2) are
well developed each with two branches v/hich are dividing into
segments. Small first antennae (a.l) are present, and also the
beginnings of the carapace folds (cf). The large dark yolk cells
and still unaltered yolk globules are further concentrated
towards the centre of the egg(y). The egg is still spherical,
the egg membrane (em) still being present.

At 54 hours (Fig. 1,(j)), the egg membrane of some eggs has
burst and the embryo begun to lengthen with the first indication
of a head (h). The embryo remains surrounded by a thin second
membrane. The mandibles are well developed.

At 36 hours (Fig. 1,(k)), the egg membrane (em) may be about
to burst or be bursting. There is an indication of the abdomen
(ab) and the carapace folds (cf) have grown.

At 41 hours (Fig. 1,(1)), the egg membrane has gone, with
the formation of the head (h). The branches of the second
antennae (a.2) have attained their full number of segments, the
mandibles (md) are well developed, also the labrum, and there is
at least one pair of small maxillae. The first antennae (a.l)
are still small and the thoracic appendages (rt) still uniramous,

all of than being equally developed.  With the growth of the

peripheral cellular layer, the yolk (y) is further towards the
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Figure (i) 52i hour. a.l, antennule; a.2, second antenna:
cf, carapace fold; em, egg membrane; md, mandible;
rt, rudiment of thoracic appendage; y, yolk.

(j) 34 hour. a.2, second antenna; cf, carapace fold;
em, egg membrane: h, head; rt, rudiment of thoracic

appendage; y, yolk.

(k) 36 hour. a.2, second antenna; ab, abdomen, cf, carapace
fold; em, egg membrane; h, head; rt, rudiment of
thoracic appendage; y, yolk.

(1) 41 hour. a.l1, antennule; a.2, second antenna;
ab, abdomen; h, head; md, mandible; rt, rudiment of
thoracic appendage; sm, second (emi)ryonic) membrane;

y, yolk.
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centre and the oil droplets are not visible. There is some
indication of a greater thickening of the peripheral cellular
layer in the head region where the brain will later develop.

At 45 hours, the thoracic appendages are becoming biramous.

At 44i hours (Fig. 1,(m)), the embryo has elongated further
but is still enclosed in a fine membrane (sm). A distinct
head (h) has developed, and also an abdomen (ab) is well fomed.
The carapace folds (cf) have grown down further on each side.
The yolk (y) appears dark and dense.

At 47 hours (Fig. 1,(n)), there is the first sign of the
development of eye pigment (re). All the segnents of the second
antennae (a.2) are fully developed except that they do not carry
setae. The thoracic appendages (rt) are distinctly biramous.
The thin embryonic membrane (sm) is still present.

At 49 hours (Fig. 1,(0)), further elongation has occurred
but with the embryo still enclosed within its membrane (sm).

The thoracic appendages (rt) are becoming segnented.

At 51? hours (Fig. 1,(p)), the thin embryonic membranes of
some embryos have been shed. There is further development of
the second antennae (a.2) and of the carapace folds (cf).
Further thickening of the peripheral cellular layer is indicated
by the concentrating of the yolk (y) more towards the centre of
the embryo.

At 55 hours (Fig. 1,(q)), some embryos still retain their
membranes (sm). The head (h) is well developed with little eye

pigment. The second antennae (a.2) extend over more than half

the length of the embryo.  The mandibles and labrum appear almost
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Figure 1, (m) 444 hour. a.2, second antenna; ab, abdomen.

(n)

(p)

cf, caraoace fold; h, head; rt, rudiment of thoracic
appendage; sm, second (embryonic) membrane; y, yolk.

47 hour. a.2, second antenna; h, head; re, rudiment
of eye: rl, rudiment of labrum; rt, rudiment of
thora&i{c appendage; sm, second (embryonic) membrane;
Yy, Yolk.

membrane; y, yolk.

514 hour. a.1, antennule; a.2, second antenna;
cf, carapace fold; h, head; md, mandible;

rt, rudiment of thoracic appendage; y, yolk.
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fully developed. The thoracic appendages (rt) each have three
segments.

At 59 hours (Fig. 1,(r)), all the embryos are free of
enclosing membranes and the eye pigment is further developed.
Freedom from the membrane has allowed the lateral carapace
folds (cf) to spread out sideways to a certain extent.

At 62 hours (Fig. 1,(s)), there has been an increase in the
amount of eye pigment (re) and a further development of the
biramous thoracic appendages (rt). The shedding of the membrane
has also enabled the second antennae (a.2) to project away from
the body.

At 634 hours, there has been a further lengthening of the
second antennae and increase in the amount of eye pigment.

At 67 hours, the first definite movements by the embryo are
observed and the thoracic appendages move slowly. The dorsal
spine of the carapace is present. The area of eye pigment is
beginning to divide into tv/o.

At 684 hours (Fig. 1,(t)), the embryo shows more active
movements. The second antennae (a.2) are well free from the
body, carry setae and contain well developed muscle. The
mandibles (md), maxillae and thoracic appendages (rt) are
apparently fully developed. The dorsal organ (do) is visible.
There is a pair of oval pinkish compound eye rudiments (re) behind
which is a small pigment spot indicating the position of the
ocellus (oc). The midgut caeca are seen among the yolk (y)
which is becoming concentrated along the line of the alimentary

Canal.  The carapace folds (cf) are fully grown with a well
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Flfuire 1, (q)

(r)
(s)

(t)

52% hour, a.2, second antenna: ab, abdomen;
cf, carapace fold; h, head; rt, rudiment of
thoracic appendage; sm, second (embryonic) membrane.

59 hour. Dorsal view, a.2, second antenna;
ab, abdomen; cf, carapace fold; h, head.

62 hour. a.1, antennule; a.2, second antenna;
ab, abdomen; cf, carapace foid; re, rudiment of eye;
rl, rudiment of labrum; rt, rudiment of thoracic

appendage.

684 hour, a.2, second antenna; ab, abdomen;
cf, carapace fold; es, caudal spine; do, dorsal
organ; he, heart; md, mandible; oc, oceilus;
re, rudiment of eye; rl, rudiment of labrum;
rt, rudiment of thoracic appendage; y, yolk.
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developed dorsal spine (cs). The heart (he) beats sporadically.
There is movement of the abdomen (ab) which bears a caudal furca.

At 72 hours (Pig. 1,(u)), the embryo shows a considerable
amount of movement, with the heart beating Intermittently. The
mandibles (md) and the abdomen (ab) also move. The first
antennae (a.l) appear slightly reduced in size. The two halves
of the compound eye (re) are close together, are reddish brown in
colour and show a transparent outer edge which medially is common
to the two of them. The midgut caeca (me) are even more
distinctly visible. Yolk globules (y) are still present both in
the head and body but mostly in the dorsal region.

At 74 hours, the appendages are definitely fully formed and
the heart beat has increased. There is further coalescence of
the eyes which are becoming darker.

At 79$ hours (Fig. 1,(v)), the midgut (me) is distinguishable
among the yolk and approaching the dorsal part of the body. The
yolk globules are surrounding the outside of the midgut.  The
heart beat is still sporadic. The antennal and mandibular
muscles are visible in the region of the junction of the head
with the body.

At 804 hours, the two halves of the compound eye are nearly
fused and almost black. The dorsal spine is still tucked in
against the body.

At 84 hours (Fig. 1,(w)), there is increased movement of the
second antennae, the mandibles and the heart, the latter still

intermittent. Yolk is still present in considerable part of

the head and body.
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(v)

(W)

75 hour. a.l, antennule; a.2, second antenna;
ab, abdomen; cf, carapace fold; cs, caudal spine;
do, dorsal organ; me, caecum of mesenteron;

md, mandible; oc, ocellus; re, rudiment of eye;
y, yolk.

798 hour, a.2, second antenna; ab, abdomen;

do, dorsal organ; he, heart; me, caecum of mesenteron;
md, mandible; me, mesenteron: oc, ocellus;

re, rudiment of eye; rt, rudiment of thoracic

appendage.

84 hour, a.2, second antenna; cf, carapace fold;

cs, caudal spine; he, heart; md, mandible;
oc, ocellus; re, rudiment of eye; rt, rudiment of

thoracic appendage.

884 hour, a.2, second antenna; ab, abdomen,
cs, caudal spine; md, mandible; oc, ocellus;

re, rudiment of eye.
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At 884 hours (Fig. 1(x)), the movements are moderately
vigorous but the dorsal spine of the carapace (cs) has not been
extended. @ The two halves of the compound eye (re) have fully
coalesced.

At 91 hoiu's, the dorsal spine is still not extended and
yolk globules are still present. '

At 924 hours, the dorsal spine of the carapace is extended,
and the limbs are moving causing vigorous movements of the body.
The first antennae are small. The heart is beating regularly.
The dorsal organ is clearly seen. The shell gland, or maxillary
gland, is noticeable as are the caudal setae. There are still
numerous yolk globules surrounding the midgut.

The mother may take 24 to 3 hours to release her entire
brood of young. The young emerge as miniature adults except for
a few minor differences noted in a later section (see p.110).

Measurements were made of the eggs and embryos at different
ages. The measurements show a very gradual increase in size
during the early stages of development. The egg is never quite
spherical but remains slightly ovoid.  With the shedding of the
outer egg membrane there is a marked increase in length but
throughout most of the embryonic development the dorso-ventral
axis remains of about the same length.  The actual measurements
vary according to the initial size of the egg. Representative
figures to indicate the relative increases in length are:-

0.5 mmat 4 hours; a gradual increase up to 0.57 nm immediately

prior to the shedding of the outer membrane; 0.42 mm after the
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shedding of the outer membrane; a gradual increase up to 0.5 nm
immediately prior to the shedding of the second membrane; 0.6 mm
after the shedding of the second membrane; 0.75 nm at the time
of hatching.

The observations of Obreshkove and Fraser were made at 25°C.
and at that temperature 46 hours were required before the
extension of the dorsal spine whereas at 18°C. 90 to 92 hours
were required. Therefore if Obreshkove and Fraser's times are
doubled an approximation to the stage of development attained by
embryos developing at 18°C, will be obtained, providing that an
increase in temperature causes an increase in rate of development
equal throughout the whole span of the embryonic life. This is
a necessary assumption in order to be able to compare the two sets
of observations, but it may not be a strictly correct assumption
(compare Needham, 1951, 1942). Needham refers to the work of
Brown (1926, 1927) who studied the effect of temperature on the
rate of development in Cladocera.  His work was done on
Pseudosidfl bidentata in the second adult instar. Brown found
that if an animal was allowed to develop for 50" of the total
normal time at 15°C. and then transferred to a temperature of

25°C., it might take less or more time to finish its development

than would be predicted on the basis of the fact that it had still
50" of the normal time to go at 15°C. He found that the gain or
loss was statistically significant. There is no direct mention
of the effect of the change of temperature on the embryos, but

it seems likely that the effect on the embryos was the same as

that on their mother.
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The observations which I have made on the whole agree with
those of Obreshkove and Praser (a fact which suggests that the
increase in the rate of development is approximately equal
throughout) with the exception of one or two points.  Obreshkove
and Ppaser's obseiuration that at 9 hours (= 18 hours at 18°C.)
there is an invagination indicating the cephalic region, may be
correlated with the observation that at 18 hours there is the
first modification of the external surface in the form of shallow
indentations. These indentations delimit the second antennae,
however, and not the cephalic region. The cephalic region is
not recognisable until the egg is about 54 hours old (18°C.),
that is, when the egg membranes are being shed.  Obreshkove and
Fraser note that at 18 hours (= 56 hours) there is the beginning
of the development of the cephalic appendages, whereas according
to the observations at 18°C. the second antennae are well
developed with two branches which are dividing into segments.
The possible explanation for this disagreement in the two sets of
observations is given later. The next observation by Obreshkove
and Fraser, made at 21 hours (= 42 hours), records an increase in
length by 6 (". This increase in length, together with the
beginning of the cephalic appendages noted in their previous
observation, is almost certainly due to the shedding of the egg
membrane which would enable the cephalic appendages to be more
readily seen. The shedding of this membrane does not appear to
have been recorded by Obreshkove and Fraser.  However the time

corresponds to that when the egg membrane was shed by the 18°C.
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eggs, that is 54 to 41 hours after laying. The first movements
were observed at much the same times in the two series, at
50 hours (= 00 hours) at 25°C. and at 65& to 67 hours at 18°C.
Obreshkove and Phaser also give measurements for the increases
in length at the various stages and of the heart rate in number
of beats per minute. %ey found that tlie first few irregular
heart beats occurred at 50 hours (= 60 hours); that at 55 hours
(= 70 hours) the rate was 20 beats per minute; that at 56 hours
(= 72 hours) the rate was 32 beats per minute. Thereafter the
rate of beat increased rapidly until in the second instar the
rate was 180 to 200 beats per minute.  The only observations on
the heart rate of the embryos at 18°C. were some counts tnade
shortly before the extension of the dorsal spine when the rate
was found to be about 150 beats per minute. Thus in general
the observations made by Obreshkove and Fraser on embryos at
2570. agree very well with those made on embryos at 13°C. when
the shedding; of the egg membrane is taken into account.
Obreshkove and Fraser note the occurrence of the two membranes
surrounding the egg but do not indicate the shedding of either
of them,

Edmondson (1955) comments on the apparently greater
development in Daphnia macma (following Obreshkove and Fraser's
description) than in D. pulex (Edmondson's own observations) of
the body and its appendages at the time when the head elongates.
The present observations made on the D. magna confirm that
the second antennae are well developed and that the mandibles,

thoracic appendages and carapace folds have appeared before the
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elongation of the head. n Edmondson's '"early stage" apparently
terminates at, or soon after, the shedding of the egg membrane.

The embryo hatched from the outer egg membrane is
scmetimes referred to as the '"mauplius stage'. The embryo is
however further developed than the usual nauplius stage since

the thoracic appendages are beginning to develop and the abdomen

and carapace folds rudiments are also present.



b. ilie oohlnplal eor;.

Apparently there is no previous description of the
development of the living ephippial eggs. The eggs develop
inside the ephippium, or modified brood pouch of the mother, and
show very little change from the time of laying until the time of
the shedding of the ephippium. The structure of the ephippium
will be described in a later section (pdOO ). In Danhnla macm»
only two eggs are laid into the ephippium. The eggs remain
rather more ovoid than the parthenogenetic, or non-ephippial,
eggs. Earlier authors have stated, seldom v/ith actual measure-
ments, that the ephippial eggs are larger than the parthenogenetic
eggs but this iias been disproved by Green (in press) who found
that the ephippial eggs may be larger or smaller than the
parthenogenetic eggs. Baidass (1942) gives measurements for the
parthenogenetic and ephippial eggs of Daphnia pulex indicating
tliat the ephippial egi’s are the larger but he does not state how
many eggs these measurements are based on. The ephippial egg

is densely packed with yolk globules which are smaller than those
of the parthenogenetic eggs and appear more opaque. No oil
droplets are visible in the living ephippial egg. As in the
parthenogenetic egg, neither nucleus nor cytoplasm is seen.

The development within the modified brood pouch is similar
to that of the parthenogenetic egg but a great deal slower, A
transparent peripheral layer appears which becomes irregular and

is apparently slightly wider than that in the parthenogenetic egg.
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Cmall clear areas may often be seen in the peripheral layer
during the latter part of the development in the brood pouch.
A particularly well-marked unevenness of the inner edge of the
peripheral layer at one end of the egg becomes noticeable, and
a small circular lighter area appears about halfway along one
side of the central mass of yolk approximately one day befoire the
ephippium is shed. Occasionally a number of very small clear
globules appear at either end of the egg but it is possible that
this is a pathological sign. A shallow depression near one end
is the only sign of change of external form before the eggs and
ephippium are shed. The later development is similar to that of
the parthenogenetic egg, although again slower. The young
animal may hatch in about three and a half days after the shedding
of the ephippim, or it may not do so for months or even years.

The small amount of change visible during the development
of the ephippial egg while still carried by the mother makes a
selection of arbitary stages almost impossible, and for the
majority of work requiring such indices females carrying

parthenogenetic eggs can be used.
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Some physlolonlcal aspects of development,
a. The role of the brood pouch of the mother.

The brood pouch of Cladocera such as Danhnla Is a space in
the dorsal port of the animal enclosed by the carapace folds.

It is in contact with the external medium, the amount of inter-
change varying from species to species among the Cladocera.
Anterior to the brood pouch lies the heart, and ventral to it in
the thorax the midgut flanked on either side by the ovaries.
The ovaries communicate by minute oviducts with the brood pouch
and here the eggs remain until released by the mother as
miniature adults. A brood of eggs remains in the brood pouch
for approximately the length of one instar. In Daphnia. the
eggs are kept in the brood pouch by a dorsal process of the
posterior part of the body. 'The brood pouch provides shelter
for the eggs and embryos; it has also been claimed to provide
nourishment.

In Danlinia the dorsal wall of the body, forming the base of
the brood pouch, is smooth and unmodified but in Moina and in the
Polyphemidae there has been a proliferation of the hypodermal
cells and the cells have become taller. It has been claimed,
for example by Weismann (1877), that the pressure of the blood
is raised while passing through these cells and that filtration
occurs from the blood into the brood pouch.  Weismann believed
that in Cladocera such as Daphnia filtration occurs through the
lining of the carapace fold forming the sides of the brood pouch.

This would be prevented in Moina by the expansion of the brood
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pouch (lue to the large quantity of eggs and embryos causing the
layers of the carapace fold to be closely pressed together and
consenuent stoppage of the flow of blood between them. Thus the
site of the filtration apparatus has been shifted to the base of
the brood pouch. In the Polyphemidae the need for a greater
efficiency arises because the eggs are small and contain very
little yolk yet they develop into young more than ten times their
volume. In the early stages of development when the eggs have
less need for outside help it is still possible for the blood to
flow through the carapace folds so that less will pass the
"nutrient gland" in the ventral part of the brood pouch. Later
swelling of the brood pouch stops the flow through the carapace
folds and all the blood is directed past the '"nutrient gland",
the developing embryos being now in greater need of nutriment.

In the Cladocera in which such an arrangement occurs there, is a
corresponding increase in the efficiency of the closure of the
brood pouch.

It had been recorded by Lubbock (1857) that none of the
Daphnia magna eggs which he removed from the brood pouch of the
mother had developed.  Weismann (1877) found that eggs of Moina.
PolynhfiTimg and Bvthotrephes did not develop when removed from
the brood pouch of the mother and concluded that the same was
true for all Cladocera. He stated that the supply of filtrate
was greater when the eggs were smaller compared with the fully
grown embryos, but that when the eggs were rich in yolk the

filtration was still present although mixed with the surrounding

medium.  The latter category would include Daphnia in the case
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of which he based his argument on the Increase in volume during
the development of the parthenogenetic eggs. Weismann believed
that the ephippial eggs were initially larger than the
parthenogenetic eggs and yet the resulting embryos of the same
size, and thiat the explanation of this lay in the fact that the
ephippial eggs received no nutritive fluid or "Pruchtwasser',
But it is now known that in Danhnla ma“na the ephippial eggs
may be larger or smaller than the parthenogenetic eggs (Green,
1956,a). Since Weismann's time, nourishment of the eggs by the
mother has been claimed: by Gravier (1951) for Moina. Polyphemus
and Bvthotrephes and to a lesser extent in the yolkier eggs
(but depending almost entirely on Weismann's work); by Hanxmer
(1951) for Evadne and Podon. in contrast to D, mama where he
did not find it; by Krogh (1959), again quoting Weismann, for
Moina and Polyphemus: and more recently by Haget (1945; 1946)
for Daphnia.

But the development of eggs outside the brood pouch, in
distilled water, tap water or pond water has also been found,
for example: by Agar (1915) for Simocenhalus and Dauhnia Pulex;
by RammZt (1914) for D' pulex: by Rammmer (1951) for D, magna:
by Krogh (1959), quoting RanuXt for Daphnia spp.; by Obreshkove
and Fraser (1940) for D. magna: and lately by Hoshi (1950 a;

1951 b) for Simocenhalus vetulus.

These investigations, with the exception of the work of
Haget, indicate that while the poorly yolked eggs probably

receive and require supplanentation during their stay in the



47.
brood pouch in the form of nutrient from the mother, the more
richly yolked eggs do not require such nutrient. In connection
with this observation, it is interesting to note that Brammertz
(1915) found that the poorly yolked eggs of Moina do not contain
glycogen, whereas the richly yolked eggs of Daphnia do contain
glycogen. This indicates one way in which the eggs of Moina
probably require assistance from the mother.

In order to test these views a number of observations were
made on eggs of Moina and compared with those on Daphnia eggs.
Development of the eggs or embryos of Moina was not obtained
outside the brood pouch of the live mother. If the eggs are
removed from the brood pouch and placed in distilled water, run
tap water or filtered water from Regent's Park Lake, or if the
mother is killed without damaging the eggs, the eggs do not
develop. On the other hand, the eggs of Daphnia if removed from
the brood pouch of the mother at least three hours after laying
will develop in any of these tliree media, or they will develop in
the brood pouch of a dead mother.  There seems thus to be this
interesting difference between two closely related genera,
apparently related to the iamount of yolk in the egg.

It is possible, as Remuat (1914) suggested, that in Daphnia
some substance essential to development enters the brood pouch at
the same time as the eggs, since there is an initial period of
about three hours during which it is not possible to remove the
eggs from the brood pouch and obtain development. This j>eriod
corresponds to the time when there is a swelling of the eggs with

change of shape, and is correlated to the state of the egg
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membrane, which is becoming firm. It is more likely tliat
failure to develop is due to differences in osmotic pressure”
This is supported by the fact that the majority of eggs burst on
removal from the brood pouch during this period. Apparently
the egg membrane is not yet able to withstand the differences in
osmotic pressure onthe two sides of the membrane. Also during
this initial period the egg is particularly susceptible to toxic
poisons.  Later the egg membrane is relatively very impermeable,
as is indicated for example by failure of stains to penetrate.
Ha™et (1945; 1946) suggested that there is a gradual increase
of the osmotic pressure in the brood pouch which corresponds to
the increase in the internal osmotic pressure of the Daphnia
female during an instar recorded by Pritzsche (1917). The
"liquide incubateur'" would contain substances proceeding from the
maternal blood and its osmotic pressure would thus vary in the
same way as that of the mother. Haget's results were based on
a consideration of the work of RamuZt and Pryzleeki and on some
experiments involving the substitution of older embryos into the
brood pouches of animals carrying younger embryos or eggs, and
vice versa.  When the *"Ider embryos were substituted for
younger, they freed themselves of their larval envelopes sooner
than they would have done according to their 'true" mother,
whereas in the inverse situation there is a retardation of the
bursting of the egg membrane although the animal continues to
develop within the egg membrane.  Since the osmotic pressure of

the egg increases during development (p. 50 )» these results can
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be explained if the osmotic pressure of the fluid in the brood
pouch also increases but is initially lower. The experiments

themselves however are based on small numbers.
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b. The osmotic pressure of the egg and related factors.

In relation to the suggestion of a nutrient fluid in the
brood pouch of the mother, it is important to consider the osmotic
pressure of the eggs and that of the surrounding environment.

In both parthenogenetic and ephippial eggs, the osmotic pressure
rises during the course of the embryonic development until in the
later stages it is about four times that in the early egg.
Pryzlecki (1921, a and b) determined the osmotic pressure of the
eggs of Daphnia magna. using glucose solution and measuring the
concentration required to cause no change in the egg volume, that
is the point of isotony. In the parthenogenetic eggs, six hours
after laying into the brood pouch Pryzlecki (1921, a) found

A= 0.186”, while at 84 hours (temperature not stated but must be i
less than 187C)4= 0.759”. In the ephippial eggs six hours |
after laying A= 0.240”, and at 50 to 60 hours A= 0.754” to 0.740”

(Pryzlecki, 1921, b). Similar results were obtained for
Simocephfllus vetulus. Pryzlecki regarded the increase in osmotic
pressure in the ephippial eggs as the cause of the stopping of -
development. The increase is not completely uniform but is less
pronounced in the later stages of development.  During the J
diapause of the ephippial eggs the osmotic pressure remains con- j
8tant and there is no dehydration.  With the recommencment of ;|
development the osmotic pressure sinks by 557, to rise subse-

quently during further development. In contrast to the increase
in the osmotic pressure of the eggs and embiyos, the osmotic

pressure of the brood pouch does not change. In general the
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behaviour of the osmotic pressure is comparable to that found in
Amphibia.  Pryzlecki believed that most of the increase in
osmotic pressure is due to osmotically active substances foimed
during development.

Krogh (1939) suggests the possibility of an active
absorption of salts from the surrounding medium but considers this
is unlikely because normal development is possible in distilled,
water.  Pryzlecki attributed 245? of the lowering of the osmotic
pressure of the ephippial egg at the time when development
recommences to the absorption of water, 54" to the excretion of
osmotically active substances into the perivitelline liquid, end
the remainder to probably either the expulsion of osmotically
active substances to the exterior of the egg or to a changing of
these substances into less active bodies. The osmotic pressure
of the perivitelline changes in parallel to that of the embryo
but has a smaller value.

Although the osmotic pressure of the egg rises steadily, the
elastic tension of the egg membrane increases less regularly.
Between the sixth and the twenty-fourth hour after laying the
extension of the membrane increases from 20 to 67? (Pryzlecki,
1921,a). There is then a period during which no further tension
of the membrane occurs until the sixtieth hour of development
when the egg membrane bursts and a period of extension of the
larval membrane follows. The actual growth of the egg or embryo
depends on the properties of the membranes, because although the
osmotic pressure inside the egg is steadily increasing, growth is

stopped for the 24 to 60 hour periodto lack of extensibility
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of the membrane, whereas rupture of each membrane is followed by
an increase in growth.

If the egg membrane is prevented from rupturing, ,
differentiation continues although growth cannot and a 'dwarf"
embryo results. The membrane does not rupture if the osmotic
pressure of the surrounding medium is increased, for example if
the eggs are placed in NaCl solution. N/50 NaCl will cause
"closed" development of some of the eggs of Daphnia pulex. N/15
of all the eggs. %is was determined by RanmZt (1925). If the
membrane is artificially ruptured normal development will continue
even if the young are left in the salt solution. Moderately
dilute calcium will also cause '"closed" development (Phear,
personal communication). "Closed" development occasionally
occurs in eggs which are developing in the brood pouch. RanuXt
noted that eggs of the same brood showed different powers to
develop in the salt solutions. This may perhaps be correlated
with the fact that in broods developing normally, eggs of different
sizes are found and eggs at different stages of development.

The hatched young and adult animals will tolerate salt
solutions which cause 'closed" development of eggs, and their
osmotic pressure is normally higher than that of the surrounding
medium. The studies of Eritzsche (1917) on the adult indicated
that the internal osmotic pressure is directly related to
processes of growth. At a high external osmotic pressure

moulting is difficult; similarly at a high external osmotic

pressure rupturing of the egg membrane does not take place.
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The latter indicates that the egg normally absorbs water and
indeed that inflow of water is essential to normal development.
This inflow is correlated with the increase in volume that takes
place. Inflow of water due to differences in osmotic pressure
brings about the hatching of the embryo which as it swells up
breaks the membranes. A similar method of hatching is described
for copepiods (Needham, 1951); and Manton (1928) suggests that the
bursting of the egg membrane of Hemimvsis is probably mainly due
to increase in the volume of the yolk by absorption of water from
the surrounding medium. In this respect it is interesting to
note that the eggs of Artemia salina will not hatch in strong salt
solutions in which the adults normally live (an observation by
Becking, quoted by Needham, 1951). Nevertheless the eggs of
phyllopods such as Artemia and of cladocerans will withstand
considerable desiccation without losing the power to develop.

Various experiments have been undertaken to find a salt
solution physiologically balanced for the hatching of the
parthenogenetic cladoceran egg. Rey (1955) reported development
in a modified Ringer solution, but failure to develop in distilled
water, or single solutions of NaCl, KO or CaClg, Development
may depend upon the concentration of the salt and possibly on the
pH of the distilled water. The pH of the developing egg is
usually neutral (Needham, 1942). Hoshi (1951,b) obtained 672
development in distilled water of pH 7.2, and 69?" to 80" develop-
ment in various artificial media containing NaCl, KCl and CaClg,
a combination of all three being the best. None of Hoshi*s

_S imocenhflliis vetulus eggs developed in the modified Ringer



64.
solution used by Lévy for his experiments on the effect of
various ions on the heart rate of Danhnia marina. 100? develop-
ment occurred in filtered pond v/ater. Obreshkove and Fraser
(1940) also found that Lévy's medium prevented development.
Fluid from the brood pouch of the mother gave no advantage,
Hamu/t (1914) obtained development in distilled water and pond
water but found that egg albumen killed the eggs, while the blood
of the mother had no effect on the development.

Failure to develop in various artificial media may be due to
an upsetting of the osmotic pressure relations or to the direct
effect of one of the substances upon the egg. Little is known
about the variations in susceptibility to toxic substances during
the development of arthropods. In Daphnia susceptibility is
greatest during the initial period before the membrane becomes
firm. Van Herwerden (1921, quoted by Needham, 1931) found that
Daphnia pulex eggs subjected to radium emanation proceeded to
develop as far as gastrulation and all then died. This agrees
with the indication found in several other animals that
gastrulation is the most critical point in the development.

yhen irradiated with soft X-rays the early stages of the
development of Daphnia proved more vulnerable than the later
stages (Sneider and Kersten, 1956). The adults, as well as the
eggs of the next brood, were apparently unaffected. The younger

stages in the development of an animal are in general considered
to be the most vulnerable (Needham, 1951), the possibility being

suggested that this is concerned with the effect of the X-rays
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on the absorption and utilization of some constituent of the

yolk, such as lecithin.
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c. The contents of the egg.

An appreciable amount of work has been done onthe con-
stitution of the insect egg but very little on that of the egg
of the Crustacea. In the newly laid egg of an animal, proteins
form the vitelline granules; the fats occur in the form of
droplets; glycogen appears as granules scattered through the
egg (Brachet, 1950 translation of 1945). Kaudewitz (1950)
centrifuged the egg of Danhnia nulex at 500 g. for five minutes
leading to stratification of its contents. Even in this
relatively non-yolky Daphnia egg, a large quantity of yolk
appeared at the centrifugal pole and a small amount of plasma
and a large oil droplet at thecentripetal pole.

In Daphnia magna the yolk occupies an extremely large
proportion of the newly laid egg. In the parthenogenetic egg
the yolk is in the form of granules of many sizes and irregular
shapes, while in the ephippial egg the yolk granules are generally
smaller and of more even size and shape. There appears to be a
slight difference in the staining reaction between the yolk of
the two types of egg and there is.also a marked difference in
staining reactions of the yolk of the same type of egg at
different stages of development or in different parts of the egg
at the same time. Thus in the parthenogenetic egg stained with
Heidenhain's Iron Haematoxylin the yolk granules at first stain
an even ''smooth" blue, later some of them stain brown and with

further development the percentage of granules staining brown

increases.  With Mallory's Triple stain the yolk at first stains

reddish-orange, with Heidenhain's Azan stain (a modification of
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Mallory's Triple) red. As the yolk cells are formed the yolk
which they contain stains blue with either of these stains, the
remainder of the yolk still staining reddish-orange or red. As
development proceeds the proportion of yolk staining blue
increases and it is noticeable that in general the larger yolk
globules stain blue, the smaller red. The reactions to the
three stains occur both after corrosive sublimate fixatives and
after .Pith's Pormol-Bichromate. As the yolk cells are formed
part of the yolk contained within them assumes a granular
appearance. It appears that the yolk which stains pale brown
with Iron Haematoxylin and that which stains blue with the other
two stains is yolk in the process of assimilation. With
Mallory's Triple stain and with Heidenhain's Azan stain the red
or orange indicates true yolk, the blue a change to material of
a more cytoplasmic nature. The yolk of the ephippial eggs stains
much darker and more coarsely with Heidenhain's Iron Haematoxylin
than the yolk of the parthenogenetic eggs, even when the
surrounding cytoplasm has been differentiated to a very pale
blue-black.  With Mallory's Triple stain the yolk of the
ephippial eggs stains yellow-orange as it does also with Heiden-
hain's Azan stain. It is interesting to note that Manton (1928)
found that in the early stages of Hemimvsis also the yolk stains
red with Malloiy's Triple stain, later staining blue.

The above observations are only differences noted in slides
prepared for the study of the general embryological development.
No investigations have been made of the actual chemical

composition of the yolk or of its changes throughout development.
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Such studies would prove extremely interesting. Possible
differences between the yollc in the non-ephippial and ephippial
eggs are also of importance, particularly in view of
Andrewartha's (1952) suggestion that diapause in insects may be
due to some metabolic process associated with food reserves in
the yolk or fat.

The fat in the egg of Daphnia mamm is contained within
two or tliree large droplets which diminish slightly in volume
during development towards the end of which they break up into
small droplets which are apparently taken into the cytoplasm of
the fat cells.

Abundant quantities of both glycogen and fat were found in
the eggs of Daphnia mama by G allistel (1956-7). She did not
find any great difference in the kind of reserve material in
non-ephippial and ephippial eggs.

In Simocenhalus vetulus the glycogen is found in the
cytoplasmic parts of the egg rather than in the yolk, according
to the investigations of Hoshi (1950 c¢; 1951 a; 1955; 1954).
This is in agreement with Brachet*s general statement about the
contents of eggs. In S. vetulus. the amount of glycogen
gradually increases during the early embryonic development, from
0.70f of the wet weight just before the shedding of the egg
membrane to 0.915? in the stage between the shedding of the two
membranes, falling again to 0.71”" in the young animal just
released from the brood pouch, after which it again increases.

The glycogen gradually appears in the muscles, the wall of the

alimentary canal and the excretory organ. Both the histological
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properties and enzyme tests suggest that the glycogen is combined
with protein and fat. The digestibility of the glycogen
increases during embryonic development and is facilitated by a
combination of amylolytic, proteolytic and lypolytic enzymes.
Under serai-anaerobic conditions (water containing 0,08 ml. of
oxygen per litre) the glycogen content is nearly constant through-
out the embryological development, that is 0.50?", 0.67" and 0.55K
of the wet weight in the stages noted above.  When the oxygen
content of the water is varied, the amount of glycogen used by the
embryos is inversely proportional to the oxygen content.  When
the length of time in the semi-anaerobic conditions is varied,
the amount of glycogen used is directly proportional to the number
of hours spent under these conditions. The maximum survival
time under semi-anaerobic conditions for the stage before the
shedding of the egg membrane is 11 hours.

The amount of fat contained in the oil droplet decreases
during embryonic development, which suggests its utilization as
a source of energy. Taken together with the information that
the RQ. increases gradually during development, these
investigations led Hoshi (1950,a,0) to suggest that the energy
source of development is mainly fat in the stage before the
shedding of the egg membrane with seme participation of pretein
and Carbohydrate. Later, after the shedding of the egg membrane,
the fat decreases in importance while the protein and carbo-

hydrate increase.in importance, until at the end of the embryonic

development the carbohydrate plays the principal role in the
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energy supply. These results are in contrast to the suggestion
made by Needham (1931; 1942) that carbohydrate metabolism is
associated with the early developmental stages; protein and fat
with the later stages. Needham's conclusions were based on
information from the chick, minnow, grasshopper, crab, a nematode
and a gephyrean worm. @ However it is possible that determinations
of RQ. at a stage earlier than those so far made would indicate
an initial slight decrease and thus suggest a very early carbo-
hydrate metabolism.

A decrease in the dry weight of 16 to 25/ during the embryonic
development has been shown by Green (1956,a). A similar loss of
dry weight during development has been shown to occur in other
animals, for example the hen and the silkworm.

Other substances present in the egg of Danhnia include
caroteneids and haemoglobin. Carotenoids may colour the egg
green or orange, the amount present varying greatly. Their
presence is apparently not essential because eggs develop normally
without them.  The main factor influencing the amount present
appears to be the diet of the mother. Teissier (1952) first
established the presence of a carotenoid in the eggs of Danhnia
pulex and found that if the mother was given food devoid of
Carotenoids the eggs lacked carotenoid, whereas if the food con-
tained certain carotenoids, carotenoid was also present in the
eggs. The carotenoid is at first evenly distributed through the

cytoplasm, but with the formation of the yolk cells it is found

only in the cytoplasm of these cells (Green, personal communicaticii®
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Other carotenoids are sometimes found in the oil droplets,
colouring them yellow or orange. Green has also found that at
about the time of the release of the young from the brood pouch
of the mother, the carotenoid protein disappears from the cyto-
plasm of the yolk cells (now become fat cells) whereas the colour
of the fat globules becomes a much more intense orange. Green
suggests that this would appear to indicate a break in the link
with the protein causing a change in solubility, so that the
freed carotenoid is taken into the fat globules. The carotenoid
in the eggs of Darhnla has no known function.

Haemoglobin is found in the eggs and embryos of Danhnia in
varying amounts. The amount present depends principally on the
number of eggs in the brood (Green, in press), although the
concentration of haemoglobin in the blood of the mother and
indirectly the nutrition of the mother will be important. The
presence of haemoglobin was detected by Teissier (1952) in
the eggs of Daphnia pulex: and in the eggs of D. magna by
Fbx (1948) who found that liaemoglobin is present in the
parthenogenetic but not in the ephippial eggs. The ephippial
eggs do, however, contain a considerable amount of haem.  The
haemoglobin passes from the blood of the mother into the eggs in
the ovary a few hours before laying (Dresel, 1948). The amount
of haemoglobin present decreases as the embryos develop (Pox,
1948), and as the haemoglobin decreases the amount of daphniarubin
in the gut increases (Phear, 1955). The total haem content

remains the same throughout the embryonic development. It has

been found by Fox et al (1951) that the presence of haemoglobin
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apparently accelerates the development of the parthenogenetic
eggs in the later stages.

The eyes of Danhnia when first formed are pink, darkening
gradually to a reddish brown and finally assuming the black
colour displayed by the eyes of the adult, A similar series of
colour changes occurs during the development of the eyes of
Gammarus. in which Ford and Huxley (1927) noted that the red
pigment is soluble in alcohol, the darkening being caused by a

deposition of melanin.
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d. The respiration of the egg.

The respiratory quotient increases during the embryonic
development. This was determined in Simocenhalus vetulus by
Hoshi (1950,a) and agrees with the latter part of the curve for
Carcinus mounas obtained by Needham (1953). Hoshi's
determinations did not start until the stage immediately
preceding the shedding of the egg membrane so that it is
possible that an earlier slight decrease in the respiratory
quotient may occur, as it does in Carcinus moeiias.  However
the sea urchin (Lindahl, 1942) shows only an increase.
Experiments with developing Simocenhalus vetulus (Hoshi, 1952)
indicate that before the shedding of the egg membrane the egg
can survive longer under semi-anaerobic conditions than it can
in later stages. The rH shows large changes under semi-
anaerobic conditions and is less than that during development
under normal conditions, when the changes are slight. Hoshi
(1949) has also suggested tliat the eggs have a high metabolic

activity, relative to the older stages.



64.
The Develognent of the Parthenogenetlc. or Hon”ephlppial. Epp.

A study of the embryological development of Danhnla mamia
was undertaken with a view to the elucidation of the main aspects
of a type of development imperfectly known and with several
interesting features. Special attention was devoted to the
early stages, to the process of gastrulation and germ layer
formation, to the further development of the endoderm, to the
formation of the yolk cells, to the further development of the
mesoderm in the formation of the heart, excretory glands and
genital organs and to the early history of the dorsal organ.

No previous work has given a satisfactory account of the
early development, while the accounts of gastrulation and germ
layer formation have nearly all been in disagreement with each
other.  The method of formation of the mesenteron is of a type
very rare among the Crustacea and imperfectly known. The yolk
cells have been regarded as having a mesodermal origin in Danhnla.
but in the majority of Arthropods the yolk cells develop from
endodermal cells and a mesodermal origin has generally been
disproved. The fate of the mesoderm is of interest in view of
the work of Cannon (1924; 1927) on the development of Estherla
and Chirocenhalus. demonstrating the existence of segmental
coelomic cavities in the mesoderm and the relationship of these
cavities to the formation of the heart and excretory organs of
the adult. It is therefore of considerable interest to find
out if there are any vestiges of metameric coelomic sacs in the

embryo of a cladoceran. Such coelomic cavities are present in
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all classes of Arthropods, Including a large number of
Crustacea. The dorsal organ is present in the embryos and
occasionally in the adults of various Cladocera and its function
is not known. A study of its development and history was
undertaken in the hope of adding to the understanding of this
structure.

Aberrancy.

An interesting aberrant form was noted in a brood of
embryos the majority of which were well developed with all the
appendages present and nearly ready to shed the second, or
embryonic, membrane. @ One of the eggs had remained spherical
and was filled with granular cytoplasm, which was almost uniform
and contained about six relatively enormous nuclei, their
diameter being approximately one-fifth that of the whole egg.
The nucleolus was proportionally large and spherical.

Disintegrating embryos were sometimes observed in the brood
pouch of the mother. Either the whole or part of the brood

disintegrated.
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a. The early stages of development.

The newly laid egg is sausage-shaped hut gradually becomes
ovoid (Fig.la; Fig.2) and remains not quite spherical for the
remainder of its development until the bursting of the first egg
membrane.  The eggs vary considerably in size, but average about
SSQu by 550/A. They are enclosed within a thin egg membrane whicSi
becomes firmer during the first few hours in the brood pouch with
the formation of an outer chorion and an inner vitelline membrane.
The eggs contain a large quantity of yolk in the form of globules
of various sizes (Fig.2,y).

The initial or ripening division begins while the egg is
still in the ovary and has been described in Daohnia marma by
Mortimer (1956) and in D. mlex by Baldass (1942). The single
polar body is formed about thirty minutes after the egg has been
laid into the brood pouch (Fig.5; Fig.4). This division shows
the nucleus in a vesicular phase WhichI l\)flv’sswgften ltama o>"served
in the nuclear divisions of D. mapna. The egg nucleus then
migrates to the centre of the egg. Mortimer could not identify
the egg nucleus after the dividing off of the polar body and the
baginning of the migration towards the centre of the egg.

In the centre of the egg the nucleus is surrounded by a
small area of cytoplasm (Pig.5,nu). There is also an extremely
thin layer of cytoplasm at the periphery of the egg (Pig.2,pc),
varying little in width. The remainder of the egg is filled
with yolk (y) and a small number of oil droplets (od). In

Ta:Imia' PUlex Baldass described a single oil droplet, but in
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Figure 2, A diagrammatic reconstruction, based on serial sections,
of the parthenogenetic egg of Danhnia magna half an

hour after it has been laid into the brood pouch of the

mother showing the nucleus (nu) at the periphery,

od, oil droplet; pc, peripheral cytoplasm; y, yolk.
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Figure 5, (a) and (b). Sections through parthenogenetic eggs of
Daphnia magna at the same stage as shown in Fig, 2
showing the nucleus (nu) dividing at the periphery,

od, oil droplet; pc, peripheral cytoplasm; y, yolk.



Figure 4. (a), (b) and (c). Sections through parthenogenetic eggs
of Danhnia magna showing the nucleus divided into two
at the periphery of the egg about one hour after the
egg has been laid into the brood pouch of the mother,

nu, nucleus; od, oil droplet; y, yolk.
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Figure 5. Section through an egg of Daphnia magna just laid
into the brood pouch of the mother showing the

nucleus (nu) among yolk globules (y) and about to
divide, od, oil droplet.
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Daphnia magna there is more than one, usually at least three,
one of which is slightly larger than the others. There are also
noticeable in sections numerous smaller spaces which may be due
to the loss during preparation of the sections of some of the
larger yolk granules but appear to show a structure similar to
that of the oil droplets.

The nucleus undergoes its initial divisions while in the
centre of the egg, the resulting blastomeres being represented by
cytoplasmic islands (Fig. 6,bl), each with a nucleus. The
cleavage affects only the central nucleus and the cytoplasm
surrounding it, the remainder of the egg is unchanged.  There
is no external sign of segmentation. The blastomeres are
irregularly scattered through the yolk at the centre of the egg,
penetrating an area with a diameter about one-third that of the
whole egg. The nuclei do not divide in complete synchronisation,
so that 8-, 16-, 52-cell stages are not clearly defined. At
about the 12- to 16-cell stage the nuclei in their areas of
cytoplasm begin to move towards the periphery of the egg(Fig. 6).
They do so along very fine cytoplasmic strands which extend from
the thin peripheral layer through the yolk to the central cyto-
plasmic islands. The movements of the nuclei exhibit a slight
polarity, a greater number moving towards the animial pole of the
egg. The islands of cytoplasm (bl) rise through the yolk and
fuse with the outer thin layer of cytoplasm (pc). They here foim
swellings of the peripheral layer, projecting slightly towards

the interior of the egg and connected by thin cytoplasmic strands.



Figure 6. Diagrammatic reconstruction of a parthenogenetic egg
of Daphnia matma about eleven hours after it has been
laid into the brood pouch of the mother showing cyto-
plasmic areas (bl) scattered through the central yolk(y)
and approaching the periphery of the egg. od, oil
droplet; pc, peripheral cytoplasm.



68.
The cytoplasm gradually becomes more even In thickness and the
cytoplasmic strands withdrawn from the yolk (Fig. 7). Apparently
all the nuclei and their surrounding areas of cytoplasm migrate
to the surface of the egg, none being left behind.in the yolk.
The nuclei (bl) 0 # occur at intervals in a peripheral layer
of cytoplasm (pc) being slightly more numerous at one pole. .The
nuclei continue to divide in the peripheral cytoplasm (Fig. 8;
Plate 1). With the gradual formation of cell membranes between
the nuclear areas the biastula stage is reached.%flhis consists

of a thin outer blastoderm surrounding a large inner mass of

yolk (Plate 2),
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Figure 7. Section through an egg at the same stage as Fig, 6
showing the outer cytoplasmic layer (pc) surrounding
the central yolk (y) and two of the nucleated areas
of cytoplasm (bl) which have reached the periphery,

od, oil droplet.
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Figure 8. Section through a parthenogenetic egg of Daphnia macn»

about sixteen hours after it has been laid into the
brood pouch of the mother showing nuclei (nu) in the
peripheral cytoplasmic area (pc) surrounding the

central yolk (y).
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Photomicrograph of a transverse section through
an egg at the same stage as Fig.8,16 hours after
the egg has been laid into the brood pouch of the
mother, showing the nuclei(nu) in the peripheral

cytoplasm(pc) surrounding the central yolk(y).

Scales on the photomicrographs are approximate.



Plate 2.
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Photomicrograph of a transverse section through
an egg just before gastrulation showing the outer

blastoderm of cells(oc) and the central yolk

globules (y) .
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b. Gastrulation.

The term gastrulation is used here in the wide sense of
Pasteels: '"Quelque soit 1'oeuf de Métazoaire que l'on envisage,
il subit aprés la segmentation, un changement subit de forme,
un remaniement profond de la répartition de ses masses
cellulaires. Cette mstrulation précéde toujours de peu

I ’apparition des organes primordiaux" (Pasteels, 1940)."

There is no visible differentiation between the cells of
the blastoderm. In the future ventral region of the egg, a very
small invagination appears together with a marked immigration of
cells (Fig, 9). The cells immigrate separately into the Interior
of the egg and form an irregular mass (icm) without distinct
layering, the boundaries of the cells being polygonal. The
actual invagination is exceedingly small (Fig. 10). The
blastoderm cells do not change in shape or alter their position,
and there is no indication that part of the blastoderm itself
moves into the centre of the egg. The cells pass separately
from a restricted area of the surface of the egg around the small
invagination into the interior of the egg. There is no visible
difference between the immigrating cells except for the genital
cells (Fig, 11). The genital cells (gc) are recognisable in the
inner cell mass as a small group of slightly larger cells with
large nuclei containing a large darkly staining nucleolus
surrounded by a clear area with little chromatin. These cells

do not contain yolk. The remainder of the cells of the egg

contain globules of yolk within vacuoles. This applies to the



Figure 9, Diagrammatic reconstruction of the parthenogenetic

egg of Daphnia magna at the stage of gastrulation,

ec, outer cell layer; icm, inner cell mass; od, oil

droplet; y, yolk.



Figure 10. Section through the region of gastrulation at the

same stage as Pig. 9. ec, outer cell layer; icm, inner

cell mass.
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Figure 11. Diagrammatic reconstruction of the parthenogenetic
egg of Daphnia mafma at the end of gastrulation.
The '"Scheitel"“plate (Sch) does not occur in the
midline, ec, outer cell layer; gc, genital cells;

men, mesendodem; y, yolk.
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outer layer of cells surrounding the central mass of yolk and to
the cells which have immigrated into the interior. There is no
difference between the nuclei of the inner ,cells (Pig. 18,men)

and it is not possible at this stage to distinguish mesoderm from

endoderm.

Earlier workers have distinguished between an earlier
ectomesoderm and a slightly later formation of a mesendodem
(Cannon, 1921), or between an early formation of ectomesodem
and a later formation of endodem (Baldass, 1942). But in
Daphnia magna no difference can be noted in yolk content, size of
nuclei or in the staining of the cytoplasm between the first
cells immigrating into the interior of the egg and the last cells.

The remainder of the surface of the egg is formed of a
single layer of columnar cells (Pig. 11l,ec). Almost simult-
aneously to the immigration of the cells into the interior of
the egg, two groups of four of these cells situated in the
future antero-dorsal region of the egg become greatly enlarged
with enomous nuclei (Sch). These are the cells of the
"Scheitel'"-plate, or crown of the liead plate, which later give
rise to the nervous system and sense organs of the head. The

cells are very noticeable and rival the genital cells in size.
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Figure 12, Transverse section through the ventral region of an
egg at the same stage as Fig. 11 showing the

mesendoderm (men) of large irregular cells.
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c. The alimentary canal.

At the end of gastrulation the egg (Fig. 11) has an outer
layer of columnar cells (ec) surrounding an inner mass of yolk (y).
There is a paired antero-dorsal '"Scheitel"-plate (Sch).
Ventrally an inner mass of cells (men) extends from the region
of the "SCheitel'-plate to the posterior end of the egg, with a
group of about a dozen genital cells (gc) lying against its
postero-ventral inner edge. There are also a number of yolk
cells in the peripheral region of the yolk (see p.76 ).

When the egg is about one day old (Fig. 15; Plate 3), it
becomes possible to distinguish between the mid-ventral part of
the inner mass of cells (en) and the cells forming its lateral
and anterior edges (m). The mid-ventral strand is about four or
five cells in width and about three cells in height (Fig. 14,en).
It projects further into the interior of the egg tlian the cells
on either side of it (m). The cells forming the strand are
larger than the surrounding cells and less granular. Their
nuclei are also larger and contain only a small number of
scattered chromatin granules; the nucleolus is often elongate.
These are the endodermal cells (en) and will form the mesenteron
of the alimentary canal, they do not contribute to any other
structure.  The surrounding cells are mesodermal (m).

At approximately the same time as the recognition of the
mid-ventral strand of endodermal cells, small invaginations

appear in the anterior and posterior regions of the ventral

surface of the egg (Fig. 15,st,pr). They are short simple



Figure 15. Diagrammatic reconstruction of the parthenogenetic
egg of Danhnia magna soon after gastrulation has takai
place and when endoderm (en) and mesoderm (m) have
just become distinguishable, ec, outer cell layer;
gc, genital cells; Im, lateral extent of mesoderm;

od, oil droplet; Sch, "Scheitel"-plate; y, yolk;
yc, yolk cell.
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Plate 3. Photomicrograph of a transverse section through an
egg at the same stage as Fig. 15 showing the endodermal
cells(en) with mesodermal cells(m) laterally,

ec,outer 1l2R;er of cells; y ,yolk.
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Figure 14, Transverse section through an egg at the same
stage as Pig, 15 to show endoderm (en) and

mesoderm (m). y, yolk; yc, yolk cell.
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Figure 15. Diagrammatic reconstmction of the parthenogenetic
egg of Daphnia magna at the stage when the antennal
fold (a.2) is forming, ec, outer cell layer;
en, endoderm; gc, genital cells; m, mesoderm;
pr, proctodaeum; Sch, "Scheitel"-plate;

st, stomodaecum; y, yolk.
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invaginations of the outer cell layer. The anterior, or
stomodaeal, invagination (Fig. 15,st; Fig. 16) is slightly the
larger of the two. It is ventral to the "Scheitel"-plate (Sch)
and close to the anterior end of the mid-ventral strand of
cells (Fig. 15,en; Fig, 18). The posterior, or proctodaeal,
invagination (Fig. 15,pr; Fig. 17; Plate 4) is slightly ventral
to the posterior end of the inner mass of cells, and near to the
posterior end of the endodermal strand. This stage is marked by
the first indication of the second antennae (Fig. 15,a.2) in the
form of a pair of lateral folds near to the anterior end of the
egg. The fold contains cells from the lateral, or mesodermal,
parts of the inner cell mass.

The formation of the mid-ventral strand of cells into a
solid rod now takes place (Fig. 19). The process begins at the
anterior end of the strand (Fig. 20, Plate 5; me), and to a very
small extent at the posterior end (Fig. 21,me). The cells of
the middle part of the strand remain at first unchanged.

Anteriorly the rod consists of an outer circle of about seven to

eight cells surrounding an inner core of one or two cells (Fig.20).

Further posteriorly the cells of the rod are irregularly
arranged (Fig. 21), indicating an intermediate stage between
strand and rod. The rod lies close to the ventral outer cell
layer (ec) but is distinct from it. At this stage each antennal
fold (Pig. 19,a.2) has divided into two, and the mandibles (md)
are beginning to develop.

At approximately the time of the bursting of the egg

membrane (Fig. 22), all the endodermal cells have formed into a

I
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Figiire 16. Sagittal section through an egg at the same stage

as Fig. 15 showing the stomodaeum (st). ec, outer

cell layer; m, mesoderm; y, yolk.
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Figure 17, Vertical longitudinal section through an egg at

the same stage as Fig, 15 showing the proctodaecum (pr).

m, mesoderm; y, yolk.
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Plate 4. Photomicrograph of the sagittal section through an

egg at the same stage as Fig.1l5 showing the

proctodaeumCpr). ec,outer layer of cells; m,mesoderm;

y,yolk.



Figure 18, Transverse section through an egg at the same

stage as Fig, 15 to show the endoderm cells (en),

y, Yyolk.



Figure 19,
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Diagrammatic reconstruction of the parthenogenetic
egg of Daphnia manna at the stage when the rudiments
of the second antennae (a,2) and mandibles (md) are
present and the mesenteron (en) is beginning to form
into a rod, ec, outer cell layer; gc, genital cells;
Im, lateral extent of the mesoderm; ni* mesoderm;

od, oil droplet; pr, proctodaeum; Sch, "Scheitel'-

plate; st, stomodaecum; y, yolk.
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Figure 20. Transverse section through an egg at the same stage
as Fig, 19 showing an early stage in the formation
of the mesenteron rod (me), ec, outer cell layer;

m, mesoderm; y, yolk.
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Plate 5« Photomicrograph of a transverse section through

egg at the same stage as Fig.19 showing the early

formation of the mesenteron rod(me). ec,outer layer

of cells; m,mesoderm; y,yolk.
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Figure 21, Transverse section through an egg at the same
stage as Pig. 19 in a position posterior to that

of Pig. 20 and showing the mesenteron rod (me) less
well formed, ec, outer cell layer; gc, genital cells;

m, mesoderm; y, yolk.
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rod (me), which develops an anterior dorsal flexure with a pair
of short appendages (me) in the same region, the beginnings of the
midgut caeca. There is also a small posterior flexure in the
region of the junction of the mesenteron with the proctodaecum.

The alimentary canal now consists of stomodaeal and
proctodaeal (Fig. 25; Plate 6; pr) invaginations connected by a
solid rod of cells (Fig. 24; Plate 7; me), the future mesenteron. |
The mesenteron has a well developed dorsal flexure near to its
junction with the stomodacumand a poorly developed flexure near
to its junction with the proctodaecum (Pig. 22). The anterior |
flexure bears a pair of stumpy appendages (me), which are solid. |
The remainder of the mesenteron (me) is also solid except for a |
very short anterior region. The stomodaeum (st) and proctodae'im |
(pr) each have a narrow slit-like central cavity.

The mesenteron develops a central cavity when the embryo is
just over two days old (Pig. 25). The first indication of the f
cavity is a strand of palely-staining cytoplasm in the centre of
the rod (Pig. 26,me). The nuclei of the mesenteron cells {
accumulate towards the periphery, and the cells themselves become |
arraiged radially into a single layer. The pale median strand i
collapses and a central cavity is formed. The cavity appears
first at the anterior end of the mesenteron (Fig. 26), with a
slight development also at the posterior end (Fig. 27,me). Most
of the development spreads from the anterior end backwards. A

central cavity is formed also in the short appendages, or midgut

caeca (me).
Gradually the mesenteron separates from the ventral outer
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Figure 22, Diagrammatic reconstruction of the parthenogenetic
egg of Danhnia magna at the stage when the egg
membrane (em) is shed, cf, carapace fold; gc, genital
cells; m, mesoderm; me, caecum of mesenteron;

me, mesenteron; pr, proctodaeum; st, stomodaeum, y, yolk,



Figure 25, Transverse section through an egg at the same
stage as Fig, 22 showing the proctodaecum (pr)

surrounded by mesodermal cells (m). y, yolk»
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Plate 6. Photomicrograph of a transverse section through an

egg at the same stage as Fig.22 showing the
proctodaeumCpr) and the surrounding mesoderm cells(m).

ec,outer cell layer; y,yolk. '



-~0"'0 ni, %

Figure 24. Transverse section through an egg at the same
stage as Fig. 22 showing the mesenteron (me).

This section is anterior to that of Fig, 23,

m, mesoderm; y, yolk; yc, yolk cell.
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Photomicrograph of a transverse section through an
embryo at the same stage as Fig.22 showing the
mesenteron (me) formed into a rod and the surrounding
mesodermal cells(m). rt,rudiment of thoracic

appendage; y,yolk.
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Figure 25, Diagrsmraotlc reconstruction of the parthenogenetic
embryo of Dophnlo mafoa after the shedding of the
egg membrane with the mesenteron (me) beginning to
develop a cavity. The remaining membrane is not
shov/n. c¢f, carapace fold; do, dorsal organ; gc, genital
cells; m, mesoderm; me, caecum of mesenteron; od, oil

droplet; pr, proctodaecum; st, stcsnodacum; y, yolk.
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Figure 26. Sagittal section through an embryo at the same
stage as Fig, 25 showing the formation of a

central cavity in the mesenteron (me), y, yolk.



Figure 27, Transverse section through an embryo at the same

stage as Fig. 25 to show the mesenteron (me).
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cell layer, where the ventral nerve cord is beginning to
form (Fig. 28). With the development of a central cavitythe
furrows at the junctions of the stomodacum and proctodacum with
the mesenteron become conspicuous (Fig. 29). The stomodaeum (st)
is surrounded by a layer of mesodermal cells which will later form
the stomodaeal muscles (m, mu) and the proctodaeum is covered by
an even thicker layer of mesodermal cells. The mesoderm
surrounds the mesenteron laterally but not on its inner surface
(Fig. 50).

With the further absorption of yolk, the mesenteron becomes
further developed (Fig. 51). The mesodermal cells surround the
mesenteron and its caeca (Fig. 52).

The mesenteron begins to approach the dorsal surface (Fig.55;
Plate 8). The cells of the mesenteron begin to acquire the
characteristics of these cells in the adult (Pig. 54,me). The
outer part of each cell stains more intensely than the inner part
and contains the nucleus. The cell contents are granular. The
inner rods (r) and the peritrophic membrane (Fig. 56,ptm) develop
as the mesenteron moves into a more dorsal position (Fig. 55;

Pig. 56). This change in position results in the formerly
slightly depressed middle region of the mesenteron becoming
straighter (Fig. 55), and in the further development of the
posterior flexure. The latter is also contributed to by the
development of the abdomen.

Shortly before expulsion from the brood pouch of the
mother (Fig. 55), the mesenteron is in a position similar to that

of the adult except that it is still separated from the dorsal
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Figure 28, Dlagramnatlc reconstruction of the embryo of
Dsuhnls mofoia at the stage when the cavity is formed
throughout most of the length of the mesenteron(me).
cf, carapace fold; do, dorsal organ; go, genital cells;
he, heart rudiment; m, mesoderm; me, caecum of
mesenteron; pr, proctodaeum; st, stomodaeum; yc, yolk

cells.
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Figure 29, Vertical longitudinal section through an embryo
at the same stage as Fig, 28 showing the junction
of the stomodaecum (st) with the mesenteron (me) and

the surrounding muscles (mu), m, mesoderm.



Figure 50, Transverse section through an embryo at the same
stage as Fig. 28 showing the mesenteron (me) and

its cavity, m, mesoderm; n, nerve cells.



Figure 51. Diagrammatic reconstruction of the embryo of Daohnia
macna at the stage when the mesenteron (me) has a
cavity throughout its length and the maxillary gland
is beginning to develop, cf, carapace fold; do, dorsal
organ; gc, genital cells; m, mesoderm; me, caecum of
mesenteron; mu, muscle; mxl, rudiment of maxillary
gland loops; mxs, rudiment of maxillary gland sac;
od, oil droplet; pr, proctodaeum; st, stomodaeum;

yc¢, yolk cell.



Figure 52. Horizontal longitudinal section through an embryo
at the same stage as Pig. 51 showing the stomodaeum(st)

and mesenteron (me), yc, yoUc cell.



Figure S3. Diagrammatic reconstruction of the embryo of Danhnia
masna at the stage when the mesenteron cavity has
grov/n in size and the heart rudiment (he) is clearly
distinguishable. The carapace folds (cf) are well
developed, b, brain; do, dorsal organ; e, compound eye;
1, labrum; me, caecum of mesenteron; me, mesenteron;

nc, nerve cord; pr, proctodacum; st, stomodaeum;

ye, yolk cell.
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Plate 8. Photomicrograph of a transverse section through an

embryo at the same stage as Pig.33,posterior to the
heart,showing the mesenteron(me) and the small dorsal
cavity (dcav). a.2,second antenna; cf,carapace fold;

mxl , maxillary gland loop; mu,muscle; nc,nerve cord;

t,thoracic appendage; y,yolk.



Figure 54. Transverse section through an embryo at the same
stage as Fig, 55 showing the mesenteron (me),

mn, muscle; nc, nerve cord; r, inner rods.
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Figure 55. DlagrEwmatic reconstruction of the first instar
Daphnia magna showing the fully developed alimentary
canal, h, brain; cf, carapace fold; cs, caudal spine;
do, dorsal organ; e, compound eye; he, heart;

1, labrum; me, caecum of mesenteron; me, mesenteron;

00, ocellus; pr, proctodacum; st, stomodaeum.
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Figure 56, Transverse section through an embryo at the same stage
as Fig, 55 showing the mesenteron (me), cf, carapace
fold; dmu, dorsal longitudinal muscle; ds, dorsal
septum; gc, genital cells; mu, muscle; nc, nerve cord;
olmu, oblique lateral muscle; ptm, peritrophic

membrane; r, inner rods.
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surface of the embryo by a considerable quantity of yolk.  The
central cavity is open throughout and of the same width as that

in the adult. The inner columnar cells are surrounded by muscle
layers, and the muscles of the stomodaeum and proctodaeum are

well developed. The alimentary canal is nearly always empty ]

when the animal is in the brood pouch.

The amount of yolk present when the animal is expelled from
the brood pouch of the mother as a first instar young is variable.
Usually the yolk has disappeared by the end of the first instar
and the mesenteron assumed its normal position in the body (Pig,37)<

The most conspicuous difference between the early instar

young and the adult animal is the smaller size of the caeca

(see p.110),
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Figure 37. Diagrammatic reconstruction of the fifth instar
Daptmia mama showing the final position of the -
mesenteron (me) close to the dorsal surface of the
animal, hr, brood pouch; cf, carapace fold; cs, caudal
spine; e, compound eye; he, heart; me, caecum of

mesenteron; pr, proctodacum; st, stomodaeum.
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d. The yolk cells.

At the beginning of gastrulation (Pig. 9), all the cells of
the blastoderm contain granules of yolk within vacuoles in the
part of their cytoplasm next to the interior of the egg (Fig. 38).
As gastrulation proceeds, the cells immigrating into the interior
of the egg, with the exception of the genital cells, all contain
yolk. The yolk within the cells has a different staining
reaction from the granules remaining in the central mass and is
apparently in the process of absorption.

Soon after the beginning of gastrulation, a number of cells
appear in the peripheral part of the central yolk mass (Fig, 39),
They arise by division of the cells surrounding the yolk, the
outer cell layer (ec) and the inner cell mass. The cells engulf
granules of yolk, so that each yolk cell (Fig. 40,(a) and (b),yc)
consists of a large inner area of yolk surrounded by an extremely
thin peripheral layer of cytoplasm, swollen in one area where the
nucleus is present. The nucleus is small with scattered chromatin
granules.  The cytoplasm of the cell is not at first markedly
granular.

The early yolk cells are arranged at moderately regular
intervals in the periphery of the yolk (Pig, 41,yc), the
remainder of the yolk being unchanged. In sections of the egg,
especially those that have been stained with Mallory's Triple
Stain, the yolk cells are conspicuous because of a different
staining reaction from the remainder of the yolk. With Mallory's,,;
Triple Stain the yolk within the yolk cells stains blue, while

the remainder of the yolk stains orange. With Heidenhain's Iron
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Figure 58. Transverse section tlirough an egg at the same stage
as Fig, 15 showing yolk globules (y) enclosed within

the inner ends of the ectodermal cells (ec).
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Figure 59, Transverse section through an egg at the same stage
as Fig, 15 showing the formation of the yolk cells(yc)

from the cells (ec) surrounding the yolk.
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Figiire 40. (a) and (b). Sections through an egg at the same

stage as Pig. 41 showing early stages in the formation

of yolk cells (yc). ec, ectoderm.
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Figure 41, Transverse section through an egg at a stage between
Fig. 15 and Pig. 19, when the second antenna has
become two-branched, showing the formation of yolk

cells (yc) from ectoderm cells surrounding the yolk.
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haematoxylin, the yolk within the yolk cells shows much less
affinity for the stain than the rest of the yolk, staining a pale
brown instead of dark blue. The yolk contained inside the yolk
cells also becomes granular in patches (Pig. 42,(a),yc) and the
staining reaction becomes uneven indicating a breakdown and
absorption of yolk.

The formation of yolk cells around the periphery of the yolk
mass continues throughout the process of gastrulation and is still
taking place when the endodermal cells hive become distinguishable
in the inner cell mass, when the egg is about one day old (Pig,13;
Fig. 42,(a),yc). The yolk cells arise from the cells all around
the central yolk mass and not from one particular area.

The yolk cells begin to extend inwards to the centre of the
egg. They are most abundant in a pair of irregular bands on
either side of the egg situated near to the lateral edges of the
mesoderm (Pig. 15,yc). The yolk cells vary in size and in the
state of the yolk contents (Pig. 42(a). In some of them the
peripheral cytoplasm is beginning to increase in amount and to
become granular. The nuclei show a redistribution of chromatin
and the nucleolus becomes large and stains intensely. The nuclei
themselves increase in size. In the regions in which the yolk
cells are most numerous they are surrounded by small intensely
staining yolk granules.

At a slightly later stage (Pig, 19), yolk cells are present
around most of the periphery of the yolk while a number of cells
occur scattered through the central yolk mass. Several cyto-

plasmic strands extend between the granules of the central mass



Figure 42. (a) and (b). Sections through an egg at a stage
between Fig. 41 and Fig. 19 showing yolk cells (yc)

in various stages of fomation, and cytoplasmic

syncytium extending between the yolk granules.
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of yolk to form a syncytium. They are In contact with the yolk
cells but are not themselves in the form of cells. The yolk
within the yolk cells has become granulated and with an uneven
staining reaction. It also shows, in sections, a number of
small round spaces or vacuoles which are probably due to change
in the composition of part of the yolk to a substance soluble in
xylene. The outer part of the yolk stains less intensely than
the inner area which is principally composed of small, intensely
staining granules.

Shortly after the bursting of the outer egg membrane (Pig.22),
the outer area of the yolk mass consists of large cells with
large yolk granules with little affinity for haematoxylin (Pig.44).
The inner area has a number of similar cells, together with
smaller apparently unaltered yolk granules.

The cytoplasmic syncytium becomes more conspicuous (Fig.42,
(b)), extending through the yolk and connecting the inner yolk
cells. This syncytiiM was not apparent at the beginning of
gastrulation. Therefore it vrauld seem that it is not the
remnant of the cytoplasmic strands along which the central
blastomeres migrated to the periphery at an early stage to form
the biastula.

When the embryo is just over three days old, the alimentary
Canal being open throughout its length (Pig.43), the remaining
mass of yolk shows various stages of absorption (Pig,44; Pig.45).
The innermost yolk granules remain unchanged. These occur
immediately dorsal and lateral to the mesenteron and dorsal to

the bases of the thoracic appendages (Pig.45). The outermost



Figure 43. Diagrammatic reconstruction of an embryo of Dauhnia
matrma at the stage when the mesenteron (me) has a well
developed central cavity but is still close to the
ventral surface of the animal and when most stages in
the formation of yolk cells (yc) are present,

a.l, antennule; b, brain; cf, carapace fold; cs, caudal
spine; e, compound eye; he, heart; 1, labrum; me, caecum
of mesenteron; nc, nerve cord; pr, proctodaecum;

st, stomodaeum.



Figure 44. Sagittal section through an embryo at the same
stage as Pig. 43 showing yolk globules (y) being

broken down, cf, carapace fold; ds, dorsal septum;

yc¢, yolk cell.



Figure 45. Sagittal section through an embiyo at the same
stage as Fig. 45 showing yolk cells (yc¢) and
yolk (y) being broken down, cf, carapace fold;

mu, muscle.
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of these granules are partly themselves made up of small
granules. Surrounding this area of yolk granules and merging
into it is an area of yolk cells, with yolk granules in various
stages of absorption within an outer layer of cytoplasm containing
a nucleus (Pig.44; Fig.45,yc¢). These occur immediately dorsal
to the ventral septum and in the lateral part of the body ventral
to the gonad. They are also found in the bases of the thoracic
limbs and near the base of the second antennae. Surrounding the
area of yolk cells, forming the most peripheral part of the
original yolk mass, is an area filled with a substance showing
little affinity for haematoxylin, and containing numerous
vacuoles. This substance occurs dorsally in and around the
heart and in most of the dorsal part of the body. It fills the
carapace folds and is present in the anterior region of the head.
It surrounds the maxillary glands and fills the base of the
second antennae. It is also present in the thoracic appendages
and in the paired ventral cavities. It occurs in the abdomen
and in the posterior part of the body. The staining reaction
of this substance is similar to that of the contents of some of
the yolk cells, and the substance appears to be an advanced
stage in the breakdown of the yolk.

In the first instar animal, recently expelled from the
brood pouch of its mother (Fig.46), there remain only a few
unaltered yolk granules in the region ventral to the heart. The
rest of the body contains cells in various stages of transition
from yolk cells to fat cells, including a number of fully formed
fat cells (Figs. 47-50). Surrounding the unaltered yolk



PigTire 46. Diagram of a first instar Daphnia magna to show the
position in the body of different stages in the
formation of yolk cells (yc) and their transition to
fat cells (fc). b, brain; cf, carapace fold;
c¢s, caudal spine; do, dorsal organ; e, eye, he, heart;
1, labrum; me, caecum of mesenteron; me, mesenteron;

oc, ocellus.
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Figure 47. Vertical longitudinal section through the maxillary
region of a first instar Daphnia maana at the same
stage as Pig. 46 showing fat cells containing either

altered or unaltered yolk (y). nu, nucleus.
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Figure 48. Vertical longitudinal section through a first
instar Daphnia magna at the same stage as Fig. 46
showing fat cells each with granular cytoplasm and

central vacuole (vac), nu, nucleus.
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Figure 49. Vertical longitudinal section through a first
instar Daphnia magna at the same stage as Fig, 46

showing fat cells (fc) fully formed or still with
disintegrating yolk (y). gc, genital cells;

mu, muscle.



figure 50, Vertical longitudinal section through a first instar
Danhnia matma at the same stage as Fig. 46 showing

fat cells (fc) containing vacuoles (vac) and lying

close to one of the ventral longitudinal muscles (mu).
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granules are a number of yolk cells with a thin outer layer of
cytoplasm, some of them contained within a syncytium of
cytoplasm (Fig,47; Pig.48). This syncytium is a meshwork of
finely granular cytoplasm containing large vacuoles. It contains
also a number of cells which contain a globule of disintegrating
yolk and a large vacuole. There is a small amount of the
vacuolated substance which shows little affinity for haematoxylin
present in parts of the syncytium. The syncytium occurs
principally in the lateral area of the body. Posteriorly and
ventral to the gonad are a number of fully developed fat cells
(Fig.49). These contain a large nucleus with a large, rod-
shaped nucleolus. The cytoplasm is granular and there is a
large vacuole. In the first instar animal they are present in
the thoracic appendages and in the region of the posterior
flexure of the mesenteron.

The yolk cells thus give rise directly to the fat cells,
by an increase in the area of peripheral cytoplasm, a breakdown
of the yolk contents and the formation of a vacuole in the
cytoplasm.  The nucleus also changes, becoming larger and

developing a large central nucleolus (see p. 162),
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e. The oarly ileTftiQTMent of the mesodem.

At the end of gastrulation the inner mass of cells is not
distinguishable into endoderm and mesoderm (Pig,11; Pig,12,men).
Gradually a mid-ventral strand of cells is differentiated from
the endomesodermal mass (Pig.15). These are the endodermal
cells (en) and form the mesenteron. The remaining cells, lateral,
anterior and also posterior to the mid-ventral strand are the
mesoderm (m). They extend anteriorly to the ”Scheitel™plate,
but posteriorly only just pastthe endoderm. The mesoderm for
most of its length extends over one-quarter of the circumference
of the egg in either direction from the mid-ventral line. The
mesodermal cells are small, irregular, granular cells with small
nuclei containing scattered chromatin granules (Pig,14,m).

The lateral part of the mesoderm begins to extend dorsalwards,
especially in the region immediately posterior to the "Scheitel"-
plate.  Mesodermal cells are present in the antennal fold (Fig.15).

At about the time of the bursting of the outer egg membrane
(Pig,19), the greater part of the egg is still filled with yolk.
Anteriorly the mesoderm (m) is thickened and fills most of the
head between the '"Scheitel'-plate (Sch) and the second antennae
(a.2). In the ventral part of the egg, the mesoderm is several
layers thick on either side of the alimentary canal (en). For
most of its lateral extension the mesoderm (m) is only one cell
thick but posteriorly is thickened slightly. Each second antenna
(a,2) has divided into two, and these pairs of branches, together
with the pair of developing mandibles (md), are filled with
mesodermal cells (m).
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Posterior to the region of the second antenna and mandible,
in the dorsal limit of the mesoderm, a single pair of tiny
cavities or splits is usually present (Fig.51), [Each cavity is
surrounded by a single layer of mesodermal cells. This pair of
cavities is the only indication of dorsal coelomic sacs. No
well-defined ventral cavities are present at this stage. The
only slits in the ventral region are between mesoderm and genital
cells and do not resemble cavities formed in a single mass of
cells. It should be noted that the dorsal edges of the mesoderm
are separated from the endoderm, which is still lying against the
ventral surface, and from the mid-dorsal surface by a considerable
quantity of yolk. This is the most striking difference from the
situation in Estheria or Chirocenhalus.

At a slightly later stage, about 40 hours old, (Pig.22;
Fig,52; Pig.53), the mesoderm fills the second antennae and
mandibles and also the developing rudiments of the thoracic

appendages.  The carapace folds (cf) have begun to develop and

— o

contain a number of mesodeimial cells. Anteriorly the mesoderm (m),

is slightly thicker in a band immediately posterior to the midgut
caeca (me). The mesoderm in the head region is beginning to
show a certain amount of differentiation,

As the embryo develops and begins to grow longer (Pig,54),
ihe posterior part of the mesoderm extends over the dorsal surface
of the yolk as a single layer of cells (m). In approximately
the area of the second antennae, the lateral mesoderm is about
four or five layers thiclq and forms a broad band projecting

inwards (Pig,55), In front of this area (Pig,56) the mesodermal

J

'
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Figure 51, Transverse section through an egg at the samestage
as Fig, 19 showing the dorsal extentof the
mesoderm (m) laterally, with an indication of a small
split in the most dorsal part of the mesoderm on one
side. The genital cells (gc)lie adjacent tothe

ventral mesodem cells (m), me, mesenteron; y, yolk.
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Figure 52. Transverse section through an egg at the same stage
as Fig, 22 towards the posterior end, showing the
dorsal extent of the mesoderm (m) laterally and also
the mesoderm surrounding the mesenteron (me); the
beginning of a carapace fold (cf) and an indication of
the beginning of the formation of the ventral nerve

cord (nc).
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Figure 55. Transverse section through an egg at the same stage
as Fig. 28, anterior to Pig. 52, showing the dorsal
extent of the mesoderm (ra) laterally and the paired

genital rudiments (gc). do, dorsal organ;

me, mesenteron.



Figure 54, Diagrammatic reconstruction of an embryo of Dnnhni«
magna at the stage when the mesenteron (me) has not
yet developed a central cavity but the mesoderm (m)
has extended over a large proportion of the dorsal
surface of the yolk (y). cf, carapace fold; do, dorsal
organ; gc, genital cells; me, caecum of mesenteron;

pr, proctodaecum; st, stomodaeum; yc, yolk cell.
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Figure 65. Vertical longitudinal section close to the midline
through an embryo at the same stage as Fig, 54 showing
the lateral part of the dorsal organ (do) and the

dorsal mesoderm (m) posterior to it in the maxillary

region, cf, carapace fold.



b0 «(BL

Plgne 56. Transverse section through an embryo at the same

stage as Fig. 54, posterior to the dorsal organ,

showing the lateral mesodermal thickening (m) in

the maxillary region.
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layer (m) is thinner, especially on either side of the dorsal
organ (do).

When the embryo is about two days old or slightly older
(Fig.25), the dorsal edge of the mesoderm has thickened slightly
(Fig.58). The mesoderm (m) has extended further anteriorly
along the dorsal surface but it does not yet completely cover the
yolk dorsally (Fig.57).

At a slightly later stage (Pig.28), the dorsal mesoderm
becomes continuous, although the cells in the future heart region
are larger than the other mesodermal cells (Fig.59-62,he). In
the same region but ventral to these cells, the maxillary gland
is represented by a compact mass of mesodermal cells in each
carapace fold (Fig.65-67). The cells are large and spherical,
with a more intense staining reaction than the other mesodermal
cells and are the rudiment of the loops of the maxillary gland.
There is also a small, poorly-developed rectangular end-sac (Fig.6&"
mxs). A few smaller cells are scattered through the more
posterior part of the carapace folds. A number of small
mesoderm cells are present in the palely-staining brokendown yolk
in the dorsal part of the body (Pig.60,m). These are possibly
blood cells. The embryo has now reached the stage when the
alimentary canal has just acquired a central cavity. The
mesoderm is thickened in the maxillary region and posteriorly
(Pig, 68 ,m).

When the embryo is about halfway through its development,
that is about 50 hours old (Fig,69), the mesoderm is still absent

from the posterior dorso-lateral regions of the body, where it
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Figure 57. Transverse section through an embryo at the same
stage as Fig. 25 in the region of the genital
rudiments (gc) showing the dorsal extent of the

mesoderm (m) laterally, a.2» second antenna,

me, mesenteron.
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Figure 58. Transverse section through an embryo at the same
stage as Pig. 25 in the region posterior to the
genital rudiments showing the mesoderm (m) completely
covering the yolk dorsally and thickened ventro-

laterally. ec, ectoderm; me, mesenteron.
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Figure 59, Vertical longitudinal section through an embryo at
the same stage as Fig. 28 close to the midline,

showing a thickening of the mesodeim (m) in the

region subsequently occupied by the heart (he), y, yolk,
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Figure 60. Sagittal section through an embryo at the same stage
as Pig. 28 showing the rudiment of the heart (he)

composed of a mass of mesoderm cells in which a cavity

is beginning to form, cf, carapace fold; m, mesoderm.
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Figure 61. Transverse section through an embryo at the same
stage as Fig. 28 in the region posterior to the dorsal
organ showing the rudiment of the heart (he) as a
thickening of mesoderm in which a cavity is beginning

to develop, y, yolk.
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Figure 62, Transverse section through an embryo at the same
stage as Fig, 28 immediately posterior to the section
shown in Pig. 61 showing the rudiment of the heart (he)
as a thickening of mesoderm cells without a cavity,

y, Yyolk.



Figure 65» Transverse section through an embiyo at the same
stage as Fig, 28, in the region posterior to the
section shown in Fig, 62, showing the carapace fold(cf)
filled with a compact mass of cells and the beginning
of the cavity of the maxillary gland sac (mxs)

adjacent to it, m, mesoderm.
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Figtire 64. Horizontal longitudinal section through an embryo at
the same stage as Fig, 51 showing the mass of mesoderm
cells within the carapace fold (mxl) arranged as the
loops of the maxillary gland without cavities,

cf, carapace fold; ra, mesoderm.



Figure 65» Horizontal longitudinal section through an embryo at
the same stage as Pig, 51, in the region of the genital
rudiments and dorsal to Pig, 64, showing the mesoderm
cells (m) within the carapace fold not markedly
arranged into loops and with the carapace cavity (cav)

forming posterior to the maxillary gland rudiment.

cf, carapace fold; gc, genital cells; y, yolk.
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Figure 66, Horizontal longitudinal section throui*h an embryo at
the same stage as Fig, 51, ventral to the section shoum
in Fig, 65, showing one of the carapace folds (cf)
enclosing mesoderm cells (m) four of which are
distinctly arranged in a ring forming a section of one
of the loops of the maxillary gland (mxl) which has
not yet acquired a lumen, cav, cavity of carapace fold;

gc, genital cells; yc, yolk cell.
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Figure 67. Horizontal longitudinal section through an embryo
at the same stage as Pig. 51, ventral to the section
shown in Pig. 66, showing the maxillary gland
loops (mxl) forming, cav, cavity of carapace fold;

cf, carapace fold; m, mesoderm.
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Figure 68, Horizontal longitudinal section through an embryo

at the same stage as Fig. 51 showing the dorso-lateral
mesodermal thickenings (m) posteriorly and in the

maxillary region, y, yolk.



Figure 69, Diagrammatic reconstruction of an embryo of Danhnla
mafoaa at the stage when the mesenteron (me) has
developed a narrow central cavity and the maxillary
gland rudiment (mxl, mxs) is distinct, cf, carapace
fold; do, dorsal organ; gc, genital cells, he, heart;
m, mesoderm; me, caecum of mesenteron; pr, proctodaeum;

st, stomodaeum; yc, yolk cell.
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does not surround the yolk (Fig,70), The thickened band of

mesodermal cells in the region of the second antennae and the
maxillary region has become broader and the antennal muscles are
beginning to become distinguishable. These are the first muscles
to develop, just as the antennae are the first of the appendages
to develop. The early development of the antenna and its
muscles is correlated with the importance of this- appendage as a
swimming organ. The mid-dorsal mesoderm is thickened internally
in a region which corresponds to that of the maxillary gland
(Pig,71; Fig,72), The lateral mesoderm is also beginning to
extend inwards dorsal to the region of the alimentary canal.
The muscles of the thoracic appendages are beginning to develop,
with the consequent formation of small irregular cavities
between the mesodermal cells in the bases of the appendages.
The external form of the thoracic appendages is moderately well-
developed, Two pairs of maxillae are present, the first pair
being lateral to the second, very small and soon degenerating.
The pair of first antennae are recognisable. The abdominal
bristles are distinguishable and the group of cells at their
bases well-developed. The distal labral glands are present in
the form of large cells with cytoplasm which stains intensely and
with large nuclei. The nervous system is divisible into
cellular and fibrous components.  There is still a considerable
ampunt of yolk present, including a large number of granules in.
the dorsal part of the head,

A few hours later (54 hours old) (Fig,73) the heart (he) is

Represented by a compact cellular area similar in shape to the
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Figure 70. Transverse section through an embryo at the same stage
as Fig. 69 in the region of the genital rudiments (gc)
and the posterior part of the maxillary region showing
the distribution of the mesoderm (m) including the
maxillary gland loops (mxl). c¢f, carapace fold;

me, mesenteron.
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Figure 71, Vertical longitudinal section through an embryo at
the same stage as Fig, 69 close to the midline showing
tlie thickening of the mesodem (m) dorsally in the
maxillary region, cf, carapace fold; 1, labrum,

me, mesenteron.



Figure 72, Horizontal longitudinal section through an embryo at
the same stage as Fig, 69 showing the thickening of
the mesoderm (m) on either side in the maxillary
region and in the head, a,2, second antenna;

cf, carapace fold; me, mesenteron; st, stomodaeum.



Vig. 102

veo-v Via. Fya
8 T«awd,7?

figure 73« Diagrammatic reconstruction of an embryo of Daphnia
maPina at the stage when the mesenteron (me) has a
narrow continuous cavity and the maxillary gland (mxl,
mxs) and hoart (he) rudiments are distinct as well as
the beginning of the paired ventral cavities (vcav),
cf, carapace fold; do, dorsal organ; go, genital cells;
he, heart; 1, labrum; Igl, labral glands; m, mesoderm;

pr, proctodaecum; st, stomodaeum; yc, yolk cell.
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later form of the heart (Pig.75; Fig.76; Pig.84; Pig.86). The

inner cells'of this area are large and loosely arranged and

appear to be in the process of breaking down. The cells

posterior to the heart region are also beginning to collapse.

Anterior to the heart, the muscles of the second antennae and of

the mandibles are recognisable. %e end sac of the maxillary

gland has a well-developed cavity (Pig.75; Fig,80,mxs), but the

loops of the gland do not possess cavities (Pig.76; Pig.79; Plg.88,

mxl). The loops are distinctly recognisable and the number of

coils has increased. The adductor muscles of the carapace are

recognisable in the vicinity of the maxillary gland loops.

The heart continues to collapse internally. There is no

dorsal mesoderm posterior to the developing heart (Pig,81; Fig,85;

Pig.85). Anteriorly the heart thickening reaches to the dorsal

organ (Pig,84), The mesoderm is thickened at its dorso-lateral

edge and also internal to the loops of the maxillary gland (Pig.79).

It Is absent in the posterior dorso-lateral region.  There is

awide band of mesodermal cells, several layers in thickness, in

the region of the junction of the head with the body (Pig.87).
The loops of the maxillary gland still have no cavities but the

coils.of the loops are fully developed (Pig.76,mxl). The paired

ventral cavities, through which the circulatory fluid will pass,

have begun to appear as splits between the mesoderm and the

ectoderm (Pig.77; Pig,78, v.cav). The ventral cavities are

only indicated in the anterior region of the body. The ventral

septum is present as a layer of spherical cells. Each carapace

told is attached to the body by a compact region of cells (Pig.75)



Figure 74, Transverse section through an embryo at the same
stage as Pig, 75 near to the anterior end showing the
brain (b) and the ocellus (oc) close to each other
and to the ectoderm (eql me, caecum of the mesenteron;

me, mesenteron.
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Transverse section through an embryo at the same stage
as Pig. 73, posterior to the section shown in Fig.74,
showing the maxillary gland end sac (mxs) developing
a central cavity and with surrounding mesoderm

cells (m); also the anterior end of the dorsal meso-

dermal rudiment of the heart (he), cav, cavity of the

carapace fold; cf, carapace fold.
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Transverse section through an embryo at the same
stage as Fig.75,' immediately posterior to Pig.75,
showing the loops of the maxillary gland (mxl) and
the compact cells of the heart rudiment (he),

cf, carapace fold.
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T'igure 77. Transverse section through an embryo at the same stage
as Pig, 75 shOATing the beginnings of the paired ventral
cavities (vcav) between the mesenteron (me) and the
ventral ectoderm (ec) in the same section as Pig.76,

cf, carapace fold; 1, labrum; rad, mandible;

mu, muscle; nc, nerve cord.
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Figure 78. Transverse section through an embryo at the same
stage as Fig,75, slightly posterior to the section
shown in Figs. 76 and 77, showing the ventral cavities
(vcav) less well developed and also one of the second
maxillae (mx.2). md, mandible; me, mesenteron;

mx, first maxilla; nc, nerve cord.
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Figure 79, The lateral part of the same section as shown in
Fig,78 showing the cells of the maxillary gland
loops (mxl) in the carapace fold (cf). gc, genital
cells; mx, first maxilla; mx.2, second maxilla;

mu, muscle.
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Figure 80, Transverse section through an embryo at the same
stage as Pig,75, immediately posterior to the section
shown in Figs,. 78 and 79, showing the maxillary gland

end sac (mxs) and loops (mxl). cf, carapace fold.
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Figure 81. Transverse section through an embryo at the same
stage as Pig.73 showing the small median dorsal
thickening of the mesoderm (m) in the region posterior

to the heart, cf, carapace fold.
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and for most of its extent is filled with the palely-staining
fluid which is probably a breakdown product of the yolk. There
are also a number of small mesoderm cells in this fluid, and
these are probably blood cells. The head still possesses a
considerable quantity of yolk in its dorsal region. In the
ventral part of the head (Pig.74), the nervous system is vrell
developed and the large and well developed ocellus (oc) is
directly applied to the brain (b). The post-oesophageal
commissure contains a central group of cells with little affinity
for stains. The paired nerve ganglia and their commissures are
well developed (Fig.82). The first antennae (Pig.86, a.l) are
filled with mesodermal cells and are close to the brain. The
distal labral glands (Pig.86, dlgl) are seen as four enlarged,
intensely-staining cells within the labnun; the proximal labral
glands (plgl) as two rows of very large ectodermal cells. There
are still two pairs of maxillae.

A few hours later (Figs. 89-94), when the thoracic
appendages are v;ell developed (Pig.89, t) but the mesenteron is
still in the ventral part of the body (me), the heart (he) has a
well developed central cavity and the pericardium (pe) is present,
'Fhis has developed by the separation of mesodermal cells in the
dorsal part of the body surrounding the heart from the
surrounding cells and the ectoderm. The ventral septum is
present as a thin strand of elongated cells which are thinner
posteriorly.  The heart (Fig.90; Fig.94, he) contains a number

small cells (co), which are densely granular, and are

surrounded by a finely granular, vacuolated substance with little
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Figttre 82. Transverse section through an embryo at the same
stage as Fig, 73 showing the paired ventral nerve
ganglia (nc) connected by a transverse commissure;
the absence of ventral cavities; and the mesenteron(me)

still close to the ventral surface of the embryo.
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Figure 83. Transverse section through an embryo at the same
stage as Fig,73, in the region posterior to that
shown in Fig, 81, showing the small lateral mesodermal
thickenings (m) not meeting in the dorsal midline,

cf, carapace fold.
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Figure 84, Sagittal section through an embryo at the same stage
as Fig,73 showing the rudiment of the heart (he)
formed of a compact mass of cells, those in the centre
staining with less intensity. The dorsal organ (do)

is situated anterior to the heart rudiment.
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Figure 85, Vertical longitudinal section through an embryo at
the same stage as Fig,75, immediately lateral to that
shown in Fig,84, showing the heart rudiment (he) with
the central cells beginning to break down, and the
dorsal organ (do) anterior to the heart with a row of

cells (m) connecting the dorsal organ with the

mesenteron (me).



Figure 86. Vertical longitudinal section through the anterior
ventral part of an embryo at the same stage as Pig.75
showing the antennule (a.l1) and labrum (1) with the
proximal (plgl) and distal (dlgl) labral glands

already well formed, st, stomodaeum.



Figure 87. Vertical longitudinal section through the maxillary
region of an embryo at the same stage as Fig.73. The
section is lateral to that shown in Pig.86 and shows
the dorso-lateral mesodermal thickening (m) in this

region, ec, ectoderm.



Figure 88. Lateral vertical longitudinal section through an
embryo at the same stage as Fig,75 showing the coils
of the maxillary gland loops (mxl). a.2, second

antenna; cf, carapace fold.



Figure 89, Transverse section through an embryo at a stage of
development between that of Pig.75 and that of Fig.55
showing the heart (he) with well developed cavity and
pericardium (pe); the end sac of the maxillary gland
(mxs) and parts of the maxillary gland loops (mxl).

The nerve ganglia (nc) are clearly distinguishable but

the mesenteron (me) is still moderately close to the
ventral surface of the embryo. A ventral cavity is

seen on one side of the embryo, a.2, second antenna;
cf, carapace fold; m, mesoderm; t, thoracic appendage.
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Figure 90, Detail of tlie transverse section Fig,89 shov/ing the
walls of the heart (he) and pericardium (pe) and the
small densely granular cells (co) and finely

granular substance within the heart.



Figure 91, Detail of transverse section Fig.89 showing the
end sac of the maxillary gland (mxs) with a wall
of lightly staining, loosely arranged cells,

m, mesoderm.



figure 92.
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"Transverse section through an embiyo at the same
stage as Fig,89. This section is posterior to the
heart and shows the thin layer of mesoderm (m)
surrounding the yolk with the beginning of the dorsal

longitudinal muscle (dmu).



figure 93, Detail of transverse section Fig,92 showing the
beginning of the dorsal longitudinal muscle (dmu)

and the well developed carapace fold (cf).
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figure 94. Sagittal section through an embryo at the same

stage as Fig.89 showing the well developed heart(he)
filled with a vacuolated lightly staining substance,

cf, carapace fold; do, dorsal organ.
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affinity for stain. The loops of the maxillary gland have
developed cavities (Pig,89, mxl). The gland (Fig,91) is well
developed and is situated at some distance lateral to the heart.
The dorsal longitudinal muscle is distinguishable (Pig.92; Fig.93,
dmu), having developed from-the mesodermal cells covering the
yollc dorsally. The brood pouch has not yet developed.

The heart begins to beat when the embryo is approximately
65 to 70 hours old (Fig.55; Fig.95, Plate 9; he) and the blood,
containing small blood cells (co), circulates through the spaces
between the septa. The maxillary gland is by now fully
developed as are most of the muscles. The distal, and also the

proximal, labral glands are well developed.
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PigTlire 95, Sagittal section tlirongh an embryo at the same stage
as Fig.53 showing the well developed heart (he)

containing a few small granular cells (co) wMch are

probably blood corpuscles, cf, carapace fold; y, yolk.
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Plate 9» Photomicrograph of a transverse section through an
embryo at the Scune stage as Pig.35 showing the heart (he)
the maxillary gland end sac(mxs),the maxillary gland
loops with cavities(mxl) and the mesenteron (me).
a.2,second antenna; brs  branchial sac; cf,carapace fold;
1,labrum; mu,muscle; nc,nerve cord; t ,thoracid

appendage; y ,yolk.
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f. The genital colls.

The genital cells become distinguishable during the process
of gastrulation (Fig.11), They are large cells with coarsely
granular cytoplasm and with large nuclei. The genital cells(gc)
are generally found to be the largest cells in the developing
embryo of any animal but in Dauhnia maana they are rivalled,
and sometimes exceeded in size by the cells of the "Scheitel"-
plate (Sch). The nuclei soon acquire characteristic features,
a large spherical nucleolus surrounded by a hyaline area (Pig.49,
gc).

By the end of gastrulation (Pig.11), the genital cells (gc)
lie in the mid-ventral part of the egg towards the future
posterior end. They occur between the mesendodermal mass of
cells (men) and the central yolk (y), forming a group of about
twenty cells (Fig.96, (a)).

The genital cells remain in the same position without
further division of the cells for some, time, while the mesendo-
dermal mass of cells is differentiating into endoderm and mesoderm
and the mesenteron beginning to form (Fig,51, gc; Fig.96, (b)).

At about the time of the bursting of the outer egg membrane,
the mid-ventral group of genital cells divides into two, and the
individual cells divide resulting in an increase in number (Pig.53,
gc; Pig.96, (c¢)). The two groups of cells are found ventro-
laterally at the stage when the compact rod of endodermal cells
is just beginning to develop a central cavity. There are about

twenty to twenty-five cells in each group.

Gradually the two groups of genital cells progress dorsally



Figure 96. A series of diagrams to represent the positions of the

genital cells during the development of Danhnia manna,

(a)

(h)

(d)

(e)

()

(g)

A single group of cells lying against the
raesendoderm in the ventral part of the egg.

A slightly broader group of cells lying against the
mesenteron in the ventral part of the egg.

Paired genital rudiments in the ventro-lateral
part of the egg.

Paired genital rudiments in the dorso-lateral part
of the embryo.

Paired genital rudiments in their final dorso-
lateral position.

Short paired genital rudiments lying immediately
dorsd to the mesenteron.

Elongate paired genital rudiments lying close to
the dorsal half of the mesenteron and also to the

newly developed brood pouch.

(a) to (e) are transverse sections; (f) and (g) are
longitudinal.
ec, ectoderm; gc, genital cells; me, mesenteron;

men, mesendoderm.
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along, the lateral walls of the body, with little increase in the

ntoaber of cells (Pig.70, gc; Fig.96, (d)). The mesodermal cells
are also extending dorsally.

Vihen the embryo is about 60 hours old, the paired genital
rudiments have attained a dorso-lateral position, comparable to
that which they will occupy in the adult animal (Fig.96, (e)).
The mesenteron is moving from a ventral into a more dorsal position
During their progression dorsalwards the genital rudiments are
considerably dorsal to the mesenteron and separated from it by a
large quantity of yolk (Fig.96, (f)). The genital rudiments
attain their final position dorso-laterally and the mesenteron
becomes more dorsal until it lies between them. The genital
rudiments still consist of a pair of groups of undifferentiated
cells, the cells being large with coarsely granular cytoplasm and
with large hyaline nuclei containing a central spherical
nucleolus (Fig.65, gc).

The genital rudiments now increase in length (Fig.96, (g)),
and the boundaries between the individual cells become more
distinct. The increase in size of the genital rudiments occurs
Only in the long axis of the body of the embryo and there is
still no marked differentiation of the cells.

At the time of the release of the young animal from the
brood pouch of the mother, the paired rudiments of the gonads are
olongete narrow cellular bodies, narrower anteriorly and widening
for the greater part of their length to narrow again slightly at

ihe posterior end. @ All the cells are similar, with the
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boundaries between them distinctly marked. There is no

internal cavity, the cells forming a compact mass (see p.111 ).
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g. The dorsal organ.

The dorsal organ of Daohnla forms a slight swelling on the
dorsal part of the head near to the junction of the head with the
body. It arises during the development of the egg and later
degenerates, disappearing soon after the young animal has been
released from the brood pouch of its mother, in the third or
fourth instar. The function of the dorsal organ is doubtful.

The dorsal organ is first recognisable when the egg is about
one day old (Pig.97, do). At this stage the endoderm is
distinguishable from the mesoderm and is partly formed into a
rod, while the second antennae and the mandibles are present.

The dorsal organ is situated immediately posterior to the
"Scheitel"-plate (Fig.19, Sch). It consists of a group of about
ten elongate cells of the outer cell layer, or ectoderm (Fig.97,
do). The cells have moderately large nuclei each of which
contains a small nucleolus and some scattered chromatin granules.
The cytoplasm of the cells is granular but its staining reaction
is similar to that of the cytoplasm of the surrounding cells.

The central cells have the greatest height, the more lateral cells
tending to grade into the adjacent ectoderm cells so that the
boundary of the dorsal organ is difficult to define. The inner
ends of the cells lie against the yolk globules.

Shortly after the bursting of the outer egg membrane (Fig.22),
the dorsal organ is more clearly recognisable as a group of

enlarged cells in the ectoderm (Fig,98; Fig.99, (a) and (b)).

It is now situated antero-dorsally (Plate 10) in a position

Torther from the '"Scheitel"-plate than in the earlier stages.



Oa hrw VVy »

Figure 97. Transverse section through an embryo at the same
stage as Fig.19 showing the dorsal organ (do) of
tall granular cells, y, yolk.



-00

A0 *05T Vwww/

Figure 98, Transverse section through the anterior end of an
embryo at the same stage as Pig, 22 showing the
position of the dorsal organ (do) and the tliin outer
cell layer (ec) enclosing the central yolk (y) lateral
to the dorsal organ, Tlie mesoderm (m) is thickened

ventro-laterally. gc, genital cells; me, mesenteron.
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Figure 99, (a) and (b). Vertical longitudinal sections through
an embryo at the same stage as Pig.22 and Fig.98

showing the dorsal organ (do) of large granular cells

with large nuclei and with adjacent yolk cells (yc).
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Hate 10. Photomicrograph of the sagittal section through an
embryo at the same stage as Pig.22 showing the

dorsal organ (do). m,mesoderm of the head; y”*yolk.
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The cells of the dorsal organ (do) are in height almost double

that of the surrounding ectodermal cells and are also wider than
the latter, Tte cytoplasm of the cells is granular and stains
with a slightly greater intensity than that of the adjacent cells.
The nuclei have become larger and contain large deeply staining
nucleoli which are often rod-shaped. The inner edge of the
dorsal organ is uneven, suggesting a breakdown of the basement
membrane, and is next to globules of yolk among which are a number
of yolk cells (yc). The yolk cells are largeV and usually at
least part of the yolk is granular. Nuclei are visible and

there sometimes appears to be more than one nucleus to a single
yolk cell. The yolk in this region not contained within the

yolk cells stains with the reaction characteristic of yolk in the
process of being broken down, that is with Heidenhain's Iron
haematoxylin it stains pale brown (see p. 57), The yolk cells
are numerous in the neighbourhood of the dorsal organ. The
ectoderm surrounding the dorsal organ is thin so that the

boundary of the dorsal organ easier to define than in earlier
stages.  The dorsal organ is separated from the anterior
thickening of cells in the head by a short row of ectodermal

cells not thickened internally (Plate 10),

Approximately ten to twelve hours later (Pig,54), when the
embryo has elongated and the carapace folds and thoracic
appendages are moderately well developed, the dorsal organ is a
group of cells about seven to eight cells in length (Pig.100,do),

the inner edges of the cells forming an even contour. The dorsal

organ is situated posterior to the anterior thickening in the



Figure 100, Sagittal section through an embryo at the same stage
as Fig,54 showing the dorsal organ (do) formed of a
regular row of tall cells with large nuclei. There

is a thin layer of mesodermal cells (m) posterior to

the dorsal organ, ec, ectoderm.
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head region and it is anterior to the lateral band of thickened
mesoderm found in the maxillary region. The cells are large
with large nuclei containing a number of chromatin bodies.
Internally the dorsal organ is still bounded by yolk.

At a slightly later stage (Pig,25), when the mesoderm
surrounds most of the yolk dorsally, the dorsal organ cells
(Fig, 101, do) show little change except that the outer part of
the cell contains a greater number of granules than the inner
part of the cell. The inner edge of the cells lie against the
yolk which is partly granular.

By the time that the alimentary canal has acquired a small
but continuous central cavity and the maxillary gland is able to
be recognised (Fig,69), the dorsal organ forms a larger swelling
of the ectoderm situated dorsal to the anterior flexure of the
mesenteron. The outer region of the large cells stains
intensely, while the inner region contains the nuclei.

When the embryo is about two and a half days old (Pig,75),
the dorsal organ (do) is still in the same position. Immediately
posterior to the dorsal organ and closely connected to it (Pig,84,
do), the heart (he) is distinguishable. Against the anterior
end of the inner part of the dorsal organ is an area of cytoplasm
with little affinity for stains but through which run a number of
lines of darkly staining granules. This area is surrounded by
mesodermal cells, some of which contain large nuclei. In the
QOuter part of the dorsal organ the cells have parallel sides and
the cytoplasm is granular (Pig, 102, do). The cells project

outwards from the ectoderm forming a swelling. The inner part
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Figure 101. Sagittal section through an embryo at the same
stage as Fig.25 showing the dorsal organ (do)

composed of a row of tall cells, granular in their
outer part and less granular with nuclei in their

inner edges, m, mesoderm.



Figure 102,

'"Transverse section through an embryo at the same
stage as Fig,75 showing the dorsal organ (do)
composed of tall cells with basal nuclei. This

section is not vertical, me, mesenteron; mu, muscle,
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of the dorsal organ is composed of numerous large spherical

nuclei. The nuclei are hyaline with scattered chromatin granules
and are surrounded by a small amoiuit of cytoplasm, which shows

little affinity for stains. The nuclei swell the inner ends of

the cells and the inner contour of the dorsal organ is therefore
uneven. The close proximity of the dorsal organ to the heart at
this stage suggests that there may be some relationship between
the two.

At approximately the time of the shedding of the second
membrane, about 56 hours after the egg was laid into the brood
pouch of the mother, the dorsal organ (Fig.105; Fig.104; do) is
a group of approximately nine cells in width and about twice as
long as wide. The cells are elongate and the sides almost
parallel. There appear to be two rows of nuclei at the inner
ends of the cells. The inner ends of the cells still lie against
yolk, which is often in the form of unaltered globules. The
dorsal organ is situated close to the anterior flexure of the
mesenteron (Plate 11) and is bounded on either side by the
developing muscles of the second antennae and mandibles. A
mmber of small cells (m) occur near to the inner edge of the
dorsal organ among the yolk. These cells are smaller than the
other cells of the body irregularly arranged through the yolk.
The heart at this stage of development has a central cavity and
It also’contains a number of small cells, loose within the
cavity (Pig,89),

Shortly before the emergence from the brood pouch of the

?Other, when the mesenteron has a large central cavity and is
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Figure 105. Transverse section through an embiyo at the same
stage as Figs. 89 to 94 showing the dorsal organ (do)

as a row of tall granular cells with two rows of
nuclei at their inner ends and lying close to the

mesenteron (me), mu, muscle.



Figure 104.

'"Transverse section through an embryo at the same
stage as Fig.105 but in a slightly more posterior
region showing the dorsal organ (do) composed of
large granular cells and with a number of small
irregular cells (m) in the region between the dorsal

organ and the alimentary canal (me), mu, muscle.
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Hate 11. Photomicrograph of a transverse section through an

embryo at the same stage as Fig.105 and Fig.104

showing the dorsal organ(do) close to the mesenteron (me%

mu,muscle; st,stomodaeum; y ,yolk.
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close to the dorsal surface of the animal, the dorsal organ (Fig.

105, do) is still large and forming a swelling and it is situated
immediately dorsal to the anterior flexure of the alimentary

canal (Plate 12). The cells of the dorsal organ are connected

to the cells of this flexure by a fine trabecular meshwork con-
taining a number of small cells. The trabeculae enclose a
faintly staining, finely granular substance similar to that
identified as yolk in the process of being broken down (see p. ).!
The trabeculae meet the inner, more sparsely granular region of

the dorsal organ cells containing the nuclei, the outer region

of each cell being more densely granular.

In the young animal newly expelled from the brood pouch of
its mother, the dorsal organ (Fig.106; Fig.107; do) is slightly
smaller than previously in relation to the size of the remainder
of the animal, but its outer edgeis still raised above the
surface of the head. It forms abroad shield of thickened chitin
on the postero-dorsal surface of the head opposite the anterior
flexure of the mesenteron (me), which is the most dorsal partof
the alimentary canal. Laterally the shield extends to just
dorsal to the level of the mesenteron flexure on either side.

The dorsal organ is now composed of a single outer layer of tall
cells with little affinity for stains, and an inner group of cells
arranged internal to the peripheral of the outer cells. There
are none of the inner group of cells opposite to the central

cells of the outer layer. Most of the inner group of cells show
Httle affinity for stains but some of them stain darkly. They

lie close to the wall of the mesenteron. The wall of the
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T'igure 105. Transverse section through a young animal showing
the dorsal organ (do) composed of a row of large
cells which are densely grauular in the outer part,
more sparsely granular in the inner part of the cell.
The cells of the dorsal organ are connected with
those of the mesenteron (me) by a trabecular mesh
containing a few small cells and enclosing a lightly

staining, finely granular substance, mu, muscle.
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Hate 12. Photomicrograph of a transverse section through an

embryo at the same stage as Fig.35 showing the dorsal

organ (do) connected with the mesenteron (me) by fine

strands, a.2,second antenna; me,caecum of mesenteron;

mu,muscle; nc,nerve cord; y,yolk.
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Figure 106, Diagrsm of the dorsal organ (do) of a first
instar Danhnia mao:na showing the shield of cells

lying close to the mesenteron (me) and an adjacent

large, deeply staining cell. Freehand drawing.



Figure 107, (a) and (b). Trojisverse sections through the dorsal
organ (do) of a first instar Danhnia maena.
(a) the more anterior of the t*o sections, shows the
layer of cuboidal cells and an inner group of
cells lying close to the mesenteron (me),

(b) a slightly posterior section, shows the uneven

nature of the dorsal surface of the mesenteron(me)

adjacent to the dorsal organ,

ptm, peritrophic membrane. Freehand drawing.
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mesenteron Is thickened and the outer edges of the cells uneven

where they lie against the cells of the dorsal organ. 'Phe outer
layer of the dorsal organ is composed of large cuboidal cells the
cytoplasm of which contains small granules. Each cell contains
a large, hyaline nucleus with a small spherical darkly-staining
nucleolus. The inner group of cells are irregularly arranged.
The cytoplasm has a finely granular appearance. There are no
vacuoles. The nuclei usually contain large nucleoli with a
number of granules surrounding it. Some of the cells of this
inner group have a more intense staining reaction and more
distinct nuclei. Anterior to the dorsal organ is a pair of

large spindle-shaped cells (Pig.106) with granular cytoplasm
showing little affinity for stains. Their nuclei are large and
each contains a large and intensely staining nucleolus together
with a peripheral layer of chromatin granules. These cells are
similar in appearance to the lateral frontal organ cells. At
the posterior end of the dorsal organ is the beginning of a
horizontal membrane, the dorsal septum (see p. 153).

In the second instar animal, the dorsal organ (Pig.108, do)
is considerably smaller than in the first instar animal and shows
a stronger affinity for stains. It is composed of a number of
tightly packed spherical bodies each with a small darkly staining
central body. It is possible that these spherical bodies are
the nuclei, the cytoplasm having mostly been absorbed. The cells
are covered externally by a transparent layer of chitin. The
central part of the dorsal organ contains mostly colourless, but

a few darkly staining, areas which tend to be arranged in two



roo

»0 -

Figure 108. Diagram of the dorsal organ (do) of a second instar

Daniinia maRna shov/ing the small cells staining with

varying intensity, me, mesenteron. Freehand drawing.
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layers. Some of the more darkly staining areas contain
recognisahle nuclei. The dorsal organ differs from one second
instar animal to another, and appears to be in slightly different
stages of degeneration. Degeneration probably takes place during
the instar. Mterior to the dorsal organ is a pair of median,
large spindle-shaped cells with granular cytoplasm showing little
affinity for stains. Each contains a large nucleus with a large
darkly staining nucleolus together with a number of chromatin
granules on the periphery of the nucleus. These cells resemble
the lateral frontal organ cells and correspond to those observed
in a similar position in the first instar animal. They lie
parallel to the surface of the integument.

The third instar animal has a greatly reduced dorsal organ
(Pig. 109, do) which is scarcely visible in the living animal.
It is flattened so that its surface lies level with that of the
surrounding integument and it does not stain intensely. The
outline of the dorsal organ is irregular. The palely staining
tissue contains a few small darkly staining granules and one or
two recognisable nuclei - round hyaline areas with central
nucleolus. The cells of the dorsal organ are compressed between
the anterior flexure of the mesenteron and the outer integument,
The two spindle-shaped cells are still present,
, 'The dorsal organ of the fourth instar animal (Fig, 110, do)
is not visible in the living animal but there is an extremely
slight indication of its position in an Ehrlich* s-Haematoxylin-

stained whole mount.  Sections show a mass of cytoplasm with

little affinity for stains lying partly against the outer
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Figure 109. Diagram of the dorsal organ (do) of a third instar
Danhnia manna. The dorsal organ is reduced in size

and has little affinity for stains, me, caecum of

mesenteron; me, mesenteron. Freehand drawing.
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Figure 110. Transverse section through the dorsal organ (do)
of a fourth instar Daohnia macna showing the small
size of the organ and also the two large spindle-
shaped cells adjacent to the dorsal organ,

me, mesenteron.
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Integument and partly loosely within the animal.
A few scattered palely staining cells lie between the
anterior flexiure of the mesenteron and the dorsal integument
in the fifth instar animal (Fig.Ill, do). A few similar cells

are also noted in adult animals.
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Figure 111, Vertical longitudinal section through the dorsal
organ (do) of a fifth instar Danhnia magna showing

the group of scattered small cells, most of which

show little affinity for stains. Freehand drawing.
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The Development of the Kphiuplal Egg.

a. Factors causing the production of ephlpplal eggs.

Early workers, such as Weismann, considered that ephippial
meggs appeared cyclically during the life of Daphnla. It is now
generally agreed that the production of ephippial eggs is due to ,

a number of external factors whictj*"#**»- ¢ lowering of the
general metabolic rate (Berg, 1951; 1954; 1956; Banta, 1959;
Issakowitsch, 1905). The environmental factors responsible are
scarcity of food, crowding, low temperature, and either a
markedly high or a markedly low pH of the water. The labile
period during which it is determined which kind of eggs will be
produced occurs during the last half of the previous instar
(Mortimer, 1936), The first change noted in a population
subjected to adverse conditions is the production of males, which
is soon followed by the appearance of females carrying ephippial
eggs. Fritzsche (1917) noted that the females producing
ephippial eggs have a higher internal osmotic pressure than those
producing non-ephippial eggs. In a recent paper” von Dehn (1955)
suggests that the formation of ephippial eggsv"/i/;mtc;ggendent upon
the ergosterin content of the fat in the food. Earlier, Smith
(1915) stated that fat storage is especially characteristic of
males and ephippial females, whereas glycogen storage is

especially characteristic of parthenogenetically reproducing
females, D aliistel (1956-7) found that males have more

sbuudant fat, but that there is no principle difference between

fhe reserve material of the ephippial and non-ephippial eggs.
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b. Description of the development of the enhiupial epie.

The ephippial eggs of Daphnia are usually fertilised eggs
and their production corresponds with the appearance within the
population of males, which are however always few in number in
comparison with the number of females. The early distinction
between the two types of cladoceran egg as 'summer'" and 'winter"
eggs has been largely replaced by the terms "parthenogenetic"
and "fertilised" or '"ephippial" eggs. But recent work has shown

that ephippial eggs may apparently develop parthenogenetically

since populations have been found in which ephippial eggs are
produced when no males are present. Instances have been cited
by Banta (1926), Schrader (1926), Poulsen (1940) and Edmondson
(1965), all in Arctic populations. Thus ephippial eggs are not

always fertilised eggs and may be parthenogenetic.

, During their development in the brood pouch of the mother,
the eggs are enclosed within an ephippium. The ephippium is a
darkened saddle-shaped thickening of the carapace in the region
enclosing the brood pouch. It has a double wall the two layers
of which correspond to those of the remainder of the carapace.
The inner wall is a single delicate chitinous membrane. The
outer wall is formed of tall prismatic chambers, their external
odges dome-shaped and with an irregular hexagonal outline. Each
prism corresponds to one of the hypodermal cells, and the prisms

in height. In places the layer of prismatic chambers is
Meplaced by a layer of thickened chitin resulting in a larger
space enclosed between the walls of the ephippium. The median

dorsal line of the ephippium is formed by a strongly elastic
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ligament which causes the closure of the two valves when the
ephippium is shed at the time of the next moult of the mother.
The ephipj)ium provides protection for the enclosed eggs and in
most species it also acts as a flotation device, * to the
enclosure of air within the prismatic chambers. In Danhnia
mama, the majority of the ephippia sink. The number of eggs
in the ephippium is fixed for each species, as is the position
of the eggs within the ephippium. In D. magna there are two
eggs placed longitudinally end to end. Further details of the
structure of the ephippium are given by Storch (1925), whose
information is repeated by Gravier (1951).

The ephippial eggs are of approximately the same size as the
non-ephippial eggs (Green, 1956), but of a slightly different
shape, being more ovoid. The yolk is in the form of globules
which are smaller and more even in size than those of the non-
ephippial egg. Tlie living ephippial egg appears more opaque
than the non-ephippial egg.

The ephippial eggs develop at a slower rate than the non-
ephippial V so that they have only reached the stage of
gastrulation at the time when they are shed by the mother at the
end of the instar, whereas in the same time the non-ephippial
eggs are expelled as first instar animals. In the majority of
cases, further development does not take place until after the
egg has passed through a period of diapause. The diapause lasts

a variable length of time and the factors causing a renewal

ef development, or breaking of the diapause, are not known with

Certainty.  Sometimes the eggs v/ill continue to develop without
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entering a diapause, and Banta and his co-workers (1959) found
that the best method by which to hatch young animals from the
ephippia of Danhnia lonuisnina was to keep the ephippia in dishes
of fresh culture medium, without eith'er freezing or drying.
Similar conditions were employed by"Green (1919) in the only one
of his experiments on Smocenhalus vetulus in which young hatched
from the ephippia. The percentage hatch is never great under
laboratory conditions, 8" to 10" being good.

A number of experiments were carried out in an endeavour to
increase the percentage hatch of ephippial eggs. The
experiments were based on the work of Hall (1955) with the eggs
of Chirocenhalus dlanhanus. The ephippia were obtained from
females of Danhnia which had been collected from sludge settling
tanks at Hampton Water Works. The ephippia were removed from
the dishes within a few hours of being thrown off by the mothers.
Groups of fifty ephippia were then subjected to different
conditions, but all were kept in a room maintained at 18°C. with

constant illumination.

1. The first group of ephippia was neither dried nor frozen
Mit transferred to covered 150 cc. dishes, half of which
contained run tap water and the other half distilled water,

2*  The second group of ephippia was left for three days in the
water into which the ephippia had been thrown off. As much as
possible of the water was then drained off and the ephippia left
to dry completely. The ephippia were left dry for seven days
®\d then wet again, half the dishes with run tap water and the
°ither half with distilled water.
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5.  The third group of ephippia was given similar treatment to
the second group except that the ephippia were left in the
original water for six, instead of three, days before drying.
4. The fourth group of ephippia was left in the original water
for six days and then dried. The ephippia were allowed to
remain dry, some for 55, others for 49 days. The ephippia were
then wet either with run tap water or with distilled water.
5. The fifth group was left in the original water for six days
and then dried. After seven days, ten ephippia were removed
from the dish and placed in run tap water. Another ten
ephippia were removed every seven days.
6. The sixth group of ephippia was left in the original water
for twelve days and then treated in a similar way to the fifth
group.
7. The seventh group of ephippia was treated in a similar way
to the fifth and sixth groups except that during the time in
which they were dry the ephippia were also placed in a
refrigerator, maintained at about 5°C.
8. The last group of ephippia was left in the original water
for eighteen days, then left dry for seven days, half of the

ophippia being also placed in the refrigerator maintained at
about 50c. All the ephippia were then wet.

After six months kept at 18°C., all the dishes of ephippia
were removed to a room maintained constantly at 28°C., with
constant illumination. %e ephippia were kept at this

temperature for two months.
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Throughout this time, totalling eight months or more, few

of the ephippial eggs hatched. Hatchings occurred at random
among the various groups, about three to each group of fifty
ephippia. There was no significant difference in the number
which hatched between the ephippia placed in run tap water and
those placed in distilled water. However the ephippia kept in
distilled water had a softer more ''rubbery" texture than those
kept in run tap water and were easier to open. About 80" of the
young that did hatch did so after the dishes of ephippia had been
transferred to 28°C. This is the only significant result and
the total number to hatch was only about 5% This is a very
small percentage but the fact that of this 5% the majority hatched
after transference to a higher temperature seems probably due to
this change in temperature rather than to elapse of time, since
the ephippia had already been six months at 18°C.

The highest percentage hatch which I obtained in the
laboratory was a hatch of 14 young from 50 ephippia, or 477,

These ephippia had been dried, placed in the refrigerator main-
tained at about 5°C. and then wet with run tap water and kept at
room temperature during July, about 20°C. to 2270.

When the diapause has been broken, the further development
cf the embryo until it hatches from the ephippium takes two to
three days. In almost all respects the development of the
®phippiai egg is similar to that of the parthenogenetic or non-
®Phippial egg. m

The development of the ephippial egg begins with the

fertilisation division at the periphery of the egg. There are
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two maturation divisions, the first cleavage divisions restoring

the diploid number of chromosomes (Mortimer, 1936). The egg
nucleus migrates to the centre of the egg, as it does in the non-
ephippial egg. ITiree or four nuclear divisions take place in
the centre of the egg, resulting in a number of biastomeres.
These blastomeres migrate to the periphery of the egg where there
is a thin cytoplasmic layer. They pass through the yolk along
thin cytoplasmic strands. At the periphery of the egg the
blastomeres form a blastodermic layer of cytoplasm (Pig.112, pc)
with nuclei (nu) at Intervals but without cell membranes. The
remainder of the egg consists of a mass of small yolk globules (y)
almost equal in size. There are no oil droplets.

Before the beginning of gastrulation, and while the
peripheral blastoderm is still without cell membranes, the first
yolk cells appear (Pig.115, yc). The cells have a very thin
outer cytoplasmic layer, thickened where it contains the nucleus
(nu). The nucleus is small and usually hyaline with a small
nucleolus.  The remainder of the yolk cell consists of closely
packed yolk globules (y) forming a clump. The first yolk cells
are visible about eighteen hours after the egg has been laid into
the modified brood pouch. They arise from the peripheral
blastoderm and not from blastomeres left in the central part of
the egg when the other blastomeres migrated to the periphery.
Unlike the first yolk cells in the parthenogenetic egg, the yolk
cells of the ephippial egg can be readily distinguished and are

Arkedly separated from each other. Each yolk cell contains in

Moss section about twenty yolk globules, whose similarity in



figure 112,
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'transverse section through an ephippial egg of
Danhnia mapna a few hours after it has been laid
into the brood pouch of the mother showing the thin
outer blastoderm (pc) enclosing the central yolk (y)

and without cell membranes, nu, nucleus.
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figure 115. Section through an ephippial egg about eighteen

hours after it has been laid into the brood pouch

of the mother, at a stage shortly before gastrulation,
showing well developed yolk cells (yc) with clearly
defined nucleus (nu) and numerous small yolk

globules (y).
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size appears to aid the distinctiveness of the yolk cells. The

nuclei are more easily recognisable than those of the yolk cells

of the non-ephippial eggs. The yolk cells move to the centre of
the egg at an early stage (Fig.114).

Shortly after the formation of the first yolk cells,
gastrulation begins, Oastmlation takes place by immigration,
as in the non-ephippial eggs, and results in an inner mass of
irregular cells (Fig.117), %ere is a small invagination in this
area. Tliere is no distinction between the individual cells of
the inner cell mass or mesendoderm (icm). The cells are
irregular in outline although the outer edge of the mass as a
whole is smooth. The cytoplasm of the cells resembles that of
the peripheral layer and shows little affinity for stains. The
nuclei (nu) are small with a central nucleolus and peripheral
chromatin granules. The cells do not contain either vacuoles
or yolk. Cell membranes have now appeared in the peripheral
cytoplasm, but the inner membranes, parallel to the surface of
the egg are difficult to distinguish. The inner part of each
coll is filled with closely packed yolk globules (Fig.118, y).

The ephippial eggs, enclosed within the modified brood pouch,
are thrown off by the mother at this stage of development (Fig.
119; Plate 15), Each of the two eggs in the ephippium is
surrounded by an egg membrane.  Within the membrane is a thin
peripheral layer of small cells (ec) whose inner ends aredifficult
to define since they are filled with yolk globules and lie

adjacent to the central mass of yolk globules. Internal to the

peripheral layer of cells is an area of yolk globules and
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Figure 114. Section through an ephippial egg at the stage when
the ephippium is shed by the mother showing the
peripheral cytoplasmic layer (pc) surrounding an
inner layer of yolk cells (yc) and a central mass

of yolk globules (y). em, egg membrane.



Figure 115. Transverse section through an ephippial egg at
the same stage as Pig,314 stowing yolk cells (yc)

and unaltered yolk (y) with yolk in various stages

of breakdown, em, egg membrane.



Figure lie. Section through an ephippial egg at the same stage
as Fig, 314 showing nuclei (nu) in cytoplasmic areas

among the yolk (y).
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Figure 117, Section through an ephippial egg at the stage when
the ephippium is shed by the mother showing the
inner group of cells (icm) formed by gastrulation.
The nuclei (nu) of these cells have a central
spherical nucleolus and peripheral chrcmatin

granules, ec, outer cell layer; em, egg membrane;

y, yolk.



Figure 118. Section through an ephippial egg that has been shed
by the mother and has entered diapause. The inner
group (icm) is composed of polygonal cells with large
nuclei usually containing several chromatin granules,

ec, outer cell layer; yc, yolk cell; y, yolk.



Figure 119. Diagrammatic reconstruction of the ephippial egg of
Daphnia magna that has been shed by the mother
showing the outer cell layer (ec), with yolk
globules (y) in the inner parts of the cells,
surrounding a central mass of yolk cells (yc) with

an inner group of cells without yolk towards one end

of the egg (icm).
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Hate 13 . Photomicrograph of a longitudinal section through
an ephippial egg at the same stage as Pig.119
showing the inner group of cells (icm) and the yolk

cells (yc) . ec,outer layer of cells.
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cytoplasm not divided into cells (Pig.116; Fig.116) as well as

yolk cells. In one place a group of irregular cells extends
from the peripheral layer through this area of unaltered yolk and
cytoplasm towards the centre of the egg (Fig,119, icm). The
group of cells is situated close to one end of the egg. The
cells contain no yolk and form the mesendoderm. The centre of
the egg contains a number of yolk cells (Pig.180, yc) together
with some unaltered yolk. The yolk cells are not best developed
in the neighbourhood of the mesendoderm but appear to be most
numerous close to the peripheral layer. The majority of eggs
found in ephippia thrown off by the mother are at this stage of
development, even when several weeks old.

The paired '"Scheitel*plate develops early, when the inner
cell mass is still not distinguishable into endoderm and mesoderm.
%e nuclei of the mesendoderm (Fig.121, icm) are now large and
hyaline each with a large nucleolus and with peripheral chromatin
granules. = The cytoplasm of the cells is granular. The
"Scheitel"-plate consists of two groups of enlarged peripheral
cells placed antero-dorsally. The nuclei of these cells are
larger than those of the other cells of the peripheral layer,
espiecially their nucleoli.

The mesendoderm increases and spreads over the ventral
surface of the yolk. The endodermal cells become distinguishable
from the surrounding mesodermal cells and fom a solid rod lying
Bid-ventrally with the mesoderm laterally and at either end. As

lu the non-ephippial egg, the mesenteron develops a narrow

central cavity which becomes continuous and joins with the



Hgure 120. Section through an ephippial egg at the same stage
as Fig. 119 showing the yolk cells (yc) and the

outer layer of cells (ec) containing yolk glohules(y).
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Figure 121. Section through an ephippial egg at the same stage
as Pig. 119 showing the inner group of cells (icm).
The cells are large and lightly staining and contain

large nuclei, ec, outer layer of cells; yc, yolk

cells.
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cavities of the stomodaeura and proctodaetm.

At the stage when the cavity of the alimentary canal is
still narrow but continuous, the heart and the maxillary gland
are developing and individual muscles are distinguishable. A
large dorsal organ is present and the yolk is still widespread.

The further development resembles that of the non-ephippial
egg, the only difference to be noted between the embryos
developing from the tv/o Kkinds of eggs being the nature of the
yolk. Even in the well developed embryo, the yolk in the
ephippial egg can be distinguished from that of the parthenogenetic
egg. In the former the globules are smaller and almost equal to
each other in size. The difference in the yolk persists from
the Initial development of the egg until all the yolk has been
incorporated into the yolk cells.

The young animal may hatch from the ephippial egg about
three days after the probable breaking of the diapause, as
indicated by the shedding of the ephippium by the parent or by
the wetting of the dried ephippium. In other cases weeks or
months may pass before the young animal liatches. In the few
experiments carried out (p.102), most of the hatchings that
occurred did so within four days of the transference of the

ephippia from 18°C. to 28°C.

The development of the ephippial egg is essentially the
Sme as that of the non-ephippial egg, and any differences noted
appear to be due to the state of the yolk.  The boundaries of
the peripheral or blastodermal cells form at a slightly later
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stage than in non-ephippial eggs and when the cells are formed
they contain a greater amount of yolk. The yolk cells form in
a similar manner in the two kinds of eggs, but the difference in
the nature of the yolk globules causes the yolk cells of the
ephippial eggs to be more distinct. Their nuclei are easier to
recognise and each cell contains a clump of numerous yolk

granules instead of a few Inrger granules.
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The development after expulsion from the brooct pouch of the
mother.

When the yomg first instar animal is expelled from the
brood pouch of its mother, it resembles the adult animal except
in various features of its alimentary canal, reproductive system,
fat cells, sense organs and external features, especially the
dorsal organ. The heart beats at a slower rate than in the
adult animal, but its beat is now regular and the heart is fully
developed structurally. The animal swims and feeds actively.

It is smaller than the adult and more transparent (Plate 14), the
latter being principally due to the rudimentary stage of the
ovaries.

Since Danhnia magna may become mature in either the fifth
or the sixth instar m . toderson, 1952), not all the animals in
the same instar will be in exactly the same stage of development.
By the time that the ovaries, or testes, have become mature the
rest of the animal is fully developed.

The alimentary canal.

In the animal newly released from the brood pouch of its
nother (Pig.55), the alimentary canal is open throughout its
length and differs only in a few minor points from that in the
adult animal.  The anterior wall of the stomodaeum is distinctly
thicker than the posterior wall, the difference between the two
t“eing greater than that in the adult and due principally to the
thickness of the muscle layers, especially the pair of
longitudinal muscles. The mldgut caeca (me) are proportionally

smaller than in the adul tto the narrowness of the lumen.
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Plate 14 e Photomicrograph of a whole mount of an early instar
female Daphnia ma®**na showing the general resemblance
to the adult except that the ovary(ov) is less well
developed. a.l,antennuie ; a.2,second antenna;'
a.2mu,muscle of second antenna; ab,abdomen; b,brain;
br ,brood pouch; bs,branchial sac; cs,caudal spine;
e,compound eye; he,heart; me,caecum of mesenteron;
me ,mesenteron; oc,ocellus; og,optic ganglion;

st,stomodaeum.
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the wall being equal in thickness to that of the remainder of the
mesenteron. The wall of the mesenteron is thickened in the
region opposite to the dorsal organ.

The second instar animal, that is after the first moult
after release from the brood pouch, has the anterior wall of the
stomodacum less distinctly thicker and no sign of thickening of
the mesenteron wall opposite to the dorsal organ. The midgut
caeca are usually slightly larger, but may be almost as narrow
as in the first instar animal.

In the third instar animal, the midgut caeca may be still
small but generally they are similar in size to those in the
adult animal. The remainder of tte alimentary canal resembles
that of the adult.

In all fourth instar animals the midgut caeca are similar in

size to those of the adult (Pig.37, me), and the alimentary canal

is the same as in the adult animal.
The reproductive system.

In the first instar female, the ovaries are small and
narrow. They lie on either side of the mesenteron, turning
dorsally at their posterior ends. Each ovary is narrow
anteriorly, broadening for the greater part of its length, and
then narrowing again slightly at the posterior end. The
posterior limit is difficult to distinguish.

In the second instar, the ovaries are of more even width
’ith their anterior ends in a slightly more ventral position.

The ovaries of the third instar female are enlarged and

contain distinct four-cell groups.
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By the fourth instar, the ovaries are much larger but are

not yet ready to lay eggs. Eggs ready to be laid are present

in the ovaries of the fifth, or sometimes not until the sixth,
instar.
In the first instar female, the ovaries are long slender

delicate strands lying slightly ventral to the mesenteron and

extending from the level of the heart posteriorly to the
posterior flexure of the mesenteron. Their length is thus
similar to the length of the adult ovaries, but the cellular
part of the ovary extends forwards only to approximately the
level of the second thoracic appendage. The anterior third of
the ovary consists of a very narrow strand of vesicular tissue.
This anterior vesicular region consists of thin-walled vacuoles
with narrow cytoplasmic areas containing a number of darkly
staining granules. The posterior part of the ovary is wider
than the vesicular part and consists of irregularly arranged
cells with darkly staining cytoplasm and hyaline nuclei each
containing a large central spherical nucleolus, A number of
small granules occur round the periphery of the nucleus. There
are about two cells to the width of the ovary. In the more
posterior part of the ovary the cytoplasm of the cells stains
less intensely and contains a greater number of vacuoles with
fewer granules. Further towards the posterior end of the ovary
the boundaries between the cells become irregular and less
distinct and the amount of cytoplasm is greater in comparison with
imclel. The cells are smaller further towards the posterior

of the ovary. At its posterior end the ovary becomes
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narrow and grades Into a narrow extension which appears to become
or receptaculura seminis,
the oviduct,short tube with walls one cell thick and a narrow
lumen. In the first instar animal there is a sheet of fat cells
directly adjacent to each ovary, so close that it is often
difficult to distinguish the boundary between them. Occasionally
the cells of the ovary show an indication of an arrangement into
groups of four, and there is also sometimes a beginning of a
deposition of yolk.

The ovaries of the second instar female (Pig. 122, ov) are
slightly wider than those of the first instar animal, the
widening being in a dorsal direction. The anterior vesicular
area of the ovary is still present, with well-defined nuclei and
cytoplasm between the vesicles. Further towards the posterior
end of the ovary, the cells are irregular and stain moderately
intensely, the nuclei being characteristic of the genital cells,
hyaline with large central spherical nucleolus. These are
bounded laterally by vesicular tissue which has smaller vesicles
aiid a greater amount of cytoplasm than the most anterior
vesicular area. The fat cells are directly adjacent to the
anterior end of the more cellular part of the ovary. The cells

beginning to form ing(]): £gg;‘r;g§gllll%¥noggg,inligt the cells are
still small.  The oviductji®is slightly longer and narrower than
in the first instar animal and the lumen is open.

In the third instar (Plate 15), most of each ovary (ov) lies
nt the same level as that of the mesenteron (me), the posterior

Pnrt being slightly more ventral. The ovaries are wider than in

previous instar and their cells larger. In the anterior



Figure 122, Vertical longitudinal section through an early

instar Danhnia magna showing the ovary (ov) con-

sisting of an anterior vesicular area, a more

posterior area with cells with granular cytoplasm
and beginning to form into groups of four, an area
of Irregularly arranged less granular cells and a

narrow posterior end of small cells, br, brood pouch.

Freehand drawing.






4%

wit

-

oI Www,

Hate 15, Photomiorocraph of a horizontal longitudinal section
through a third instar female Daplmia magna showing
the paired ovaries(ov) next to the mesenteron (me).
The anterior part of each ovary contains groups of
four-cells; more posteriorly the cells are smaller
and are not arranged in groups, a.2,second antenna;

cf,carapace fold; mu”“muscle; mxl, maxillary gland loop
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vesicular part of the ovary the vesicles are less distinctly

defined and are larger. Posterior to the vesicular area the
cells are arranged into groups of four, each of the four cells
being of equal size. Close to these four-cell groups lie a
number of fat cells. The Increase in the size of the cells in
this instar is due to an increase in the amount of cytoplasm in
the cell. The lateral edge of each ovary is filled with
vesicular tissue. Further posteriorly the cells are irregularly
arranged and their cytoplasm stains less intensely and is pro-
portionally smaller in area. A few of these cells contain fine
darkly staining granules and possibly indicate the site of the
formation of the ephippial eggs. Posteriorly the ovary narrows
and grades into the long thin oviduct which appears at this stage
to be open and to lie alongside a long narrow muscle which is
attached to the integument of the animal very close to the oviduct.
In the fourth instar the ovaries lie directly adjacent to
the mesenteron and resemble in shape those of the adult animal.
The oviduct is recofpiisable as a narrow tube with walls one cell
in thickness and a lumen opening immediately anterior to the
second (or largest) dorsal process. There is an indication of
fine muscular tissue close to each oviduct. At its anterior end
each oviduct leads to the germinal part of the ovary consisting
of small flattened cells with small nuclei.  Anterior to the
germinal part of the ovary the cells become larger until they
hecome arranged into groups of four. The four-cell groups occur
®ite close to the posterior end of the ovary. The remainder, '

nore anterior, part of the ovary is filled with four-cell
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groups and if the animal has not been supplied with aWndant

nourishment there is also a variable amount of vesicular tissue
at the anterior end of the ovary. In well-fed animals the
groups of four cells fill the ovary except for a very small
anterior tip which always remains vesicular.

In the following instar (Plate 16), the shape of the ovaries
(ov) resembles those of the adult and the ovaries ai'e mature as
in the adult, the eggs being laid either in this or in the
following instar. m The majority of the cells are in groups of
four, usually with one cell larger than the remaining three and
containing a number of oil droplets. All the cells contain
yolk.  The state of the four-cell groups depends on the stage
reached in the formation of the egg and usually complete develop-
ment of the eggs takes place during the instar. The four-cell
groups fill the ovary with the exception of a small anterior
vesicular area and a short posterior germinal region of small
irregular cells (gee). The short oviduct is usually closed and
is slightly broader than in earlier stages.

Since the groups of four cells may first develop into egg
cells in either the fifth or the sixth instar, it is not possible
io describe the exact state of the ovaries in each of the early
instars.  The development of the ovaries is a gradual process
without reference to the occurrence of the instars.

Claus (1976) described the developnent of the ovaries under
five stages which do not appear to correspond with the first five
instars since the first description of the ovary agrees with that

°f a second instar animal. He apparently did not observe the
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Hate 16. Photomicrograph of a horizontal longitudinal section
through a fifth instar female Daphnia magna shov/ing
the paired ovaries(ov) next to the mesenteron (me) /
Most of the cells in the ovary are arranged into
groups of four, but there is a short posterior

germinal region of small irregularly arranged cells (gee)



116.
anterior vesicular pert of the ovary until the third stage. In

Claus's final stage, 2 - 2i mm in length, the cellular part of
the ovary reaches the heart region and has an increased amount of
yolk and fat. The cells are in groups of four. The stage is
probably that of the adolescent, or pre-mature, instar which is
usually the fifth instar. It is difficult to relate the stages
described by Claus to instars, especially since he says that the
"Haftorgan”, or dorsal organ, is still present in the third stage
while it is known to disappear from view in living animals in the
third instar. It therefore seems that Claus's stages do not
correspond to instars but are arbitary stages of development
taken probably from animals in the second to the fifth instars.
The fat cells.

The first instar animal (Fig,46) still contains a number of
unaltered yolk globules, especially in the mandibular region.
The fat cells are less numerous than in the fully developed
animal and are generally smaller. The cells are most abundant
in the inner angle of the posterior flexure of the mesenteron and
at the base of the last thoracic appendage. The most anterior
limit of the cells is found immediately posterior to the trans-
verse mandibular muscles, a moderately large group of cells
occurring against their posterior edge. There are few fat cells
in the branchial sacs of the thoracic appendages.

All unaltered yolk globules have usually gone by the time
that the animal enters the second instar, A greater number of
fat cells is now present, although still less than are found in

ihe adult. The cells are still small but are more widely
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distributed and more abundant in the branchial sacs of the

thoracic appendages.

By the time that the animal enters the third instar, the
fat cells have becane even more abundant, especially in the
branchial sacs. The cells are larger, although still slightly
smaller than in the adult. The cells are similar in
histological structure to those of the adult animal.

The fourth instar animal has more and larger fat cells and
by this or the follov/ing instar the fat cells resemble those of
the adult animal both in distribution and structure.

The sense organs.

The ocellus, the lateral frontal organs, the compound eye
and the bristles and setae of the young animal newly expelled
from the brood pouch of its mother resemble those present in the
adult animal. @ The only structures which show any differences
are therefore the '"frontal organs'" scattered over the rostrum,
the median frontal organs and the first antennae.

The "frontal organ" cells, ventral to the median frontal
organs but probably related to them and scattered over the
rostrum of the head, are smaller and arranged in a more irregular
fashion in the first instar than in the adult animal. By the
second instar, these cells resemble those of the adult both in
size and distribution.

In the first two instars the pair of median frontal organ
cells lie at right angles to the surface of the integument.
Aing the third instar they are oblique to the surface, by the

fourth instar being parallel to the surface of the integument as
the adult.
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The antenrmles, or first antennae, of the first instar

animal are situated very close to the proximal lahral glands.
They carry setae as in the adult and a well developed base of
cells. The outer cells are large and hyaline and each contains
a small dark granule. They surround the nerve ganglion. The
distal tube-like cells, through which the nerve fibres run from
seta to ganglion, are well developed. In the second instar
animal the vacuolated cells are more abundant and less swollen,
but the ganglion and the distal cells are still rather more
distinct than in the adult. Two nerves can be seen going to
each antennule. In the third instar animal the antennules
project slightly further from the rostrum than in the second
instar animal. Their structure is much as in the adult animal
although the separate areas are more distinct - there is a
proximal densely staining ganglionic area, a hyaline vesicular
area and an area of tube-like cells leading to the '"collars" at

the bases of the setae. By the fourth instar the antennules

are similar to those of the adult.

The external features.

Changes in the external features during the development
through the early instars have been noted by several authors, of
which the principal are Anderson (1950; 1952) and Scourfield
(1945). Lundberg (1895) wrote a paper on Danhnia pulex. A
paper by Schulze-Robbecke,(1951) deals with signs of ageing in

the senescent animal. The animal grows in size from instar to

Instar.

In the first instar animal, there is a marked tail notch,
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or concave area of the carapace immediately ventral to the caudal
spine (Pig.25). The brood pouch is not yet developed and the
dorsal process which in the adult closes off the posterior end of
the brood pouch is only feebly developed (Fig,125), being a short
stump with a cluster of cells at its base giving off fine threads
into the process. The abdomen has an even contour from the base
of the terminal claws dorsally (or anteriorly), that is, it lacks
the indentation found in this region in the adult. There are a
few spines in this region. The serration of the abdominal claws
is not as marked as in the adult. The dorsal organ is discussed
in a separate section (p. 91 ).

When the animal moults to enter the second instar, the tail
notch is not as well marked as in the first instar animal. The
brood pouch is beginning to develop and the second dorsal process
has begun to grow (Fig. 124). The latter is still small, blunt
and wrinkled and contains in its base a number of small round
cells with small darkly staining centres. The abdomen shows the
beginning of an Indentation and the serrated area of the terminal
claws has increased.

In the third instar animal, the tail notch is no longer
present.  The brood pouch has developed further and is about
half the height of that in the adult (Pig.125, hr). The dorsal
process is larger. There are now four processes anterior to
The caudal bristle, an additional process having developed
anterior to the largest one. This largest, or second, dorsal

process has a thickened wall and no longer has a group of cells



—0.0'3wxww.

r'igure 1255, Vertical longitudinal section through the posterior
dorsal region of a first instar Danhnia raagna
showing the rudimentary dorsal process at the
posterior end of the brood pouch, me, mesenteron,

Freehand drawing.
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Kglire 124. Vertical longitudinal section through the posterior
dorsal region of s second instar Danhnia roagna
shoving the dorsal process at the posterior end of
the brood pouch still small, me, mesenteron.

Freehand drawing.
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Pigure 125. Vertical longitudinal section through the posterior
dorsal region of a third instar Danhnia meuma
showing the dorsal process at the posterior end of
the brood pouch (hr), cs, caudal spine;

me, mesenteron. Freehand drawing.
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at its base. The abdomen has a more marked indentation, but
the serration of the terminal claws is not yet fully developed.

By the fourth instar, the brood pouch (Fig.126, br) has
grown deeper and the second dorsal process is longand wrinkled
with a blunt but narrowing tip. The firstdorsal process is
.short. There has been no change in the abdomen.

By the fifth instar the brood pouch (Pig.127, br) is usually
fully formed although not as deep as in the adult animal. The
first dorsal process has grown considerablyinto along
moderately narrow, almost pointed process formed of chitin only.
There has been no change in the second dorsal process. Neither
of these dorsal processes is equal in height to that of the
adult.  The abdomen resembles that of the adult animal.

The size of the brood pouch and of the dorsal processes in
any particular instar will, of course, depend upon in which

instar the animal becomes mature.
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Figure 12G. Vertical longitudinal section tiirough the posterior
dorsal region of a fourth instar Danhnia manna
showing the dorsal processes at the posterior end
of the brood pouch (br). The brood pouch has
increased in depth since the third instar, c¢s, caudal

spine; me, mesenteron, lYeeliand drawing.



Figure 127. Vertical loiigitudiiuil section through the posterior
dorsal region of a fifth instar Dcphni.a ma’xma
shov/ing the fully developed dorsal processes at the
posterior end of the brood pouch (br). os, caudal

spine; me,aesenteron. I"Yeeliand drawing*
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The anatomy of the adult.

Introduction.

In the course of investigations of the embryological
development of Daohnia mahna it was found that no comprehensive
up to date account of the anatomy of the adult was available.
The increase in the use of Danhnla for physiological, experi-
mental and other studies suggested that a concise account of
the anatomy in greater detail than that possible in the average
textbook would be useful. The standard work is that of Claus
(1876), followed by a more general account by Storch (1925),
Various parts of the anatomy are described by Klotssche (1913).
The works of Binder (1952) and JSger (1955) give detailed
accounts of the musculature and fat body respectively, while
other accounts of individual systems are those of Cannon (1922)
and Storch (1924), Useful general texts are those of Wagler
(1926-7) and a short account by Lochhead (1950), An early work
which has good drawings is that of Sch&ffer (1755),

A study of both live and fixed animals, and a survey of
previous work, has led to an extension and revision of previous
descriptions, especially in regard to histology, enabling the

presentation of a more comprehensive revised account of the

anatony of the adult Danhnia magna.
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a. The Alimentary Canal.

The alimentary canal is a simple tube with a pair of small
caeca near the anterior end (Plate 17), It turns ventralwards
at either end to open by means of stomodaeum (st) and
proctodacum (pr).

Claus (1876) includes an account of the alimentary canal in
his general work on the anatomy of the Daphnids, while Hardy and
McDougall (1895) devote a paper entirely to the alimentary canal.
Further information is added by Klotzsche (1915) and a good brief
account is given by Wagler (1926-7), The musculature is
described by Binder (1952), and the peritrophic membrane by
Chatton (1920), None of these works supply a comprehensive
account of the structure of the alimentary canal and there is

little reference to the histology.
'The mouth.

The mouth (Plate 18, mo) is small arid opens between the labrum(l)
(anteriorly) and the mandibles (md) (posteriorly and laterally).
It leads to the stomodaeum (st).

stomodaeum.
The stomodaeum, foregut or oesophagus (Plate 18, st), arises as
finectodermal invagination and is short and narrow. The wall is
conposed of an innermost transparent cuticle, a layer of
cuboidal cells with granular cytoplasm, a pair of longitudinal
nnscles anteriorly (Igtmu),- and an outer layer of circular
®msde (cimu). The longitudinal muscles may be thin and
difficult to discern. A set of dilator muscles (dilmu) extends

the outer wall of the stomodaeum to the chitinous
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Photomicrograph of a whole mount of a fifth instar
Danhnia map;na. a.l,antennule; a.2,second antenna;
a.2mu,muscle of second antenna; ah,abdomen,

abb ,abdominal bristle; an,anus ; b,brain; br,brood
pouch; bs,branchial sac; cf,carapace fold; c¢s,caudal
spine; e ,compound eye; fc,fat cell; he,heart;

me ,caecum of mesenteron; mdmu,muscle of mandible;
me,m senteron; mxl maxillary gland loop; oc,ocellus;
og,optic ganglion; ov,ovary; pr,proctodaeum;

ptm,peritrophic membrane; st,stomodaeum.
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Photomicrograph of a vertical longitudinal section
through the anterior region of an adult Daphnia magna
showing the stomodaeum(st) and its Jjunction with the
mesenteron (me) . The anterior wall of the stomodaeum
is thicker than the posterior wallwi*»* to the
presence of a pair of longitudinal muscles (Igtmu) .
a.antennuie ; a.2imi,muscle of second antenna;
b,brain; cimu,circular muscles of stomodaeum;
dilmu,dilator muscles of stomodaeum; dlgl,distal
labral gland; e,compound eye; 1l,labrum; Imu,muscle

of labrum” mc,cae”“cum of mesenteron; md,mandible;

mo,mouth; mu,muscle; og,optic ganglion.
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exoskeleton. The cavity of the stomodaeum is flattened antero-
posterlorly, so that in cross section it is oval with the short
axis running from the anterior to the posterior end (Plate 45,st).
The mesenteron.

The mesenteron, midgut or intestine (Plate 17, me), forms the
greater part of the alimentary canal. It continues dorsally
from its junction with the stomodaeum (st) to turn posteriorly
above the level of the compound eye and continue parallel to the
dorsal surface until turning ventrally into the abdomen (ab).
There is no marked constriction, or '"meck”, in the mesenteron
just posterior to the junction with the stomodaecum although this
was mentioned by Hardy and McDougall (1895), The wall of the
mesenteron partly consists of a layer of tall columnar cells of
different height in the different regions, being tallest
immediately behind the anterior flexure. The inner surface of
the cells is very irregular. The outer part of each cell stains
the more intensely and is granular; the inner part of the cell
forms an almost translucent border containing a row of vertical
rods (Plate 55, me). This border is slightly broader in the
anterior region of the mesenteron and in the midgut caeca than
®ore posteriorly. The rods are not always visible in the adult
specimen; their presence may depend upon the state of digestion
or upon the stage of the moult. Covering the layer of columnar
cells is a layer of circular muscles (Plate 19; Plate 44, cimu),
External to this layer of muscles is a series of longitudinal

muscles (Igtmu), about 14 in number, which extend the whole

length of the mesenteron. The relative positions of the sets
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Photomicrograph of a horizontal 1longitudinal
section showing the cross striation of the circular
muscles (cimu) of the mesenteron(me), and also four-
cell groups in the ovary(ov) . Igtmu,longitudinal

muscle; mu,muscle.
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of muscles is tlms the reverse of that present in the stomodaeum.

Within the cavity of the mesenteron lies the thin liyaline
peritrophic membrane (Pig,56; Plate 57, ptm). The membrane is
attached only at its anterior end where it originates in the
groove found at the junction of the stomodaecum with the midgut.
Otherwise the membrane hangs freely in the cavity. Chatton
(1920) suggests that this peritrophic membrane is formed of a
stomodaeal moult which has turned inside out to project into the
mesenteron and has been augmented by agglutination in the midgut
so that it now extends as far as the anus. It is interesting
to note that in insects the peritrophic membrane may be produced
in one of two ways: in some by a ring of cells at the anterior
end of the midgut; in others by delamination of one or more
layers from the surface of the midgut spithelium (Waterhouse,
1954),  The membrane appears to be structureless, but it is
possible that with higher magnification, such as that obtainable
with the electron microscope, a meshwork of some kind, similar to
that noted for example by Huber (1954) in insects, would be
discernible.

The caeca of the midgut leave the mesenteron just posterior
to the entry of the stomodaecum (Plate 17) and project dorsally
and posteriorly. They are short with blunt ends. Their walls
are similar in structure to that of the mesenteron. They do
iiot contain the peritrophic membrane,

B>e aroctodaenm.

The proctodaeum, hindgut or rectum (Plate 17, pr), is a short

fictodermal invagination which is laterally compressed. The wall
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is lined by a thin cuticle and is composed of a layer of
cuboidal epithelium v/hich resembles that of the stomodaecum and
is surrounded by a strongly developed sheath of circular
musculature. There is possibly a very thin layer of longitud-
inal muscles between the cuboidal epithelium and the circular
muscles. This layer appears to be present in the first instar
animal but cannot be definitely recognised in the matwe adult.
It is not mentioned by Binder (1952) who wrote an account of the
musculature.  Extrinsic muscles run to the wall of the procto-
daeum.  The circular muscles of the wall do not extend for the
full length of the proctodaeum but internally cease before the
junction with the tall colimnar cells of the mesenteron. The
proctodaeum contains a second or rectal peritrophic membrane
which originates in the groove at the junction of the mesenteron
with the proctodaecum and extends posteriorly between the procto-
daeal wall and the anterior peritrophic membrane. It ends at
the anus. It is probably formed of a proctodaeal moult. The
proctodaeum is often coated with a large number of fat cells but
it is unlikely that these are of any importance in digestion.
The anus.

The anus (Plate 17, an) opens posteriorly on the abdomen, just

above the caudal furca.

Motion.
Mhnia feeds principally on algae and. detritus. The food is

collected by the appendages (Storch, 1924; Cannon, 1955), mixed
with a secretion of the labral glands and passed rapidly through

ihe stomodacum into the mesenteron. The stomodaeum does not
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retain any of the ibod; the anterior one-third of the mesenteron
is usually also empty of fbod. The food remains surrounded by
the peritrophic membrane, most of the digestion and absorption
taking place in the middle region of the mesenteron. The amount
of movement occurring towards the anterior region and midgut
caeca is greatest when the food is very plentiful. There is a
rhythmic antiperistalsis forwards from the hind end of the gut,
where it is strongest. It was suggested by Fox (1952) that this
is due to the regular rectal swallowing of water which distends
the gut. The circular muscles of the gut wall contract in
response to the stretching by hydrostatic pressure. This causes
defaecation from the posterior end of the mesenteron. Defaec-
ation is sudden, and may occur several times during one minute.
The proctodaeum, like the stomodaeum, acts only as a passageway.
Oral swallowing probably also stretches the muscles of the gut
wall, aiding antiperistalsis, and as well probably forces the

food backwards along the mesenteron. Antiperistalsis causes a
continual movement back and forth resulting in a mixing of the
food and digestive enzymes.

Digestive enzymes found to be present include an amylase,
lipase and proteinase (Hasler, 1955), together with three
peptidases (Hasler, 1957), Danhnia lives long on a protein diet,
while von Dehn (1950-1) found that starch digestion was slow,

Hit Lefévre (1942) established that the starch of algae is

readily digested. The algal cell walls remain unchanged but

ihe cell contents are removed.
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The pH of the anterior tteee-quarters of the mesenteron

is 6.0 to 6,8, of the posterior quarter 6.6 to 7,2 (Pbx, 1948).
This agrees with the results obtained by von Dehn and Hasler.
Acetylcholine stimulates Intestinal movement, its action

being inhibited by atropine (Obreshkove, 1941).



128.
b. The excretory System.

The excretory organs of the Crustacea are the antennary
glands and the maxillary glands. Seldom are both present
together. The antennaiy gland Is functional in the adult of
certain Malacostraca and is the larval excretory organ of some
Branchiopoda, The maxillary gland is the excretory organ of the
majority of Crustacea, including adult Branchiopoda such as
Danhnia, @ The maxillary gland is often referred to as the shell
gland or "Schalendriise". Cannon and Manton (1927) describe the
arrangement of the maxillary gland in Estheria and place the
remainder of the Branchiopoda into two groups, the Notostraca
and the Cladocera being closely similar to the Conchostraca while
the Anostraca show important differences. The derivation of
the maxillary gland of Danhnia from that of Estheria is traced,
and it is pointed out that one of the loops has in Danhnia
developed an S-shaped twist. Earlier a suggested hypothesis
for the evolution of the antennaly and the maxillary glands vms
pt forward by Cannon (1924),

Leydig (1860) gives a short account of the shell gland,
while Dohrn (1870) investigated its development in Danhnia
iQngisnln® and first indicates that the gland has an opening
although he believes that this is internal, A description is
given by Claus (1875)* who decided that the shell gland was
glandular and that it consisted of a vesicle or bladder, a canal

a labyrinth. In 1915, Klotzsche gave a more detailed account
°f both the antennary and maxillary glands and included" an

historical survey of the earlier work on these organs. Vital
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staining experiments by Dejdr.r (1950) also reveal the presence

of the antennary gland.

The maxillary rland.

The maxillary gland is situated principally in the anterior
region of the carapace fold (Plate SO) but projecting slightly
inwards in the region where the carapace is attached to the body.
It consists (Pig.128) of an end sac, a short canal, a series of

loops, a urinary bladder, and an excretory duct opening to the

exterior.

The end sac.

The end sac lies slightly dorsal to the middle of the gland in
the region where the carapace is attached to the body, but is
still within the carapace fold. It is rectangular in form with
slightly rounded corners. The wall is composed of cells which
project into the lumen, their inner edges being uneven irregular
semi-circles, Klotzsche (1915) described an inner area of each
cell containing the nucleus and numerous even-sized granules, the
whole part of the cell staining moderately intensely with
Heidenhain's Iron haematoxylin, while at the base of each cell
there was a clear, almost unstained border. The border con-
tained similar dark-staining granules of very different sizes
which Klotzsche suggested were possibly excretion or secretion
products and indicated as very characteristic of the end sac.

R also found vacuoles in the cells. However on staining with
Heidenhain's Iron haematoxylin it has been found that the
cytoplasm of the cell has little affinity for the stain through-

Clt but that it contains granules of different sizes which stain
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PhotomicrogTaph of a horizontal longitudinal section
in the region in v/hich the carapace fold(cf) is
attached to the body, showing part of the maxillary

gland (mx1) . fc,fat cell; me,mesenteron; ov,ovary.



Hgure 128. Diagrammatic reconstruction of the maxillary gland
of an adult Danhnia maana showing the end sac, canal,
coiled loops and urinary bladder, h, head;

me, mesenteron.
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more deeply and are more numerous in the inner part of the cell
thus giving a darker appearance to this area of the cell. The
inner part of the cell also contains the nucleus which stains
deeply. A few vacuoles are present in the cells, So
distinctly separate border is present, the effect of one may be
produced by a lesser concentration of granules. The lumen of
the end sac occasionally contains spherical bodies which Klotzsche
regarded as blood cells. *# They show little structure and take

up only a small amoimt of stain.

The canal.

The canal is very short and narrow. It leads from the ventral
end of the end sac to the series of loops and shows the same

structure as that of the loops being distinguished only by its

narrower diameter.
The series of loops.
This is sometimes referred to as the canal or labyrinth. The
loops follow a similar pattern to that of other Branchiopoda.
From the canal the loop leads ventrally, then back dorsally to a
position between the dorsal end of the mandible and the heart so
that the bend lies adjacent to the alimentary canal in the region
of the posterior rotator muscle of the mandible, then ventrally
again following; the posterior edge of the previous loop until it
®eets the canal, when it turns anteriorly and downwards to loop
again to the level of the canal, then becoming more medial and
antering the urinary bladder, Claus (1975) describes these as
inner loop, outer loop, near loop and end loop; while Klotzsche

(1910) refers to the first three bends as the main loop and the
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remainder as the secondary loop. The most satisfactory method

seems to be to number them I, TI, TII, IV, V, and VI, as
Klotzsche does on his diagram.

In both the canal and the loops the cells of the wall are
large and thin (Plate 20; Plate 21; mxl). The cytoplasm has
little affinity for Heidenhain's Iron haematoxylin and does not
contain granules. The cells are larger than those forming the
wall of the end sac and those on the internal side of the loop
appear slightly taller, or thicker, than those in the external
side of the loop. Surrounding the greater part of the excretoiy
organ but particularly noticeable between the loops is a
trabecular connective tissue which forms blood sinuses.

The urinary bladder.

This is sometimes referred to as the vesicle. It is a con-
tinuation of the last loop, VI, slightly enlarged and passes
median to the end sac. The cells of the wall are similar to
those of the loop with the addition of several deeply staining

cells containing small dark granules. These cells are against

the outer surface of the wall.

The excretory duct.
This also is sometimes referred to as the vesicle. It is a

straight narrow duct of even diameter with a thin wall of cells
similar to those of the loops. It is situated between the end
Sac and the ventral septum. It leads to the opening of the

Hand the position of which has previously been in doubt but which
sccups (Plate 21, ed) on the base of the second thoracic
A sppendage (t2), a”“di*t pppos*“te the\mandible (md).



Plate 21.

Photomicrograph of a horizontal longitudinal section
through the region of the mandible and maxilla showing
part of the maxillary gland loops(mxl) and the region
of the opening of the excretory duct(ed). cf,carapace
fold; fc,fat cell; md,mandible; mdmu,rotator muscle

of mandible; mu,muscle; smdmu,small mandibular musdles;

t.2,second thoracic appendage.
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The antennary nlsncl.

The application of vital stains shows a small area of cells
which is generally assumed to he the rudimentary end sac of the
antennary gland. It lies in the region of the anterior flexure
of the alimentary canal at about the same level as the“base of
the second antenna. In sectioned animals it is extremely
difficult to distinguish but is usually found as a cluster of
about four cells which may be grouped into the form of a
rudimentary sac (Pig, 129, a.S.gl). Tiie cells show little
affinity for stains and are highly vacuolated. They contain

a number of granules. They are irregular in outline. Similar
cells were described by Klotzsche as the end sac of the antennary
gland.  The cells are sometimes not unlike the fat cells which
are found throughout the body”“"xca” ktaX/.

Function.

The excretory function of the maxillary gland of Daphnia was
first indicated by Metschnikoff and Kowalevsky (1890) who fed
different Phyllopoda with carmine suspensions and found that the
end sac of the maxillary gland was stained with the carmine, A
similar result was obtained with litmus, the end sac turning red.
The loops, however, were not stained. Further work was carried
out by Bruntz (1903) who confirmed their ideas by sections. A
series of investigations using vital stains was undertaken by

Gicklhom (1851, a and c¢) and Gicklhom and Keller (1925)
following the earlier paper by Fischel (1908) in which the author

shown two organs in Danhna masna not other\7lse seen, namely
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Figure 129. Transverse section through a fifth instar
Danhnia mama in the region of the second antenna(a. 2)

showing the antennary gland (a.2gl) consisting of a
small thin-walled end sac. me, mesenteron; mu, muscle.

Freehand drawing.
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the end sacs of the two excretory organs, Gicklhom's vital

staining showed different reactions in different regions of the
loops, indicating differences in function. He concluded that
in addition to an early phase of excretion there is also a later
phase of resorption, both confined to anatomically distinct
parts. Giclclhorn’s work was continued by Sturm (1936) using
fluorescent dyes, which showed that only the maxillary gland
and the midgut caeca fluoresce. Similar investigations were
carried out by Keller and Pisho (1947). Fischel found very
variable reactions to his stains, and Klotzsche suggests that
this is due to different physiological states of the gland.
Occasionally the loops of one of the maxillary glands are
coloured red to the presence of oxyhaemoglobin in the lumen
(Pox, 1948). According to Smaridge (1954), when haemoglobin is
being lost from the blood of Daphnia magna, inorganic iron
accumulates in the maxillary glands. She that iron
is excreted from the walls of the loops into the lumen and from
there passes through the urinary bladder lumen out of the body.
It has been suggested, for example by Bruntz (1905) and
Gicklhom (1931, a), that nephrocytes are sometimes found in the
body but it seems likely that these are fat cells. Nephrocytes

We mentioned by iAaloeuf (1958) in a general review of excretion
in Arthropoda,
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c¢. The Labral Glands.

The labrum, or upper lip, is a large, almost club-shaped
prolongation of the ventro-posterior part of the head (Plate 18,1)
extending between the mandibles to the region of the maxillae.
It ends posteriorly in a narrov/ flap or lobe. In the living
animal it is seen to contain two pairs of dense, pale yellow
glands, the distal labral glands (Plate 22, dlgl). With these
is associated a row of enlarged cells (plgl) present on each
side along the postero-lateral margin of the head. These are
the proximal labral glands.

An early account of the labral glands of Daphnia is that
of Claus (1876), follo'wed in 1913 by that of Klotzsche. An
account of other early workers is given in the comprehensive
paper by Cannon (1922).

The proximal nroup.

The row of proximal cells (Plate 22, plgl) extends in a line of
almost even width on either side of the head fromi immediately
posterior and dorsal to the ganglion of the first antenna (a.l),
dorsally and then dorso-posteriorly to a point just dorsal and
lateral to the stomodaeuia (st). Tlie two sides of the proximal
labral gland lie close together. Their anterior extension in
particular is slightly different from that described by Cannon
(1922) for Cimoceuhalus vetulus. and is considerably beyond the
boundary of the labrum. The single row (Plate 23; Plate 24,plgl)
consists of epidermal cells of various Mights, tending to be

bailer dorsally. The inner edges of the cells are uneven,

"te cells are highly vacuolated especially in the outer part of
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Photomicrograph of the anterior region of an adult
Daphnia magna showing the positions of the proximal
(plgl) and distal(dlgl) 1labral glands, a.l,antennuie;
a.2,second antenna; a.2mu,muscle of second antenna;
b,brain; bs,branchial sac; cf,carapace fold;
e,compound eye; 1l,labr.nm; me,caecum of mesenteron;
mdmu ,mandibular muscle; me mesenteron; oc,ocellus;

06»optic ganglion; ro,rostrum; st,stomodaeum.



Plate 23.

Photomicrograph of a horizontal longitudinal section
through the anterior region showing the junction of
the proximal (plgl) and distal (adlgl) 1labral glands
and also the second pair of distal labral glands (pdlgl).

l1$labrum; nu,nucleus; oc,ocellus.
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Fhotomicrog”apb. of a horizontal longitudinal section
tlirough the anterior region showing the labrum(1l)
with distal labral gland cell(dlgl) containing a
large nucleus (nu). me,caecum of mesenteron;

pPlgl,proximal labral gland.-
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the cell end the vacuoles tend to obscure the boundaries betiveen
the cells. The cells contain numerous darkly staining granules
of about the same size as the nucleolus. Cannon found that in
S. vetulus the nuclei of these cells were several times larger
than those of the nen”e and muscle cells. This is also true to
a less marked extent in Danlinia magna. The group consists of
about 25 to 50 cells, in S. vetulus there are about 20, There
is no duct to the oesophagus; such a duct was described by
Claus (1876) but denied by Cimnington (1905) and Cannon, There
appears to be no special nerve to the proximal group of gland
cells although the nerve to the first antenna passes extremely
close to the cells.

The distal p:roun.

The distal group of labral gland cells (Plate 25, dlgl) is
connected with the proximal group (plgl) ventral to the brain.
The group consists of five cells on each side, four large gland
cells and one duct cell. The gland cells are arranged as
anterior (adlgl) and posterior (pdlgl) pairs, with the duct cell
attached to the posterior pair. The anterior and posterior
pairs are connected by a thin protoplasmic strand. The anterior
pair is situated (Plate 22, adlgl) in the base of the labrum,
ventral to the storaodaecum (st), and posteriorly extends into the
labrum (1) to about the level of the labral levator muscle. The
two anterior pairs are partially separated by the oesophagus,

The posterior pair (Plate 25, pdlgl) is situated towards the tip
the labrum, at the posterior end of the broader portion of

the labrum and behind the level of the mouth. One of the two
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cells is slightly posterior to the other.

The cells of both pairs contain large spheroidal nuclei
(Plate 24; Plate 25; nu). None of the nuclei appear cirp-shaped
although in Simocephalus vetulus. Cunnington described them all
as cup-shaped and Cannon the posterior pair. In Daphnla mauna
the nuclei are considerably larger than those of the proximal
gland cells, the reverse is true in S, vetulus. The chromatin
of the nucleus is scattered in large irregular clumps which are
very conspicuous and stain deeply with Heidenhain's Iron haema-
toxylin.  The cytoplasm of the cells also stains deeply and
contains a number of small granules. The cytoplasm contains
vacuoles v/hich are slightly more opaque than those in the proximal
group, a difference found also by Cannon. There is a peripheral
area of cytoplasm which, although not distinctly demarcated, does
not contain vacuoles and is slightly denser.

Between the anterior pair of distal gland cells there is
a group of vacuoles forming an ill-defined reservoir, a similar
reservoir was found by Cannon in Simocephalus.  This reservoir
is not continued into the thin protoplasmic strand connecting the
anterior and posterior pairs of gland cells which however contains
a few vacuoles which may serve to pass the secretion through this
area.  Between the posterior pair of cells is a slightly better-
defined reservoir (Plate 25, res) with a number of vacuoles
surrounding it. This reservoir corresponds to one found in

llaocephning but is not quite so well-defined. The duct cell
Toms a tube leading from this reservoir to open near the tip of

labrum, immediately in front of the terminal lobe and
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Hate 25* Photoiaicrograph of a vertical longitudinal section
through the labral region showing a pair of posterior
distal labral gland cells(pdlgl) each with a large
nucleus (nu) and enclosing between them a reservoir (res)
adlgl,anterior distal 1labral gland; Imu,labral muscle;
md,mandible; mo,mouth; plgl,proximal labral gland,

8t,8tomodaeum.
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slightly dorsally. The cytoplasm of this cell does not stain

as deeply as th9t of the gland cells and contains no vacuoles.
There is a small nucleus which does not stain as deeply as that
of the gland cells. Cannon found a granular coaguluia in the
reservoir which stained differently with Mallory's Triple stain
from a similar coagulum found in the lumen of the duct cell.

e suggested that the duct cell changed the nature of the
secretion. With Heidenliain's Iron haematoxylin no change in
staining reaction has been noted.

No nerve has been identified leading to the distal group
of labral gland cells. The nerve to the first antenna passes
close to the anterior pair of cells and the anterior end of this
pair of cells lies Immediately against the posterior part of the
brain'. It is possible that a nerve connection occurs in this
region. Cannon found a nerve to the anterior pair of cells
coming off the nerve to the first antenna. The antennular
nerve in Danhnia is smaller tlian that in Simocephalus as
Illustrated by Cannon,

Function.

The function of the labral glands has been described by Cannon,
They secrete a substance which is added to the food particles as
they pass collect between the mandibles and maxillae. This
secretion does not contain mucin.

As in Simocephalus the two groups of cells are definitely
connected but it seems that the proximal group is less well

developed than in Simoceplialus. The posterior end of the
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proximal group meets the anterior end of the distal group, and.

the cells show similarity in structure.
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d. The Reproductive System.

Female.

There have been several earlier descriptions of the
reproductive system of the female, which is not surprising since
the system is both interesting and easy to observe. A
description is given by Claus (1876) of the development and growth
of the two kinds of eggs, followed in 1877 by a description by
Weismonn.  Later von Scharfenberg (1910-11)"ives a further
description and disagrees with some of Weismann's views.  More
recently Baldass (1942), in his account of the development of the

egg of Daphnia pulex. includes a description of the formation of

the egg in the ovaiy.

The ovaries form long rods lying on either side of the
alimentary canal (Plate 17, ov). They extend, in the adult, from
the level of tlie first thoracic appendage and the end sac of the
maxillary gland to just past the posterior edge of the fifth
thoracic appendage, that is almost to the end of the horizontal
part of the mesenteron before it bends downwards into the abdomen.
The posterior end of the ovary is difficult to distinguish in the
living animal as it lacks the greenish yolk so prominent in the
remainder of the ovary. This posterior colourless area (Plate
26, ov) is composed of small slightly flattened cells'which
gradually increase in size towards the anterior. They comprise
ihe germinal part of the ovary from which the cells are formed
into groups of four (Plate 27, ov) and proceed to the anterior

Part of the ovary, sometimes referred to as the egg-container

(Plate 28, ov). The egg-container forms the greater part of
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Photomicrorraph of a vertical longitudinal section
showing the posterior germinal region of the ovary (ov)
coiaposed of small cells# f£fc,fat cells;

me ,mesenteron#
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Photomicrograph of a horizontal longitudinal section
towards the posterior end of the body showing the
posterior germinal part of the ovary and the more
anterior groups of four-cells(ov). fc,fat cell;

me ,mesenteron; mu,muscle; rs,receptaculuin seminis.
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Hate 28. Photomicrograph of a vertical longitudinal section

showing the four-cell groups in the ovary(ov).
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the ovary and is filled with developing eggs, all being at the

same stage of development. It is usually possible to distinguish
the individual eggs even in the living animal. The eggs are of
irregular shape, filled with greenish yolk globules and cytoplasm
but containing also a number of transparent spheres, the fat or
oil droplets. The number of these spheres varies from egg to
egg. It is not possible to see nuclei in the living ovary
although they are seen distinctly in whole mounts and sections.
The eggs usually fill the whole of this part of the ovary, but
when there are only about two eggs present these do not
necessarily meet each other, although their ends are attenuated
instead of rounded as when packed together. The area not filled
by these eggs, and the ovary immediately after the release of a
brood of eggs into the brood pouch is composed of collapsed
vesicular tissue.

The oviduct is not visible in the living animal. I'ts
position is indicated when the eggs are being laid into the brood
pouch. They are squeezed through a very narrow short duct which
leads from the postero-dorsal corner of the ovary to open some-
what laterally into the brood pouch just anterior to the median
dorsal process which closes off the posterior end of the brood
pouch. The anterior end of the ovary is blind.

Mduct and Receutaculum seminis.

Leading posteriorly from the ovary is a long, thin, straight

miube, or duct (Plate 29; Plate 50; Plate 51; rs), which extends

from the germinal part of the ovary to open near the prominent

dorsal process which closes the posterior end of the brood pouch.



Plate 29 .
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Photomicrograph of a horizontal longitudinal section
showing the receptaculum seminis(rs) leading from
the posterior end of the ovary(ov) to open close

to the dorsal processes at the posterior end of the

brood pouch, cf,carapace fold; me mesenteron.
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Plate 30 . Photomicrograph of a horizontal longitudinal
section showing the receptaculum seminis (rs)

and the posterior end of the ovary(ov). fc,fat cell;

me mesenteron.



Plate 31.

Photomicrograph of a horizontal longitudinal
section showing the open receptaculum. seminis(rs)
leading from the posterior end of the ovary(ov).

fc,fat cell; me,mesenteron; mu,muscle.
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The wall of this tube is one cell thick, and the cells are almost
square when cut in a longitudinal section of the animal. They
do not stain deeply and have small nuclei. The duct turns
slightly outward just before it opens and there appears to be a
small thickening or rim around the opening. This duct is
comparable to that described by Weismann in other Cladocera as
the vesicula seminalis, although in the female the term should be
receptaculum seminis. No such structure has previously been
described for Danhnia. It appears to open too far posteriorly
to be the oviduct and also is greater in length than observation
of the passage of the eggs through the oviduct into the brood
pouch indicates. The only indication of an oviduct is a very
short membranous tube occasionally distinguishable with difficulty
leading vertically dorsalwards from the posterior end of the
ovary. This is seldom convincingly present and probably
collapses to a thin strand except during the actual laying of the
eggs. Observations of the process of laying suggest that the
oviduct leads vertically dorsalwards from the anterior part of
the germinal region of the ovary. This would allow the eggs to
leave the ovary without pushing past the compact germinal cells,
the receptaculum seminis leading to the posterior end of the
germinal region.  Attempts to fix an adult in the process of
®g“laying have proved unsatisfactory.

fosculntnrff.

Ho muscles have been described in relation to the reproductive

organs. Muscles present close to the ovary and oviduct are the

'lorsal longitudinal muscles but there do not seem to be any
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muscles actually connected with the reproductive organs except

small muscles by the receptaculum seminis (Plate 51, mu). There
is a possibility that the wall of the ovary possesses an intrinsic
contractibility such as that described by Imms (1948) for insects.
The only structures visible in the wall of the ovary are extremely

fine plasma strands, the wall of the ovary being extremely thin
(Plate 28).

The formation of the egpt.

The parthenogenetic egg.

From the posterior germinal region of the ovary with small cells
containing small nuclei, are formed a series of cells which pass
anteriorly passing along the side of the ovary away from the
alimentary canal. They eventually traverse the whole length of
the ovary so that when the previous brood of eggs has been laid
into the brood pouch the ovary consists of a mass of cells in
front of the germinal region. These cells increase slightly in
size towards the anterior end. They are arranged in groups of
four, the four cells of each group usually being aligned one
behind the other along the length of the ovary. Each cell con-
tains a large nucleus with a large central nucleolus surrounded
by a clear area containing chromatin threads and peripheral
chromatin granules. The cytoplasm of the cell is of even gran-
ulation and does not stain deeply. All the four-cell groups in
front of the germinal region develop together. They do not
extend into the very anterior tip of the ovary which has a
Vesicular appearance, the extent of which varies according to

e number of developing eggs.
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Usually the ventral, or posterior, groups of cells begin to
develop first. As they start to develop, all four cells of
each group begin to grow in size and to accumulate yolk and fat.
The first differentiation between the cells occurs when the third
cell in each group counting from the germinal end begins to grow
larger than the other three and its nucleolus also becomes larger.
This third cell, the future egg cell of each group, then under-
goes further changes. A number of oil droplets appear in the
cytoplasm and the accumulation of parthenogenetic yolk increases.
The structure of the nucleus of the egg cell changes. First it
grows, and then growth stops and the nucleolus disintegrates,
concealing the chromatin fibres. The nucleus is towards the
middle of the yolk mass. The egg cell absorbs nourishment from
the other three cells of the group, which are thus the food cells.
The latter diminish in size and their nucleoli disintegrate to
leave only remnants of chromatin iOflhi>v the plasma. The plasma
of the food cells appears to be dissolved and absorbed by the
egg cell. The vesicular tissue of the ovary probably plays an
Important role in the provision of nutritive material to the eggs.
(Claus (1876) believed that it converted the fluid nutritive
material to the yolk and fat found in the eggs. Weismann (1877)

stated that the fat separates from the blood first into
connective tissue, identifiable with the fat cells, and then is
farther dissolved and separated for the egg cell. As well as

deriving nourishment from the food cells, it has been suggested

“bat the egg cell may be provided with nutritive material from
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the tissue surrounding the ovary, especially where the cell is
directly against the wall of the alimentary canal. The egg cell
now consists of a mass of yolk surrounded by a thin plasma and
with several fat droplets which fuse to give one or two spheres.
The nucleus moves towards the periphery of the cell. Here it
undergoes a ripening division which is an equation division since
the chromosome number remains the same (Baldass, 1942; Mortimer,
1956). At this time the egg passes over into the brood pouch.
The oil droplets are on the side of the egg next to the alimentary
canal as are also the remains of the food cells. During the
growth of the egg cells the germinal region of the ovary has been
producing new groups of cells from the region opposite to the
alimentary canal.

Eventually the egg cells grow to such an extent that they
appear to fuse, their boundaries becoming indistinct so that the
ovary has the appearance of a sausage-shaped mass filled with
yolk composed of greenish spheres.

After the exit of the eggs from the ovary into the brood
pouch, a number of finely granular plasma balls remain in the
vesicular tissue. These are the remnants of the food cells.
Occasionally they accompany the eggs into the brood pouch.

This account shows that from germinal region of the ovary to
tbe brood pouch takes three moults. During the first the cells
are produced by the germinal part of the ovary and move gradually
anteriorly; during the second the differentiation and ripening

the egg cells takes place; while at the beginning of the third

nnult the eggs pass over into the brood pouch. The influence
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of food conditions and other environmental factors will thus
require at least two moults to affect the number of eggs.

The enhinnial etm.

The ephippial egg may be formed at any time of the year and the
same animal may produce either parthenogenetic or ephippial eggs.
In Danlinia magna only two ephippial eggs are produced at a time,
one from each ovary. The difference is easily discernible in
the ovary when ephippial eggs are being formed instead of
parthenogenetic eggs, the ovary appearing dark, being filled with
opaque, dense, finely granular yolk (Plate 32; Plate 53; ov).

The darkening appears first near the germinal area as patches of
yolk form in the cells. The yolk formation progresses anteriorly
until the whole ovary becomes dark. The ephippial eggs appear

to develop from a fixed position situated posteriorly and ventraUy
in the ovary, at about the level of the fifth thoracic appendage.
Weismann suggested that the position was fixed only by the
necessity for secondary food cells in front of the ephippial egg
to assist the primary food cells in the provision of nourishment.
But these ideas were attacked by von Scharfenberg (1910-11) on

the grounds that the ephippial egg always developed at exactly

the same place, never more dorsally or slightly more anteriorly

or laterally. As with the parthenogenetic eggs, the ephippial
oggs are formed frcmi four-cell groups but in this case two such
four-cell groups, one behind the other, form one egg. The
anterior is the larger of the two groups. Within this anterior |

group it is soon possible to recognise the future egg cell as it |

begins to grow larger than the other cells. Both groups of
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Piiotomicrograph of a transverse section through
an adult Daplinia magna which is producing ephippial
eggs showing the darkly-staining, dense yolk of
the ephippial eggs in the ovary(ov). a.2 ,second
antenna; bs,branchial sac; cemu,adductor muscle of
carapace; cf,carapace fold; dm,dorsal longitudinal

muscles, fc,fat cell, me,mesenteron; t,thoracic

appendage®*
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Photomicrograph of a transverse section through

an adult Daphnia magna which is producing ephippial
eggs showing one of the ovaries(ov) containing an
ephippial egg which has fat droplets(od) and small
adjacent food cells(foc). me mesenteron;

ptm,peritrophic membrane $
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four cells increase in size and extend forwards, although the
anterior remains the larger. The formation of yolk begins first
in the anterior group, involving the deposition of small dark
granules, smaller in size than those found in the parthenogenetic
egg. Baldass (1942) found no fat droplets in the ephippial eggs
of Danhnia nulex. but vacuoles of fat have been observed to occur
in the ephippial eggs of D. mama while they are being formed in
the ovary (Plate 55, od). The third cell of the anterior group
becomes the egg cell, accumulating yolk and ripening as in the
parthenogenetic egg. The three other cells of the anterior
group are absorbed, functioning as food cells, as are all four
cells of the posterior group (Plate 53, foe). Usually the third
cell of the posterior group has also grown slightly larger than
the others of its group, but like them it is resorbed and
functions as a food cell. Sometimes more than one extra four-
cell group starts to develop to be later used as food cells.
Weismonn believed that these extra four-cell groups which begin
to develop are prospective parthenogenetic eggs which are used by
the ephippial eggs; also that resorption of cells takes place
from anterior to posterior, the dissolution of the first food
cells taking place at the same time as thebeginning of the
separation of the yolk in the egg cell. The primary food cells
enlarge before they are resorbed. Further development is

similar to that of the parthenogenetic egg. The ephippial egg
extends forwards until it fills approximately half of the ovary,
the anterior half of the latter being composed of vesicular tissue. |

%arently this vesicular tissue has a function similar to that [
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in the production of parthenogenetic eggs, it provides nourish-
ment. By the end of development of the ephippial egg, the
yolky egg fills the greater part of the ovary and the nucleus
moves towards the periphery of the cell. The ephippial eggs
are nearly always fertilised and two polar bodies formed.
Baldass believed that the ephippial egg was only laid into the
brood pouch if it had been successfully fertilised. This cannot
always be the case since arctic populations have been found in
which ephippial eggs are produced and successfully hatch without
the presence of males (Banta, 1926; Schrader, 1926; Edmondson,
1955, see later section). The eggs pass into the brood pouch
immediately after copulation. Descriptions of copulation have
been given by von Scharfenberg (1910-11) and Gravier (1951).

At the same time as the ephippial eggs have been developing
the germinal layer has been giving off new groups of cells.

With the formation of ephippial eggs in the ovary, the
brood pouch develops an ephippium (p.l100O ).

There appears to be an initial period during which both
kinds of eggs start to develop, the parthenogenetic and the
ephippial.  Under certain conditions the ephippial cell group
gains dominance over the surrounding cells which it absorbs.

In other cases the ephippial cell group stops developing and
parthenogenetic eggs are formed. These are referred to as
abortive ephippial cell groups, a slight darkening beginning in

“be neighbourhood of the germinal area, later clearing.

Early workers could not find the testes which were first
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described by Lubbock (1857) andtk*-*. years later by Leydig (1860).
y y Leydig

Claus (1876) refers principally to the sperm. Brief
descriptions of the testes are included by Chambers (1915),
Taylor (1915) and Mortimer (1956) in their accounts of
spermatogenesis,

Tlie testes of the male occupy a similar position to the
ovaries of the female on either side of the mesenteron. Each
testis is branched at its anterior end, while posteriorly it is
continued as the vas deferens. In the early instar male the
testis (Fig.150, te) is composed of irregular cells of uniform
size and with granular cytoplasm. The adult testis (Fig.151;
Pig.152; te) has an outer wall of large, loosely arranged cells
surrounding an inner non-cellular lumen filled with a trabecular
mesh. 'The spermatogonia develop in the cells of the wall of the
testis and are discharged into the lumen. In the mature male
the lumen of the testis is usually filled with spermatozoa, the
walls of the testis being very thin. There are also a number of
"giant cells" in the wall of the testis. They are several times
the diameter of the other cells and have large nucleoli. These
cells change little during the life of the animal.

A description of spermatogenesis has been given by
Mortimer (1956) and also by Chambers (1915) and by Taylor (1915),
The sperm are at first round, later elongate and have conspicuous
chromatin.

Each vas deferens opens on the dorsal side of the abdomen
close to the caudal furce. It terminates on a papilla and has a

small muscle.



Figure 150. Vertical longitudinal section through a first instar
male Danhnia magna showing the testis (te) and
adjacent fat cells (fc). The cells of the testis

are almost uniform in size, me, mesenteron.
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e. The Circulatory System.

The circulatory system is composed of the heart together
with blood spaces defined by septa or membranes.

An early description is that of Claus (1876). He describes
the heart vrall, composed of muscle cells together with an intima,
and gives an almost completely accurate account of the circulation.
Glaus was followed by Hérouard (1905) who gives a more complete
description of the septa enabling him to give a more exact account
of the course of the flow of blood as it passes through the
maxillary region. Otherwise his account of the circulation is
similar to that of Claus. A description of the muscular wall of
the heart is given by Binder (1952), and of the septa in relation
to the distribution of fat cells by JSger (1955). )

The heart.

The heart (Fig. 155, he) is situated immediately anterior to the
brood pouch (br) and between the alimentary canal (me) and the
dorsal surface. In front of it lie the muscles of the second
antenna (a.2 mu). It has a single pair of ostia (os), one on
either side of the heart. The ostia are slightly closer to the
dorsal side of the heart than the ventral. The heart is a
single sac-like organ, approximately ellipsoid in shape with

rounded ends and slightly constricted in the middle in the region

of the ostia.

The wall of the heart consists of a layer of fusiform
fiuscle stretched dorso-ventrally together with an area of longi-

bidinal muscle. The longitudinal muscle is internal to the

dorso-ventral or transverse muscle and is present in the dorsal



Figure 155. Diagram from a living adult Daplmia magna showing
the heart (he) with one of the ostia (os), circular
muscles and a very short anterior aorta.
a.2mu, muscle of second antenna; hr, brood pouch;
ds, dorsal septum, mdmu, muscle of mandible;

me, mesenteron. Freehand drawing.
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and ventral parts of the heart (Plate 54; Plate 55; Ihemn).

These longitudinal muscles are not mentioned either by Hérouard
(1905) or by Binder (1952), They are a separate layer and not
a deflection of the transverse fibres. The transverse fibres
converge towards the pentre dorsally and ventrally owing to the
shape of the heart. At the two points of convergence the wall
is slightly thickened”in part by tendinous material® and this
thickening remains in position when the heart contracts. From
the ventral thickening a number of trabeculae extend to the dorsal
septum (Plate 54, ds). During the systole the ventral thickening
mapproaches the dorsal and the heart is also shortened, possibly

to contraction of the longitudinal muscles.

The muscle cells have a predominance of contractile fibres
in the outer part of the cell and of protoplasm in the vinner part

There is no intima although one was mentioned by
Claus, The muscle fibres show a fine cross striation and are
apparently usually in pairs (Plate 56, he). They are surrounded
by protoplasm, very thin on the outside, thicker on the inner
side. The nuclei of the cells form a slightly curved row.
(Qaus suggested that in the larger species of Daphnia. such as
“aphnia maraia. the muscular wall of the heart was composed of two
bands of cells lying together and probably formed by the division
a single row. This is possibly in agreement with the

observation that the fibres appear to lie in pairs.

The edges of the ostia have grown out to form a small rim,
inner lip is very narrow.

%e heart is suspended in the pericardial cavity (pé.



Plate 34.
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Photomicrograph of a vertical longitudinal section

showing the heart (he) with longitudinal muscle (lhemu)

dorsally and ventrally. ds,dorsal septum;

me mesenteron; ptm,peritrophic membrane.
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Plate 35 ¢ Photomicrograph of a horizontal longitudinal
section showing circular (chemu) and longitudinal
(1 emi.) muncles of the heart, a.2 mu,muscle of

the second antenna; fc,fat cell; me mesenteron.



Plate 36. Photoioicrograph of a horizontal longitudinal
section showing the wall of the heart (he)
composed of pairs of muscle fibres, a.2 mu,muscle

of second antenna; fc,fat cell; pe  pericardium.
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Dorsally it is attached to the hypodermis, and ventrally connected
to the dorsal septmn by a group of fine trabeculae. The dorsal
septum is immediately dorsal to the alimentary canal and forms
the ventral wall of the pericardium. The pulsations of the
heart impart to it an oscillatory movement which helps to propel
the blood towards the general body cavity.

From the anterior end of the heart leads a very short wide
aorta (Fig. 155) formed of thin walls. It is equiva-
lent to an anterior narrowing of the heart without the muscle
fibres, and is situated in the region of the rotator muscles of
the mandibles. The dorsal wall is slightly the longer and at
its anterior end turns slightly dorsalwards. The aorta pulsates
in synchronization with the heart beat.

The mode of action of the heart.

Areview of the previous work on the mode of action of the heart
of Arthropods was published in 1952 by Krijgsman. In it are
summarised the results of various pharmacological experiments on
the Daphnia heart which have led to the classification of the
heart of Daphnia as myogenic. @ Acetylcholine probably has a
slowing action on the heart, as also “*anticholinesterases and
higitalin. The action of adrenalin is doubtful, and in this
respect it should be noted that the results of Lévy (1927) are
®&m to doubt since both Obreshkove and Fraser (1940) and Hoshi
(1951,b) found that the modified Ringer solution used by Lévy
prevented the development of eggs. Recently Fldckiger (1951,

"t mentioned by Krijgsman) has found that adrenalin increases the

heart rate. Needham (1950) concluded that the heart of Daphnia
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was myogenic, with cardiac activity outlasting all other movement

except that of the alimentary canal. He pointed out that it is
not necessary to conclude that a myogenic heart is devoid of
nerve cells; Prosser (1942) had also concluded that the heart of
Daplmia i& probably myogenic but innervated; Bekker and
Krijgsman (1951) reported it myogenic with extra-cardiac
inhibitory nerves. It is probable that the heart of Daphnia
resembles that of vertebrates more than the heart of Malacostraca.
In 1952, Fliickiger and Fliick fed D. lonnispina with pure starch
ad found modification of the heart rate, which was restored to
nomal by the application of aneurine. Fliuckiger (1955) studied
the action of various sympathomimetic agents and of dihydroer-
gotamine on cardiac activity in D. magna and D. pulex.

The septa defining the blood spaces.

The blood spaces are defined by a series of septa: the dorsal
septum the ventral septum, the vertical septujn and the abdominal
scpom = The septa are frequently perforated hut the perforations

dnot affect the main course of the flow of blood.

The dorsal septum

Te dorsal septum is a prolongation of the ventral wall of the
pericardium (Fig. 155; Pig. 154; Plate 54; ds) and is readily visible
Tthe living animal. Its anterior border is attached to the
dorsal integument immediately in front of the heart at the

posterior edge of the head and just behind the antennal muscles.

) line of insertion is arched to give a posterior concavity.

) septum descends to the level of the alimentary canal and then

“Phes posteriorly just dorsal to the peduncle of the carapace.



figure 154. Diagram to show the course of the circulation of
the blood through the adult Daphnia marrma and the

positions of the septa, (after iMrouard). ab, abdomen;

br, brood pouch; ds, dorsal septum; he, heart;

me, mesenteron; vs, ventral septum.



155.
The dorsal septum bulges towards the heart in the region where the

trabeculae arc attached. It continues posteriorly immediately
dorsal to the alimentary canal until*terminated at the beginning
of the abdomen. In the anterior vertical region of the septum
there is an opening for the passage of the short aorta from the
heart.

The dorsal septum thus forms the anterior and ventral walls
of the pericardium. The pericardial space communicates dorso-
posteriorly with the carapace folds and ventro-posteriorly with
the dorsal cavity of the body. Laterally it is delimited by the
walls of the two deep blind anterior projections from the brood
pouch (Plate 57, apr). These pouches extend forwards to
approximately the level of the transverse mandibular muscles.
Their diameter increases posteriorly, the pericardium beccaning
narrower, until they join behind the heart to form the brood pouch.
The ventral sentum:-

The ventral septum (Pig.154) is not easily seen in the living
animal. It extends between the alimentary canal and the ventral
integument from the head region to the posterior extremity of the
thorax, behind the last thoracic appendage. Laterally it is

nnited to the hypodermis on the side of the body. At its anterior
limit the ventral septum' surrounds the stomodaeum medially,

laterally extending further foiv/ard to the region of the optic
ganglia, whence two lateral horns project to’\inser’ggn to the
"Podermis anterior to the brain and ventral to the optic ganglia.

Posterior to the stomodaeum the ventral septum lies close to the _

Central integument.  Just anterior to the mandibular region, the
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Photomicrograph of a transverse section showing
the anterior projactions(apr) from the brood
pouch, cf,carapace fold; dmu,dorsal longitudinal

muscle; me mesenteron; mu,muscle; nc,nerve cord;
pe ,pericardium; ptm,peritrophic membrane;

t,thoracic appendage.
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septa form a small compartment around some of the muscles of the
second antenna.  Posterior to the maxiliar region the septum
(Plate 57, vs) is attached medially”causing a median furrow and
delimiting a pair of ventral cavities. The cavities extend to
just dorsal to the insertion of the thoracic appendages, lateral
to the ovaries. The anterior extension of the ventral septum has
therefore divided off a cavity in the anterior region of the head.
This cavity extends into the first antennae and the labrum and
contains the brain, the oesophageal commissures, the sub-
oesophageal ganglia and part of the ventral nerve cord.

Abroad lateral flap of the ventral septum begins, anteriorly,
at the junction of the head and the thorax where the line of
insertion of the septum turns abruptly towards the dorsal surface
ad reaches almost to the dorsal septum; from here the line of
insertion is parallel to the dorsal surface for approximately the
length of the heart; it turns abruptly towards the ventral surface
again to reach the level of the fourth thoracic appendage, and then
continues posteriorly parallel to the ventral groove. This flap
circumscribes the borders of the junction of the carapace fold
i’ith the body and therefore delimits a cavity which ccmmunicates
with the cavities of the first pairs of thoracic appendages and
slso with the cavity of the carapace fold, which contains the
maxillary gland.

Posteriorly the pair of ventral cavities extend immediately
dbove thethoracic appendages and communicate with the cavities of

latter. The cavities of the two sides communicate with each

®Y only anteriorly at the level of the mouth parts and
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posteriorly in the abdomen where the septum terminates.

The vertical septum

The vertical septum (Fig.154) divides the two symmetrical cavities
formed by the ventral septum in half again longitudinally. It
extends perpendicularly from the horizontal ventral septum into
the cavity of each thoracic appendage where it ends in a prong.
The edges of the prong are attached to the hypodermis, and the tips
are attached to the base of the exopodite. Communication between
the two cavities, external and internal, formed by this septum, is
possible through the truncated area of each prong. The
communicating narrow orifice is adjacent to the branchial sac, or
epipodite, which functions in respiration.

The abdominal septum

Asmall vertical transverse membrane occurs inmediately anterior
to the posterior flexure of the alimentary canal, between the
adductor muscles of the abdomen, and attached dorsally to the
ventral wall of the mesenteron. From the lateral edges of this
septum, a pair of small extensions project posteriorly, one on
either side of the alimentary canal. The presence of the abdominal
nmenbrane was fir st mentioned by Jéger (1955), who notes that it
carries a particularly abundant accumulation of fat cells. He
slso describes two small flaps at the posterior end of the ventral
septum, the anterior one at about the level of the fifth thoracic
appendage and the posterior one at about the level of the

beginning of the abdomen.
Mestina.l Cavity.

"Iz alimentary canal and the reproductive organs are enclosed
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within a cavity formed by the dorsal and ventral septa. The

lateral walls are the hypodermis of the integument, except antero-
dorsally where this is replaced by the anterior projections of the
brood pouch.  Anteriorly the cavity encloses the internal
projection of the eye with the optic ganglia, the midgut caeca and
the anterior flexure of the alimentary canal. The more posterior
part of the cavity encloses the alimentary canal and the
reproductive organs, extending to include the rectum and ending as
an open tube. The walls of the cavity are capable of being
distended to allow increase in the size of the ovary, and in older
females there is sometimes a fold left when the eggs have just *
been laid.
Distribution of muscles within the cavities.
Individual muscles do not transverse the septa, each being entirely
within one cavity. Often the muscles lie close to a septum for
the greater part of their length. The cavity dorsal to the dorsal
septum contains the dorsal longitudinal muscles; the median, or
intestinal cavity, contains the muscles of the second antennae and
the dorso-ventral muscles of the body; the cavity ventral to the
ventral septum contains the muscles of the other appendages
together with the ventral longitudinal muscles.
Structure of the septa.

septa are formed of extremely thin, large connective tissue
oells, according to both Hérouard (1905) and JSger (1956).
Westigatioii has proved that this is probably correct although

‘ell boundaries are difficult to discern. The septa have numerous

perforations which enable communication betv/een the different
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cavities but do not alter the main flow of blood. The tracing
out of the septa is greatly facilitated by the presence of the
fat cells and their replacement cells, which tend to accumulate
on the septa. The fat cells are less numerous on the dorsal
septum and the more dorsal parts of the ventral septum. The
distribution of the muscles is also of assistance in following
the septa.

Koliman (1924) describes four different types of connective
tissue in Phyllopods, with particular reference to Anus
productus. now Leniduras anus. of which two constitute a network
between the organs and are probably related to the septa of
Daphnia.  He regards the cells as stellate and forming a meshwork
by the anastomosis of their projections. This is possibly due to
shrinkage caused by inadequate fixation.

The recent paper by Debaisieux (1964) indicates septa in
Triops cencriformis similar to those found in Daphnia and
apparently also composed of thin connective tissue cells not
forming a meshwork (see Debaisieux, Fig. 42a).

The blood.

The colour of the blood varies from colourless to light yellow to
red according to the amount of haemoglobin which varies with the
Influence of several factors (Fox, 1948; Fox et al., 1949; Fox et
al., 1951; Fox and Phear, 1955; Green, in r>ress). Tlie blood may
also occasionally be coloured green cdion)to the presence of
oarotenoids (Green, personal communication). The blood contains

ammber of small cells or corpuscles varying in quantity. The.

blood cells of Daphnia are small, about 7 -7 in diameter, amoeboid
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cells with granular cytoplasm. The amount of granulation varies.
The cells often adhere to other tissues, and since the capacity for
adhesion varies this possibly accounts for the apparent variability
in the number of the blood cells. In the case of slight injury,
the blood cells collect together to block the wound. = When swept
into the blood stream away from their temporary attaclament to other
tissues, the cells remain for a while adhering by a single process
which eventually breaks (Hardy, 1882). It is generally said that
they reproduce by direct fission (see p.2.2.1). The blood cells are
also reported to collect fat (Hardy, 1892) and JMger (1955)

believes that some of the blood cells become fat cells. The blood
cells of Arthropods are usually involved in phagocytosis and
clotting, but clotting need not necessarily occur (Maluf, 1959).
The question of phagocytic cells and their relation to the blood
cells will be discussed in the section on fat cells (p.165).
Circulation.

(h contraction of tlie heart the blood leaves by the short anterior
aorta and flows forwards between the dorsal integument and the
anterior flexure of the alimentary canal (Fig. 154). The curvature
of the head forces the flow of blood downwards between the midgut
oaeca and past the compound eye where it travels througithe space
between the stalks of the optic ganglia. Here the current

iivides into two branches. A ventral branch passes below the
ventral septum into the rostrum and the anterior part of the

Ventral cavity, bathing the first antennae, the labrum and i*he

brain, thence through the maxillary region to the two ventral

Jl
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cavities. The remainder of the blood“forms a pair of lateral
and more dorsal branches vdiich flow to the intestinal cavity by
passing the optic gan,glia.

The ventral branch continues through the ventral symmetrical
cavities and into the cavities of the thoracic appendages, the
internal and then the external section. As the blood passes
through the narrow orifice betv/een the two sections, according to
Hérouard the branchial sac acts as an extensible vesicle and gives
a new propulsion to the blood flow. The blood returns to the
ventral cavity from the first four thoracic appendages in the area
of the attachment of the carapace to the body and flows directly
into the carapace folds. It passes first along the ventral
border, then to the dorsal border and so to the pericardium.

Sme of the blood frc® the fourth and all the blood fromtlie fifth
thoracic appendages joins the blood flow from the intestinal

Cavity at the end of the ventral septum and the beginning of the
abdomen.

The intestinal current flows through the intestinalcavity,
past the alimentary canal and the genital organs, to theabdomen,
joining here the small branch from the last thoracic appendages.
In the abdomen it passes down the anterior or ventral side, then

crosses the alimentary canal and flows up the posterior or dorsal

side to pass dorsal to the dorsal septum and so to the pericardium.
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f. The Fat Cells.

Daphnia contains a number of large cells with large
characteristic nuclei and a variable amount of enclosed fat. The
fat cells may be very prominent in a living animal that has been
well fed.

An account of the fat cells of Danhnia was given in 1955 by
Jéger on whose work much of the present description is based.
Earlier Leydig (1860) had referred to the fat cells in the branchial
sacs, and Claus (1876) had also recognised their presence in the
thoracic appendages and recognised that these were fat-containing
cells which lose their fat when the animal is poorly fed.
Distribution.

The fat cells occur attached to muscles, especially wherethese

are in contact with the septa of the blood spaces. They are also
found on the muscles of the alimentary canal. They occur on both
sides of the septa themselves, with the exception of the dorsal
surface of the dorsal septum. The exception is probably due to

the narrowness of the space between the septum and the wall of the
brood pouch and the steady flow of blood through this space. The 1

fat cells are distinctly separated from the septal tissue and do

aot arise within them, ;

The distribution in general follows that of the septa. There 31
are no fat cells in the head. In the carapace folds thefat cells;
fom plates which originate from the ventral septum. In the

tborax the fat cells are found in the appendages (Plate 52, fc) in

both endopodite and epipodite, but not in the exopodite. There
is also a plate of fat cells in the lateral part of the body
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extending dorsally close to the ovary (Plate S7; Plate 50; Plate

58; fc). In the abdomen there is a plate of fat cells medially
between the adductor muscles of the abdomen and two plates on both
sides of the mesenteron, converging towards the abdominal membrane
(Plate 17, fc). The most anterior extent of the fat cells is
usually the mandibular muscle. The fat cells are especially
numerous on the ventral septum, on the abdominal septum and in the
lateral part of the body. They may also be present in large
numbers in the thoracic appendages. The degree of development of
the fat cells varies in accordance with sex, state of nutrition
and stage of the reproductive cycle of the female.

The relation of the fat cells to the ovary.

In the early stages of the development of the eggs in the ovary,
the fat cells contain abundant fat which increases with the growth
of the four-cell groups in the ovary.  With the beginning of yolk
formation in the ovary the fat in the fat cells decreases. It is
not clear how the fat gets from the fat cells to the ovary to fonn
the yolk.  Hérouard (1895) believed that the fat cells deliver
their food reserves directly to the ovary. Jéger (1955) believed
that fat transport to the ovary is probably via the blood but was
nncertain if the cells or the plasma are responsible. He pointed
out that while the fat cells are losing fat the blood cells often

ble adjacent to them.

Histology.
"Ye fat cells are individual cells which exist in various states.
%er (1955) suggests that there are two kinds of cells: small,.

‘Pindle shaped cells found distributed throughout the body; and



liate 38,

Photomicrograph, of a vertical longitudinal
section showing the group of fat cells(fc)

close to the ovary(ov).

00
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large, round cells found in the epipodites and the region of the
mandibles. Large well-fed Dauhnia have mostly the latter type
of cell, while small poorly fed Daphnia have mostly the former,

The fat cells are nearly always conspicuous cells which stain
heavily and contain a large, darkly staining nucleus and prominent
droplets of fat (Plate 21; Plate 27; Plate 50; Plate 58; fc).

The cells are basophilic. The most usual phase has a large nucleus;
containing a central nucleolus which stains intensely and is
surrounded by a hyaline area. The nucleolus may contain a vacuole
and apparently may break up into tv/o or three large chromatin
bodies. @ There may also be a number of small chromatin bodies
scattered through the hyaline area of the nucleus or accumulated
around the periphery or in a ring around the nucleolus. The
cytoplasm is moderately dense and contains one or more fat droplets;
The fat droplets are the only form of special inclusion in the

fully developed cells. They are variable in both number and size.
The largest are of approximately the same size as the hyaline
nuclear vesicle. This phase is recognised as the *fat-present*
phase.

But the fat cells do not necessarily contain fat. In the
'fat-free* phase the appearance of the cells is similar to the
'fat-present® phase except for absence or small amount of the fat.
Instead the cells contain granules which are arranged around the
gradually appearing fat droplets. As the amount of fat increases,

the granules decrease.

The fat cells store both fat and glycogen.



163,
Formation.

The fat cells are formed by resorption of yolk from the yolk cells
(p. CCO). This process is still taking place in the hatched
young. The yolk cell consists of a large quantity of yolk
surrounded by a narrow peripheral area of cytoplasm containing

the nucleus. The peripheral cytoplasm increases in extent and
the nucleus assumes the form found typically in fat cells. A
vacuole develops towards the edge of the central yolk and increases
in size at the expense of the yolk material. Refractive granules
appear in the yolk. The acidophilic region of the plasma is
surrounded by a basophilic region and the cell gradually becomes
entirely basophilic, A typical fat cell is gradually formed.
Breakdown.

ften food supplies are poor, the fat cells break down to supply
their reserve materials for the nourishment of the animal. Also,
fat is plentiful in the fat cells when the ovary contains four-
cell-groups but as yolk formation begins in the ovary the fat cells
begin to break down.

The fat cells become entirely disintegrated. The nucleus
breaks up, the nucleolus dividing into several pieces of various
shapes and sizes until the nucleus contains a collection of small
dak irregular granules. The nuclear membrane dissolves. The
fat content has decreased and continues to lessen until it
disappears. The cytoplasm of the cell stains less deeply and the
®dges of the cell curve inwards. There remains a small pale-

sialnlng cell of uneven outline with, near the centre, a large

byallne nuclear area containing a few irregularly shaped, darkly
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staining bodies. Disintegration takes place from the posterior

end of the body towards the anterior.
Replacement.
Simultaneous and adjacent to disintegration, replacement occurs.
The renewal of the fat cells takes place from blood cells and from
replacement cells (Jéger, 1935), Close to the septa, especially
in the abdomen, are found round or spindle-shaped cells whose
nuclei are of the kind typical for blood cells. These cells are
different from the usual blood cells and the change to become fat
cells is detectable. Blood cells tend to adhere to any part of
the body but will only aggregate where the circulation is slowed
down or checked, such as in the abdominal flexure. If some of
these adhering blood cells foimi fat cells, while the old fat cells
degenerate, the distribution of fat cells in the older animals
unist differ from the distribution in the younger animals, since
]the smooth septa do not retain the blood cells which will form fat
cells only where the circulation is hindered. But the
distribution in both young and old animals is similar. Further
the number of blood cells found on the septa is few, while the
mnber of fat cells found is many. It therefore appears that
there is some other element which also contributes to the
formation of fat cells, the replacement cells,

Replacement cells are elongate cells with nuclei similar to
those of the blood cells. They contain yolk spheres which become
evenly distributed lumps of yolk. The yolk is resorbed and the

>iRdes develops a distinct nucleolus. Later the nucleolus

becomes Indistinct again and the resulting cell is similar to a
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blood cell and found attached to septa but“never circulates.

When fat cells disintegrate, the nucleus of the replacement cell
ocomes to resemble that of the fat cell but the cell remains
smaller than the fat cell.

Neither the fat cells nor the replacement cells undergo
mitosis.

Chemical content.

JSger (1955), by microchemical tests, identified a number of
substances in the fat droplets. These substances are oleic acid,
sodium oleate, triolein, cholesterinoleate, stearic acid, sodium
stearate, cholesterin-stearate, tristearin, as well as lecithin,
linseed oil and linoleic acid, G allistel (1956-7) found that the
fat cells contain abundant fat and glycogen, and also that the
males contain especially abundant quantities of fat. This was
found also by Smith (1915) and is in contrast to Artemla where
Lochhead and Lochhead (1941) found that the stored fat was more
abundant in females than in males.

Haemoglobin is present in the fat cells of Dauhnia masna
(ibx, 1955), The fat cells also contain iron which is present in,
greatest quantity when the animal is losing haemoglobin (Smaridge,
1954), Smaridge suggests that the haemoglobin is broken down in
bhe fat cells, and this is supported by the work of Green (1955),

fbe fat cells also contain carotenoids.

fk&ocvtes.

The occurrence of phagocytosis in Dauhnia maena infected with

spores of the fungus Monospora bicusuidata was observed by
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Hetschnlkoff in 1884. From his observations Metsctinikoff

developed his well known views on resistance to disease. In
cases of infection by fungal spores, a number of blood cells were
observed to cling to each spore. In addition to the blood cells,
Hetschnlkoff noted that the only cells which attacked and ingested
the spores were isolated connective tissue cells. Later Brunts
(1905), as a result of experiments with injected dyes, suggested
that there were two elements responsible for phagocytosis, the
blood cells and a number of phagocytic cells very much larger than
the blood cells. These phagocytic cells were most numerous in
the head and thorax, and later in the heart and pericardium. In
the limbs they were present only in the endopodite and epipodite
(as are the fat cells). The dyes collected in drops within the
cells. Bruntz*s work is referred to by Kollman (1924), who
mentions that the phagocytic cells contain vacuoles, spheres and
sometimes crystals. JSger (1935) regards all large connective
tissue cells as fat cells in various phases, and the fat cells as
Capable of displaying phagocytosis. , However fat cells do not
occur in the head, whereas according to Brunts phagocytic cells

are numerous in the head. This may mean that fat cells are able
o enter the head if phagocytosis is necessary there. In Artemia.
bochhead and Lochhead (1941) suggest that the various terms, fat
oells, nephrocytes, nephro-phagocytes and phagocytes have all been
applied to one type of cell for which they propose the term,
phagocytic storage cells. The fat cells of Danhnia appear to be
comparable at least functionally.



167.
g Respiration.

As in many other small aquatic arthropods, respiration takes
place through the general integument and also by means of the
branchiae, or branchial sacs.

An early description of the structure of the branchial sacs
Is given by Claus (1876), followed by that of Fiedler (1908),
Reactions to vital stains v/ere examined by Fischel (1908) and
Gicklhom and Keller (1925), Lochhead (1950) also makes some
original observations on the epipodites.

Te branchial sacs.

The branchial sacs are the epipodites of the thoracic appendages.
They occur on the external side and towards the proximal end of all
the thoracic appendages (Plate 17, bs). The line of epipodites
slants dorso-posteriorly, so that the first is the most ventral or
furthest from the food groove. The epipodites are approximately
021 nm by 0,14 mm, that is slightly larger than the compound eye.
The second, third and fourth epipodites are heart-shaped (Fig.155);
the first is longer and narrower but with a similar indentation at
its proximal end; the fifth is shorter and broader with a slightly °¢
different form of indentation at the proximal end. This arrange-
nat led Claus (1876) to say that the first four are heart-shaped,
the fifth not, referring to proximal indentation, while Lochhead
(1930) declares that the last four are heart-shaped, the first not,
referring to shape. The first epipodite is placed on the thoracic
‘PPenciage at a slightly different angle.  The epipodites show a

strong affinity for a number of stains, such as haematoxylln,

cellular wall is thicker than that of the remainder of the
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Figure 155. Diagrams showing the shapes of the branchial sacs
of the thoracic appendages. 1-5, first - fifth

branchial sacs.
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appendages (Plate 52, bs). In very old animals the epipodites
sometimes appear blocked.

Histolorv of the branchialsacs.

Clans (1876) described thecells of the spipodite wall as large
with relatively small nuclei surrounded by a large number of 'small
particles mostly in irregular denticular figures. The edge of
the cells is irregular anduneven. In 1908, Fiedler described
two types of cell. The first werelarge epithelial cells with
wavy edges and granular contents. The nuclei were large, usually
oval and stained deeply, containing a small nucleolus. The plasma
contained perpendicular fibres in rod-shaped bundles tov/ards the
surface.  In the second type of cell, the nuclei were generally
smaller and usually round, the nucleolus being long and with an
irregular outline. The plasma structure varied, but contained
sone fibres in thin platelets parallel to the cell boundary.
Fiedler stated that the two tjipes of cell were separated'by a
hroad intercellular space. The cells of the second type did not
touch each other, always being separated by three or four cells of
the first type, Gicklhom and Keller (1925), from their work
with vital stains, distinguished the cells as "Netmaschen" and
"Netzlflcken”.

Nj studv of the cells of the wall of the epipodite has led to
adifferent interpretation of their nature. Sections show two
apparently different kinds of cells. The first (Fig.156,(a) ,(b),
(d),2; Plate 59,bs) stain with a slightly bluish tinge with

Seidenhain's Iron haematoxylin, and contain coarse granules not

densely crowded. @ The nucleus may be oval and has granular
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Vertical longitudinal section through a branchial
sac showinf? cells in the first (1), second (2) and
third (5; phases and also in a phase between the
first and tlie second (1-2).

Vertical longitudinal section through a branchial
sac blowing' cells in the first (1) and second (2)

phases.

Vertical longitudinal section through a branchial
sac showing cells in the fourth (4) phase,

Vertical longitudinal section through a branchial
sac showing cells in the first (1) and second (2)
phases.
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Hate 39* Photomicrograph of a vertical longitudinal section
shov/ing the branchial sac(bs) of one of the
thoracic appendages(t) with the cells containing

coarse granules. cf,carapace fold; nu,nucleus.
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chromatin. The boundary of the cells is smooth with shallow

lobes; it is not greatly convoluted. The second kind of cell
(Fig.156,(a),(b),(d),1; Plate 40, bs) stains paler and with a
slightly yellowish tinge with the haematoxylin, and the granules
are smaller and more densely packed. The nucleus is slightly
smaller then that of the first kind of cell and contains a rod-
shaped nucleolus. These cells are more numerous than the first
kind and occupy the spaces between them. These two kinds of cells
are comparable to the two kinds described by Fiedler but differ in
certain respects. There is an even distribution of granules in
both kinds of cell, without rods at the periphery; It is often
difficult to see distinct boundaries.between the cells. Besides
the cells falling into these two categories, there are a number of
cells showing a slightly different structure. In some cells
(Pig,136,(a),3; Plate 41,bs) the cytoplasm contains a coarsely
granular mesh, and stains with definitely bluish tinge with
baematoxylin. The nucleus has granules at the periphery. This
kind of cell is probably comparable to Gicklhom and Keller's
"Ketzmaschen'" ; the first kind to their “Ketzlflcken”. In yet
other cells (Pig,136,(c),4; Plate 42,bs), there appears to be a
'shadow’ of bluish-staining, fine, densely crowded granules in the
cytoplasm around the nucleus, while the outer cytoplasm contains
granules of various sizes and less densely crowded. The nucleus
®y have an outer hyaline area.

This means that it is possible to see at least four slightly

different kinds of cell and it seems reasonable to suggest that

Ney are but four phases of activity of essentially one type of



ro-o0

LO*O5"VwW IwvV.

Plate 4-0. Photomicrograph, of a vertical longitudinal section
shov/ing branchial sacs(bs) with cells containing
small, densely packed granules, md,mandible ;

mx1l maxillary gland 1loops.
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Blate 4-1. Photomicrograph, of a vertical longitudinal section
shov/ing a branchial sac(bs) with cells containing
a mesh of large granules. cf,carapace fold;

mxl,maxillary gland loops.
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Plate 4-2. Photomicrograph of a transverse section showing
a branchial sac(bs) with cells containing a ring
of fine granules in the cytoplasm surrounding the
the nucleus (nu). cf, carapace fold; t,thoracic

appendage.
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cell. They con be arranged in a series as follows: with fine,
densely crowded granules and staining slightly yellowish (the
second kind described above); with slightly coarser, less densely
packed granules and staining slightly bluish (the first kind
described above); with a mesh of coarse granules and staining
definitely bluish (the third kind described above); and with a
'shadow' of fine, densely crowded granules around the nucleus and
outer coarser, less densely crowded granules and staining bluish
(the last Kkind described above).

Generally the first tv/io of this series are most usually
found together in the same epipodite at the same time, and the last
two of this series found together, but the first and the last of
the series have also been found together with the second occurring
in a more posterior limb of the same animal. The various phases
grade into each other,

I suggest that the cells of the epipodites are strongly
active cells, acting as a region for the uptake of various sub-
stances, such as oxygen and possibly salts, from the environment.
This is supported by the affinity for vital stains, by the plenti-
fill supply of blood which the vertical septum renders greater than ’
awy other part of the appendage, and possibly by the striking
difference in the nature of the cells from those of the remainder |

the appendage. Strongly active cells tend to go through

Various phases, for example secretory cells and the fat cells,
to changes in the contents of the cell. The cells of the

Spipodites seem to pass through a number of phases, and the two

types of cells described by Fiedler, and the two types described
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by Gicklliorn and Keller, to be two phases of activity of one kind

of cell.

The intercellular spaces mentioned by Fiedler, have not been
observed and are a likely result of poor fixation, since con-
traction of the cell walls is a recognised consequence of
inadequate fixation. The greater degree of convolution observed
by Fiedler is probably due to the same reason. A similar
explanation is possible for the rod-shaped bundles and thin plate-
lets wMch may be the result of slow fixation. Fiedler notes
that where the intercellular spaces are not in contact the
boundaries between the cells were not observed. This is more in
agreement with the condition which I have observed with better
fixation, the boundaries between the cells being difficult to
distinguish.

Function.

It is generally agreed that the epipodites function as respiratory
organs. This was first suggested by Claus (1876). The epipodites”
are filled with blood which is directed past them in a steady
stream.  The structure of the cellular wall is distinctly
different from that of the surroiuiding tissue. This may also

% est that besides aiding in respiration the epipodites possibly
Function for the intake of other requisites and salt absorption
bas been suggested. The epipodites stain very distinctly with a
mmber of vital dyes, such as neutral red and methylene blue.

ak on the reaction to vital stains has been carried out by

Aschel (1908) and by Oicklhom and Keller (1925). The latter
Foud two kinds of cells: the "Ketzmaschen" preponderantly
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reduced and alkaline; the "Netzlficken” preponderantly oxidised
and acid. But Gicklhom and Keller also suggest that reduction
or oxidation may both occur in the same cell. A paper by
Gioklhorn (1925) suggested that the epipodites reduced metal salts.
It is likely that the epipodites act as a region for the uptake of

various substances, such as oxygen and salts, from the environment.

Suggestions for other means of respiration.

It has been suggested that respiration takes place via the

alimentary canal, but this has been disproved by Fox (1952).
Gicklhorn and Keller (1925) found that in the young Danhnia

the 'meck organ', or dorsal organ, reacted to vital stains in a

way similar to the epipodites. They therefore suggest that the

dorsal organ functions as an organ of respiration in the young

animal.
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h. Musculature.

A detailed account of the muscles of Danlinla has been given
by Binder (1932) who considerably extended the existing knowledge.
The following account is based on Binder's work, with additions
based on original work and comparisons with other groups of
animals.

The principal work on the muscles of Daphnia is that of
Binder (1952). A brief account of the muscles had previously
been given by Claus (1876) who Includes little detail, and a
fuller description of the antennal and mandibular muscles was
given by Klotzsche (1913), In 1924, Kollman described the
histology of various Branchiopod muscles and Humperdinck the
structure and development of the muscles of Polyphemus, A
detailed account of the histology is also given by Schneider(1908),
and references on neuromuscular transmission, of which a certain

ampunt is known in Dauhnia. are given by Prosser et al (1950),

Distribution.
Msscles of the head.

kEye muscles.

The muscles of the compound eye consist of a pair of levators, a
pair of depressors and a pair of lateral muscles. The muscles
are short and very narrow and are best seen in the living animal,

They extend from the equator of the eye to a point immediately

dorsal to the brain. Their action produces the rolling movement

®f the eye,
k -kabral musnlAR.

either side of the labrum is a levator muscle, while about ten
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small muscles cross the labrum dorso-ventrally (Plate 18,Imu).

The levator muscle (Plate 47,Jmu) extends from lateral to the

lesenteron but internal to the midgut caecum to its insertion

the labrum near its proximal end. The levators bring about the

separation of the labrum.

5. Antcnnular muscles.

In the female, the antennule has no muscle. In the male, the

antennule has well developed muscles attached to a septum anterior

to the stomodaeum (Plate 45,a.Imu).

4. Antennal muscles.

The muscles of the second antenna are derived from the metamericaUy
arranged muscles of the thoracic appendages but are more strongly
developed in relation to the greater amount of movement displayed
by the antenna.  Each antenna has three abductors (Fig.137,
a.Sab.l, a.2ab,2), three adductors and one large levator muscle
a.2l), in addition to a small extensor tendinis. The insertion
of all the muscles is broad, which helps to distribute the 'puli'
of the muscle. The first abductor (a.2ab.1) has its origin
medially to the anterior surface of the head just dorsal to the
it caecum. It extends lateral to the mesenteron and is inserted
(hto the basal segment of the antenna. It is a well developed
uusclee.  The second abductor (a.2ab.2) has its origin medially on
tbe dorsal surface of the head at the level of the base of the
socond antenna and extends into the antenna to the end segment.
Ttis less well developed than the first abductor. The third
abductor originates on the integument at the level of the

®6senteron and crosses to the opposite side of the animal where
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Hate 43 . Photomicrograph of a transverse section through
an adult male Daphnia magna shov/ing the muscles
to the antennules(a.l mu) attached to a septum(s)
anterior to the stomodaeum(st). a.l,antennuie;
comm,nerve commissure around the stomodaeum;

dilmu,dilator muscles of the stomodaeum.



Fgure 157. Diagram showing the positions of the muscles in the
adult Daphnia magna. (after Binder). a.Sab.l, first
abductor muscle of the second antenna; a.Sab.2,
second abductor muscle of the second antenna; a.2L,
levator muscle of the second antenna; abmu, muscles
of the abdomen; br, brood pouch; dmu, dorsal
longitudinal muscles; dv, dorso-ventral muscles;
md, mandible; olmu, oblique-lateral muscle;
ramd, anterior rotator muscle of the mandible;
rpmd, posterior rotator muscle of the mandible;
tmu, muscles of the thoracic appendages;
vmu, ventral longitudinal muscles.
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it enters the opposite antenna and is inserted on the end segment.
Ahorizontal section joins the two muscles in the region where
they cross. It is a well developed muscle. By their con-
traction, the abductors bring about the backward movement of the
antenna.

The first adductor muscle has its origin just posterior to
the third abductor and also crosses over to the opposite side where
it enters the antenna along the ventral edge and extends to the
first and second segments. There is no horizontal joining section.
The second and third adductors have a common origin at a level just
dorsal to the second antenna. A horizontal portion joins the two
sides.  There is also an oblique portion extending slightly
inwards and dorsally to attach near the level of the heart. , The
muscles enter the antenna near its posterior edge and divide into
two, one half to the dorsal branch (second adductor) and the other
half to the basal segment (third adductor). The adductors,
assisted by the levator, give the upwards stroke of the swimming
beat.

The levator muscle (a.SL) has its origin dorsally and medially
immediately posterior to the second abductor. It extends
ventrally lateral to the mesenteron to join, at the level of the

antenna, a well developed horizontal branch which has its origin

medially and ventrally. The muscle enters the antenna and is
inserted onto the distal part of the basal segment. The levator
assists in the upvyards movement of the antenna, especially in the

directing of this movement.
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The extensor tendinis is a small muscle acting as a tensor
muscle on the tendon which transmits the working of the first
adductor to the terminal joint. This tendon extends from the
lateral wall of the antenna Immediately ventral to the attachment
of the second abductor to the distal part of the basal segment.

5. Mandibular muscles.

The mandibles possess anterior and posterior rotator muscles for
each mandible (Fig. 137,Ramd, Rpmd), two transverse adductor
muscles, and a group of small muscles along the outer edge of each
mandible, Die anterior rotator (Ramd) is a narrow muscle which
originates dorso-medially immediately anterior to the heart, and
passes ventrally to the median part of the mandible to insert onto
the anterior edge of the mandible.  Contraction of the anterior
rotator brings about separation of the mandibles.

The posterior rotator (Rpmd) has its origin slightly posterior
to the anterior rotator, at the anterior end of the heart and
extends to about midway down the mandible. It is considerably
larger than the anterior rotator and by its action the food is
pressed between the grinding surfaces of the mandibles.

The two adductor muscles are attached laterally onto the
edges of the mandibles and extend between them. They are broad
ottscles, the dorsal one slightly the narrower. Contraction of
these muscles causes the mandibles to move towards, or against.

Qe another.

The group of small muscles (Plate 2l,smdmu) form four

longitudinal rows along the outer part of the mandible from the

%er edge of the adductors to slightly ventral to the lower edge
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of the adductors. Their inner ends are attached to an

endosternite between the mandibles.

6. Maxiliar muscles.

The maxilla has only two abductor and two adductor muscles. The
abductors extend from the lateral wall of the maxillary segment
obiquely ventralwards to the maxilla. The muscles are not well
developed. Contraction of the abductors brings about a caudal
and lateral movement of the maxillae. The adductors have their
origin medially between the alimentary canal and the ventral
surface and extend laterally to Insert onto the posterior surface
of the mandible. Their proportion of fibres is greater than

that of the abductors. Contraction of the adductors moves the
maxillae towards the mandibles.

Muscles of the body.

I, Thoracic appendage musculature.

Each thoracic appendage possesses three abductor muscles and three
adductor muscles. There are modifications of the fifth pair of
appendages and also in the first pair of appendages of the male.
The attachment of the muscles varies slightly from appendage to
appendage.  The three abductor muscles have their origins slightly
dorsal to the base of the appendage on the lateral integument of
the body. @ The first has the most dorsal origin and is inserted
in the region of the epipodite. The second is inserted onto the
base of the exopodite. The third has the most ventral origin and
is inserted just proximal to the epipodite. The contraction of

ihe abductors brings about movement of the appendage laterally

slightly dorsalwards.
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Of the adductors, the first extends from the lateral body .

integument, posterior to the origin of the first abductor, to the
posterior edge of the base of the appendage. The second adductor
usually extends from the ventral septum to the base of the
epipodite, but the origin varies from one appendage to another.
The third adductor extends from the ventral septum to the epipodite.
Contraction of the adductors beings about ventro-caudad movement.

The fifth pair of appendages has lost the first adductor and
one of the abductors, probably the second.

The first pair of appendages in the male has tv/o extra
muscles, one to the hooked bristle and one to the long flagellum.

The combined movements of the thoracic appendages cause

circulatory currents and are employed in feeding, respiration and

locomotion.
8 Abdominal muscles.

The abdomen has three adductor muscles (Fig.137,abmu) which extend
dorso-ventrally. They originate at about the level of the
mesenteron and in line with the anterior edge of the abdomen,
extending between the alimentary canal and the ovary and then
along the anterior edge of the abdomen. The first adductor
inserts half way down the abdomen, immediately anterior to the
proctodaeal muscles. The second and third adductor muscles are
inserted nearer to the end of the abdomen, lateral to the procto-
cheim  They are broader than the first adductor. Contraction
ol the abdominal muscles brings about a bending of the abdomen in

ttie dorse-ventral plane.
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9 Dorsal musculature.

There are four dorsal muscles (Fig.157,dmu) on each side of the
body (Plate 55,dmu). They extend horizontally along the dorsal
part of the body, just below the brood pouch and covering the
dorsal part of the mesenteron. They stretch from the region of
the heart to the region of the caudal seta on the abdomen. Two
of the muscles arise dorsal to the middle of the heart on the
lateral integument and their course is almost entirely dorsal to
the mesenteron. The other two muscles arise just ventral to the
anterior end of the heart on the lateral Integument, and extend
posteriorly at the level of the mesenteron. All four muscles lie
parallel to the lower edge of the brood pouch but turn slightly
ventralwards when they reach the level of the dorsal process which
closes the posterior end of the brood pouch. They then follow
the outline of the body into the abdomen to the level of the caudal
seta where all four muscles are inserted at the same level. The
muscles have connective tissue plates dividing them into four

segments. Contraction of the dorsal muscles causes extension

of the abdomen.
10. Dorso-ventral musculature.
There are six groups of dorso-ventral muscles (Fig.157,dv) on each

side of the body. They are attached laterally to the integument

immediately below the dorsal muscles and extend obliquely inwards
between the alimentary canal and the gonad to the ventral septum
“hich they join in the same position as the adductors of the

ihoraoic appendages. The first group occurs at the level of the

Aterior end of the brood pouch, and the last group at the level



180.

of the anterior edge of the abdomen. The groups of dorso-ventral
muscles are apparently non-segmental. The contraction of these

muscles brings the dorsal and ventral parts of the body closer

together.
11. Oblloue-lateral musculature.

There are five oblique-lateral muscles (Pig. 137,0lmu), which are
branches of the ventral muscles, %e muscles extend obliquely
and posteriorly towards the dorsalsijrface to be inserted
laterally in the same region as the dorso-ventral musculature.
The contraction of the oblique-lateral muscles brings the dorsal
and ventral parts of the body closer together. The muscles are

long and narrow, in contrast to the short, broad dorso-ventral

muscles.

12. Ventral musculature.

There are three long ventral muscles on each side (Pig.157,vmu),
parallel to the ventral surface of the animal for the greater part
of their length. They are ventral tothe alimentary canal and
the gonad, and lie near to the lateral integument immediately
above the bases of the thoracic appendages. The three muscles
have separate insertions at either end but for the greater part
of their length lie together as a compact bundle. The first
ventral muscle arises from the anterior edge of the base of the
first pair of thoracic appendages and joins the other two muscles
iu a slightly more dorsal position at the level of the third pair
of thoracic appendages. It leaves the other two muscles again

"t the level of the fifth thoracic appendage to pass towards the

dorsal surface and insert lateral to the alimentary canal at the
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level of the anterior edge of the abdomen. This muscle is at
its anterior end the most ventral of the three, but becomes the
most dorsal just before the posterior divergence. The second
ventral muscle arises near the mandibular endosternite and joins
the other two muscles at the level of the third thoracic appendage.
It continues posteriorly after the divergence of the other two
muscles and is inserted onto the Integument in the region of the
processes at the posterior end of the brood pouch. The third
ventral muscle arises near the origin of the abductor muscles of
the first and second thoracic appendages, passing ventrally to
join the other two muscles. Immediately posterior to the region
of the fifth thoracic appendages, the muscle diverges towards the
abdomen where it is Inserted below the caudal seta. A very thin
branch goes to the caudal seta. Contraction of the first ventral
muscle shortens the dorsal surface of the body and stretches the
abdomen.  The second ventral muscle helps in the bending of the
abdomen when this movement is strong. The third ventral muscle
also causes bending of the abdomen when it contracts,

k. Carapnce-closinfi: muscles.

The two valves of the carapace are drawn together by two trans-
verse adductor muscles (Plate 52,ccmu). They are present in the
“axillary region, and inserted adjacent to the maxillary gland and
tnmediately dorsal to the ventral groove. The two muscles lie

%% behind the other, the posterior being the larger. Contraction

the muscles brings about closure of the valves of the carapace,
jk-Heart mnRnlPc.

heart has a single layer of circular muscle cells grouped in
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pairs, together with an incomplete layer of longitudinal muscle
cells (see p. i'-O. The outer part of the muscles is fibrous, the
inner part is finely granular sarcoplasm. There is no intima.
The muscle fibres have fine cross striations.

15. Alimentary canal muscles.

These muscles have been mentioned in the account of the structure
of the alimentary canal (p.122). The stomodaeum possesses a
layer of circular muscles, together with a pair of longitudinal
muscles anteriorly internal to the circular muscles. The extrin-
sic muscles are the dilators. The anterior dilators extend frcan
the stomodacum to the integument at the level of the brain.  The
posterior dilators extend from the stomodacum to a septum parallel
to the stomodaeum. The mesenteron has a layer of circular muscles
with the longitudinal muscles external to them. The proctodaeum
has a layer of circular muscles, a number of dilators and a number
of constrictor muscles. The dilators form a series from the anus
up the lateral wall of the proctodacum. The constrictors extend
from the anterior to the posterior (morphologically ventral to
dorsal) side of the abdomen, forming a row of narrow, strongly
striated muscles which cover the length of the proctodaeum,

16, Reproductive system musculature.

In the female, the possibility of intrinsic musculature in the
Wall of the ovary has already been pointed out (p.145). In the
‘“ale, there are circular muscles around the vas deferens and a

Fan-shaped muscle from the papilla.
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HlatolOCT of the muscles.

fieperal composition of the muscle.

Each muscle consists of sarcoplasm surrounding fibres
enclosed within the sarcolemraa, probably comparable to a cell
menbrane (Plate 35,a.2mu). The sarcoplasm contains many nuclei
and is nearly always strongly vacuolated. The nuclei occur at
inter/als and are large, usually with a darkly staining central
nucleolus surrounded by a lyaline area. The vacuoles form a
meshwork with the struts of the mesh formed by finely granular,
palely staining cytoplasm. The inner area of the sarcoplasm
contains a large number of vacuoles with very little cytoplasm,
giving a hyaline appearance. @ Each muscle fibre is made up of
numerous fibrils which are tightly packed together to form a solid
bundle and are not arranged in distinct columns. The fibres show
various degrees of transverse striation from distinct to faint,
and from narrow to broad.

Striation of the alimentary canal muscles.

The circular and longitudinal muscles of the alimentary canal
have previously been described, for example by Binder (1952) as
smooth muscles.  But examination of sections of these muscles
shows that they possess a fine, but v/ell marked cross striation
(Plate 44,mu; Plate 19,cimu), This is In accordance with recent
wak on the muscles of the alimentary canal of insects, previously
recorded as smooth and now shown to be striated,

Differences between individual muscles,

Separate muscles”ow differences in the amount of sarcoplasm

M proportion to the fibrils and in the nature of the striation.
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Plate 44. Photomicrograph or a vertical lomdtudinal section
showing the cross striation of the circular

muscles (mu) of the mesenteron(me). hehesirt.
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In some muscles, such as the levator of the second antenna, the
sarcoplasm is thicker on the external side of the fibres than on the
internal. It has been observed that the sarcoplasm is
particularly abundant in the antennal muscles (Plate 18,a.2mu),
the mandibular adductors, the muscles of the thoracic appendages'
and the oblique-lateral muscles. There is less sarcoplasm in the
mandibular rotators (Plate 21,mdmu), the maxillary muscles, the
dorsal and ventral muscles, the dorso-ventral muscles, the carapace
adductor muscles, and the stomodaeal and proctodaeal muscles. The
sarcoplasm is poorly developed in the eye muscles, the labral
muscles, and the group of small mandibular muscles.  Where the
sarcoplasm is more abundant it is usually also more vacuolated.

The striation is particularly distinct in the carapace
adductor muscles, the dorsal and dorso-ventral muscles, the
abdominal adductor muscles and the principal mandibular muscles.

It is less distinct in the remaining muscles and especially
difficult to distinguish in the antennal muscles where the
striations are very fine.

Mde of Insertion of the muscles.

The fibrils of the muscles are apparently each terminated by
a long thin thread which penetrates between the cells of the
epidermis.  The chitin is often thickened in the region of the
attachment of the muscle (Plate 45). The arrangement appears to

In agreement with that recently described for Triops by

Debaisieux (1954). This agrees with ttie description by Binder
(1952), and also essentially with that of Koliman (1924). The
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Plate 45. Photomicrograph of a vertical longitudinal section
through the dorsal region of the junction of the
head with the body showing the thickening of the
chitin at the place of attaclment of the muscles

of the second antenna (a.2 mu).
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mode of insertion agrees with that described for Arthropods in
general by Richards (1951).

Comparison with the muscles of other Branchionoda. and of Insects.

In common with other Branchiopoda, the distribution of the
muscles in Pophnia is derived from a metameric arrangement,
modified in accordance with such characters as the extent of the
carapace, the brood pouch and the method of locomotion.

The variation in the amount of sarcoplasm present accords
with the recent work of Debaisieux (1954) on Triops and with
accounts of insect muscle (Wigglesworth, 1953). The muscle of
Daphnia is similar to that described by Inms (1948) for many larvae
and Apterygota and by Wigglesworth for honey bee and Diptera larvae.
Description of anisotrophic and isotrophic bands in Branchlpus is
given by Schneider (1908) who gives details of the histology of
the muscles, and also of the innervation.

In insects all muscles are striated, although in some of the
visceral muscles the striations are difficult to see (Morison,
1927-8; Wigglesworth, loc. cit.). The same is true in Danhnia.

There have been various opinions about the origin of the

muscles, whether multicellular or unicellular. It appears most
likely that some muscles have a unicellular origin and some a
multicellular origin. This is indicated by Schneider (loc. cit.)
and also by Humperdinck (1924). In Polyphemus. Humperdinck
describes many bundles each from one cell in the labral muscles
and the dilators of the alimentary canal, while the muscles of the

appendages are formed from a syncytium, or a coalescence of

nnmerous myoblasts. In a general account of Arthropod muscle,
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Tlegs (1955) suggests that their origin is probabl;/ mostly

multicellular.
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i. The Internal Skeleton.

Various authors, such as Caiman (1909) and Wagler (1926-7)
have referred to an endoskeleton consisting of trabeculae lamellae,
and plates of tendinous connective tissue providing attachment
for the muscles. The structures referred to are often those
described in this account as the septa delimiting the blood
spaces; in other cases they may be tendinous attachment of the
muscles to the integument.

Daplmia possesses one well developed endostemite, which
is present in the mandibular region and to which the mandibular
adductor muscles are attached. The endostemite is a broad
transverse plate extending dorsally on either side of the
alimentary canal as a long narrow phalange attached to the dorsal
Integument by groups of darkly staining fibres. Laterally the
endostemite is connected to the mandibular integument by a
series of short mandibular muscles.

The relationship of the endostemite of Dauhnia to that of
other Crustacea and its histology has been discussed by

Debaisieux (1964),
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j- The Nervous System.

The neiurauE system of Dartinla consists of a brain with
anterior optic ganglia and posterior double chain of ganglia(Fig.
158). There is also a visceral or sympathetic nervous system
supplying the alimentarjr canal.

An account of the nervous system of Daohnis loiirisnina is
included by Klunzinger (1864) in a description which otherwise
deals only with the external features. Later descriptions are
those of Claus (1876) and Samassa (1891). Cunnington's (1905)
work deals principally with Simocenhalus. and tliat of Retzius(1906)
is an unsatisfactory report on earlier work. Leder (1915) gave
a description of the finer structure of the nervous system,
including an account of the position and functions of the various
centres. A general review of neuro-muscular transmission in
invertebrates is given by Katz (1949),

The Optic ganrlia.

The optic ganglia (Fig.158; Plate 17; Plate 46; Plate 47; og)
form the most anterior part of the nervous system. They are
situated immediately adjacent to the compound eye, to which they
send numerous fibres (Plate 48). There is a pair of ganglia and
also a more anterior unpaired ganglion. All are composed of
ganglion cells and fibres (Plate 47; Plate 48; og). Each one of
the pair of ganglia has a central ball of fibres surrounded by
cells. The two balls of fibres lie close to each other medially
but apparently do not excliange fibres. The cellular part varies

from a single to many layers in thickness, and I have found that

ft is thickest on the side nearest to the alimentary canal. be
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Figure 138. Diagram showing the central nervous system of the

adult Dantoia magna. a.l n, nerve to the antennule;

a.2n.Il, first nerve to the second antenna; a.2n.II,
second nerve to the second antenna; b. brain;

cn, nerve to the caudal seta; comm, stomodaeal
commissure; fm, nerve to the lateral frontal organs;
.1-5, first-fifth ganglia; Ig, labral ganglion;
an, nerve to the labrum; In, lateral nerve to

thoracic appendage; mdg, mandibular ganglion;

mdn, nerve to the mandible; mn, middle nerve to

thoracic appendage; raxn, nerve to the maxilla;

ocn, nerve to the ocellus; og, optic ganglion;

rog, retro-oesophageal ganglion; un, upper nerve to

thoracic appendage.



Plate 46.
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Photoiaicrograph. of part of the anterior region

of a whole cionnt of an adult Daphnia magna showing
the brain(b) and the optic ganglia(og). dlgl,distal
labral gland; e,compound eye; mfrn,nerve to median

frontal organ; oc”ocellus; plgl,proximal labral

gland.
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Photomicrograph of a vertical longitudinal section
through the anterior region showing the brain(b),
optic ganglia(og) and ocellus(oc). aa,anterior
arm of ocellus; Imu,labral levator muscle;

me, caecum of mesenteron; me ,mesenteron;

st ,stomodaeum; tra,transparent area; wva,ventral

arm of ocellus.
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Plate 48. Photomicrograph of a vertical longitudinal section
tlirough the anterior region shov/ing the optic
ganglia(og) with nerve fibres leading to the
compound eye (e). crs,crystalline sphere;
me,caecum of mesentoron; rh,rhabdome and retinula

cells.
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fibres to the eye leave principally from the dorsal side of the

ganglia and those from the two sides soon join, leaving a small
triangular cleft before they do so. They enter the eye poster-
iorly and extend to the crystalline spheres. These fibres are
moderately thick; more delicate fibres innervate the eye muscles.
The paired connectives to the brain.

From each of the paired optic ganglia a short broad connective

leads posteriorly to the brain (Plate 46). The connectives contain
the posterior part of the fibrous balls and lie close together.

They are extremely short so that they appear quadrangular in

lateral view.

The brain.

The brain (Fig.158, b), or paired supraoesophageal ganglia, is
situated posterior to the eye and ventral to the anterior end of
the mesenteron, or just anterior to the stomodaeum (Plate 46;
Plate 47, b). The original paired nature of the brain is
indicated by a shallow median indentation on the dorsal surface.
This is almost absent ventrally, where there is the indication of
a pair of indentations to define a median and two lateral areas.
The brain is slightly larger than the optic ganglia and gives off
nerves to various parts of the head, together with its posterior
continuation around the stomodaecum. The central fibres are
arranged in the form of centres, described later (p. 195), of which
fhe largest pair are situated on either side in about the middle
of the brain, with a smaller centre between them. A small pair

occurs anteriorly and a small median centre posterior to the large

pair. They are recognised as bundles of fibres surrounded by
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cellular layers, which are thickest ventrally, that is on the

side away from the alimentary canal. The anterior part of the
brain is also composed principally of nerve cells (Plate 47, b).

The brain gives off nerves to the lateral frontal organs
(Fig.158, frn), to the ocellus and the median frontal organs(ocn),
and to the antennule (a.In). All these nerves leave from the
ventral surface.

The pair of nerves to the lateral frontal organs (fm) arise
from near the anterior end of the ventral surface of the brain
and immediately pass towards the dorsal surface, crossing the
connectives to the optic ganglia and the eye muscles. Each long
thin nerve branches to terminate in a number of elongate pear-
shaped cells on the dorsal surface of the head. There are two
main branches, one to the integument overlying the gut caecum and
the other rather more ventral. The nerves arise from the
anterior pair of centres.

The nerves to the ocellus, or median eye, and to the median
frontal organs (ocn) leave the ventral surface of the brain
immediately posterior to the nerves to the lateral frontal organs.
The nerves are short and pass ventrally and slightly anteriorly.
There appear to be three nerves, a delicate median nerve and a
pair of lateral nerves, all of them converging towards the pigment
body of the ocellus. From the anterior arm of the ocellus, a
pair of long thin nerves proceed to the median frontal organs

(Plate 46, mfrn), each nerve ending in an elongate cell in the
integument ventral to the compound eye (Fig.159, n). The nerves

finise from the small median centre.
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The pair of nerves to the antennules (Pig.158, a,In) leaves

the brain towards the posterior end of the ventral surface. They
are often referred to as the olfactory nerves, and the antennule
as the olfactory antenna. Each nerve proceeds to the dorsal end
of the posterior edge of the rostrum. It passes the proximal
labral glands and along the posterior edge of the rostrum to its
tip where the nerve enters the antennule. In the antennule, the
nerve ends in a number of sense cells. The nerves arise from a
pair of small centres at the posterior end of the brain and the

beginning of the oesophageal commissures. @ The antennular ganglia

are thus essentially part of the brain.

The oesophageal, or stomodaeal. commissures.

Apair of short broad nerves (Pig.158,comm) lead posteriorly and
slightly dorsally on either side of the stomodacum (Plate 45, comm)
to the ventral nerve cord. They consist mostly of fibrous tissue,
with the cells restricted almost entirely to the regions where the
nerves leave the commissures.

The commissures give off two pairs of nerves to the second
antennae. The first pair (a.2nl) arise from a pair of large
centres situated near to the anterior end of the commissures.

The nerves leave the commissures about a third of the length of
the commissure from the anterior end and enter each second antenna
near to its ventral edge. The first pair of antennal nerves is
larger than the second. The second pair (a.Snll) arise from a

smaller pair of centres posterior to the first pair. The nerves

leave the commissures posterior to the first pair of nerves and

enter the second antenna nearer to the posterior edge of the latter.
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Both pairs of nerves are well developed and branch strongly

within the second antenna.

The retro-oesonhageal Ranglla and ring.

The oesophageal commissures are joined together posterior to the
stomodaecum by a ring of nervous tissue in the region of the labrum.
The commissures broaden to form the retro-oesophageal ganglia
(Fig.158, rog) which are joined medially by a pair of short
commissures. From the retro-oesophageal ganglia also arise a
pair of nerves (Ian) which passes to the labral ganglia situated
in the base of the labrum. The labral ganglia are joined
medially, so that a ring of nervous tissue is formed, passing
through the retro-oesophageal ganglia. The labral ganglia give
off fine nerves to the sensory hairs at the tip of the labrum.
The mandibular ganglia.

The commissures become narrower and continue posterior to the
retro-oesophageal gauE'lia for a short distance to the mandibular
ganglia (Pig.156, mdg). The small mandibular ganglia are
situated in the base of the maxillae, and from them arise nerves
both to the mandibles (mdn) and the maxillae (mxn). The ganglia
are situated close together and are joined by a short broad
commissure.  The commissure lies close to the ventral groove and
connects the dorsal regions of the ganglia, the ventral parts of
which lie below the level of the ventral groove. The nerve to
the mandible arises laterally; the nerve to the maxilla arises
nore towards the ventral surface and slightly anteriorly.

ventral nerve cord.

The ventral nerve cord extends posteriorly from the mandibular
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ganglia between the ventral groove and the ventral septum (Plate 57,

nc). Near its anterior end there is a dorsal flexure. The

ventral nerve cord is short, its ganglia close together. The
tissue is principally fibrous, with a thin outer layer of cells
which becomes thicker in the ganglionic regions.

The ganglia correspond to the thoracic appendages and show
little in the way of swelling, being principally clusters of cells.
The first and second ganglia (Fig. 158, g.l, g.2) are not on the
cord itself but removed slightly towards the appendage; the third
and fourth (g.5, g,4) are swellings of the cord itself; the fifth
ganglion (g.5) is separated from the cord by a thin fibrous strand.
The number of commissures which join the ganglia varies. The
first pair are joined by three commissures, the second pair by two
commissures, and the third and fourth pairs by one commissure each.
The fifth pair of ganglia lie further apart from each other than
the others and are not joined by a commissure.  The ccmmissures
are short and thin. Usually there are nerve cells in the
commissures, especially medially.

The nerve to each appendage has three branches, upper(un),
middle (mn) and lateral (In). The upper nerve (un) innervates
the muscles of the appendage. The middle nerve (mn) enters the
appendage along its inner edge and possibly innervates the end
segments of the appendage. The very delicate lateral nerve (In)
Is possibly sensoiy.

Prom the posterior end of the last ganglion, a long thin

nerve (cn) continues to innervate the caudal bristle on the

abdomen (Pig.145, n). It passes lateral to the alimentary canal
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and between two splndle-sliaped cells at the base of the bristle.

Ibe ventral nerve cord also gives off nerves to the

alimentary canal, especially posteriorly.

Tierve supply to the alimentary canal.

The nerve supply to the alimentary canal consists of a pair of

long well developed nerves arising from the oesophageal commissure
between the two nerves to the second antenna and passing dorsally.
Each nerve then travels posteriorly across the base of the mandible
to the mesenteron. The nerve continues posteriorly along the
dorso-lateral wall of the mesenteron, giving off nen”es irregularly .
on either side. At the posterior flexiu*e of the mesenteron the
nerve joins with a plexus which covers the posterior part of the i
alimentary canal and innervates the constrictors of the proctodaecum. ,
There is a branch to the integument and carapace, and it has been
suggested by Leder (1915) that there is also a branch to the heart.
The presence of a nerve supply to the heart is disputed. It has

not been obseiured in the present study.

The stomodaeum is supplied by nerves from the labral ring,
together with nerves to the dilator muscles from the mesenteron
nerve. The mesenteron, besides the main visceral nerve, is
supplied by at least three small nerves from the ventral nerve
cord. The proctodaeum is supplied by a dense plexus of nerves,
connected to the main visceral nerve, which gives off a terminal
plexus to the constrictor muscles.

Cells occur in the nerve to the mesenteron but not in that

to the integument.
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The nerve centres

Leder (1915) has described various centres' in the nervous system
of Cladocera. At the most anterior end of the nervous system
lie the unpaired and paired optic ganglia. The first pair of
centres lie in the anterior region of the brain and supply nerves
to the lateral frontal organs. The second centre is median and
supplies nerves to the ocellus and the median frontal organs.
The third centre is also median and is described as the central
body or association centre; it co-ordinates all the other centres.
The fourth pair of centres supply: fibres to the compound eye
muscles and to the second antenna; they are motor centres and
help to regulate the general body movements. The fifth centres,
also paired, supply the antennule. The sixth centres form two
pairs which supply the second antenna and are principally motor,
the first including a number of sensory fibres. The seventh
centres are the pair found in the retro-oesophageal ganglia.
The ventral nerve cord supplies the appendages with motor nerves,
bipolar sensory nerves to co-ordinate the setae, and with a
diffuse plexus in the integument. The nerves to the caudal
bristle probably also include fibres from the fourth centres.
Leder (1915) considered that the brain consists of proto-
cerebrum, deutocerebrum and tritocerebrum. The protocerebrum
includes the first four centres and the optic ganglia; the deuto-
cerebrum includes the fifth pair of centres, or those of the
antennule; the tritocerebnun includes the two sixth pairs of

centres, or those of the second antenna. The arrangement is
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however similar to that present in the remaining Branchiopoda
and the antennal centres or ganglia are not strictly part of the
brain.

The compound eye seeks to keep a fixed position to the light,
and the second antenna is instrumental in maintaining this
position. It is therefore important to note that nerve fibres
from the two both retinm to the fourth centre. Fibres from the
fourth centre also supply the pinnate bristles of the second
antennae and of the abdomen, end these bristles are capable of
independent movement. = The conclusion that the fourth centre is

the regulatory centre for the body movements is supported by

extirpation experiments.

Comparison with other Crustacea.

The nervous system of Danhnia is directly comparable to that of
ChiroceDhalus Illustrated by Borradaile et al (19S6) and to that
of Trions illustrated by Parker and Haswell (1940). The
commissures here referred to as connecting the retro-oesophageal
ganglia are comparable to that referred to in Chirocephalus as the
antennal commissure. The nervous system of Danhnia has a shorter
ventral nerve cord than these two genera, but does not show the
degree of concentration exhibited for example by Leotodora and

the Polyphemidae. In contrast to the Malacostraca and various
other (Sustacea, the nerves to the second antenna do not arise

from the brain but from further posteriorly.
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k The Sense Organs.

The principal sense organs present in Danhnia are as follows:
the ocellus, the median frontal organs and the lateral frontal
organs; the compound eye; the antennules with their setae; and
various setae and bristles, for example on the second antennae,
the thoracic appendages and the abdomen.

Reference to the various sense organs is made by Claus (1876)
and Klotzsche (1915). In a paper in 1894, Claus replies to a
criticism by von Rath in 1892 of the term 'penetrate' to describe
the relationship of the nerve fibres to the cells at the base of
the abdominal bristle, and adds further remarks about this nerve.
Hérouard (1895) studied the frontal organs as did Zograf (1904)
wo also worked on the ocellus, Moroff (1912) wrote an account
of the ocellus based principally on Artemia. @ Moroff (1911) also
studied the ccsnpound eye, but his account deals mostly with
Palaemon. Other accounts of the compound eye, mostly concerned
with its functioning, are those of Radl (1901), Frisch and

Kupelwieser (1915), Herwerden (1914), Koehler (1924), Schulz (1928),
and Bernard (1957).

ocellus.
The ocellus, unpaired median eye or ''Nebenauge" is present in
almost all adult Branchiopoda but is usually small =&
In Cladocera. In Danhnia there is little pigment. This appears
to be correlated with the large size of the compound eye. Sida
bas a large compound eye and no pigment in the ocellus; Chydorids

have large ocelli which may be larger than the rather small

conpound eye.
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In Daphnia magna, the ocellus (Plate 17; Plate 46; oc) is

situated immediately ventral to the brain (b) and posterior to the
compound eye (e). It is close to the ventral surface of the
brain, to which it is joined by very short nerves.

The ocellus consists of four pigmented '"cups", or arms
(Plate 47; Plate 49), one anterior (as), one ventral (va) and two
lateral (la). This is the number described by both Claus (1876)
and Klotzsche (1915), the latter being contradicted by Leder(1915).
Investigation has proved the earlier authors correct. The two
lateral arms project slightly dorsally as well as laterally
(Plate 49, la) and are joined at their distal ends to the most
anterior part of the brain (b) by a group of loose cells. The
ventral am proceeds ventrally and slightly posteriorly and is
continued as an elongate process which turns sharply dorsally to
meet the brain just posterior to the region where this is met by
the two lateral arms. A small fine nerve leaves the brain in
this region and apparently goes to the integument.  The anterior
am proceeds directly anteriorly and is continued at its distal
end into a long delicate nerve which terminates at the median
frontal organs (Plate 46). The ams consist of elongate cells
(Plate 47, aa, va), the lateral ams of two cells each, the ventral
of four cells and the anterior of two cells. The cells have a
palely staining, sparsely granular cytoplasm with numerous
vacuoles. Their nuclei are small with a small nucleolus
surrounded by a hyaline area containing a few granules. The cells
ull meet at their proximal ends where they are packed closely

together. These cells are pigment cells, and the centre ofthe
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Plate 4-9. Photomicrograph of a transverse section tlirongh
the head of a Daplmia marma showing the two lateral
arms(la) of the ocellus, h,brain; me,caecum of

mesenteron; me,mesenteron; ros,rostrum of head.
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ocellus where the cells converge together is filled with dense

black pigment which is the most conspicuous part of the ocellus.
The central pic”ent is indented where the arms arise.  Sometimes
the pigment spreads further into the projecting cells. The nerve
fibres approach the cells from the outside and the eye is 'inverted'.

In the anterior and lateral arms, and possibly also in the

ventral arm, I have observed two long narrow transparent areas
(Plate 47, tra), each containing one small dark granule. No
crystalline lens or spheres have been found. It is possible that
the long narrow areas may be degenerating rhabdomes, or rods.
The fact that they probably occur only in the lateral and anterior
ams agrees more satisfactorily with the general Crustacean plan,
in which there are usually two lateral and one median arms.  The
ventral arm is possibly a secondary structure.

Klotzsche (1913) suggested that the cells of the arms are
sense cells in the process of involution, which he believed to be
indicated by the presence of vacuoles in the cells.

The present of pigment and of nervous connections and the
correlation of the development of the ocellus with that of the
compound eye, indicates fairly clearly that the ocellus has an
optical function which in Danhnia has been taken over largely by
the compound eye. The suggestion of degenerating rhabdomes is
also in agreement with this point of view.

median frontal organs.
Situated against the integument ventral to the compound eye are

two club-shaped cells (Pig.139; Plate 50; fro) connected to the

Ocellus by a pair of long thin nerves (Fig. 159, n). The long
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Figure 159. Drawing from a whole mount showing the median
frontal organ (fro) in the adult Danhnia magna.

with the nerve (n) leading to it from the ocellus
and also with the adjacent group of irregular cells.

Freehand drawing.
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Plate 50* Photomicrograph of a transverse section through
the anterior region of the head showing the median

frontal organs(fro) situated ventral to the

compound eye (e).
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axis of these cells is almost dorso-ventral and the nerve enters
at the ventral end of each cell. The cytoplasm of the cells is
sparsely granular and does not stain darkly. The nucleus is
spherical containing a small nucleolus surrounded by a hyaline
area with a granular periphery.

On the rostrum,or antero-ventral partof the head, are a
number of irregularly arranged cells of a similar nature (Fig.159).
Their shape is irregular and varied but they are mostly slightly
larger than the pair of club-shaped cells.Some at least are
connected to the pair of club-shaped cells by a thin strand which
is probably nervous tissue. The cells are arranged into two
groups, a dorsal group immediately ventral to the club-shaped cells
and connected to them and a ventral group of five cells (Plate 62,
fro) just dorsal to the antennule and anterior to the proximal
labral glands. There appears to be a very fine strand from the
ventral arm of the ocellus to the most dorso-posterior cell of
this group. The two groups occur on both sides of the rostrum
and lie against the integument. The cells send out fine dendritic
processes in several directions. These cells sometimes contain
Vacuoles,

The function of these cells is not known. It is probable
that the rostral groups of cells are related to the pair of club-
shaped cells. Leder (1915) believed that the cells were all
sense organs, probably for light perception but the only evidence
to support this is the presence of a nervous supply and the

connection to the ocellus. This is further discussed on p. 305.
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Lateral frontal orr”ans.

These have been referred to as the head or apical sense organs,
and sometimes as the neck organ. There are drawbacks to all
these names, for 'lateral frontal organs' Implies relationship to
the median frontal organs, 'apical sense organs' implies that they
are sensory, while 'meck organ' is distinctly confusing since both
the dorsal organ and the 'Haft'-organ have been referred to by
this term. It is suggested that the cells bear sufficient
resemblance to the median frontal organs to justify the implied
relationship.

The lateral frontal organs are present in most Branchiopoda
and were originally regarded as being of a glandular nature.  More
recently, for example Wagler (1926-7), it has been suggested that
they are reduced eyes. The cells are always free of pigment.

The organs consist of groups of one or a few conical cells
situated just ventral to the head ridge (Pig.140), that is lateral
to the midgut caeca and dorsal to the compound eye and optic
ganglia. They are spread over an area stretching from
immediately dorsal to the compound eye to the level of the mouth.
They generally follow the ridge of the head. There are five
groups of cells, the first slightly apart from the other four.

Each group receives fibres from a nerve frm the brain. The

nerve proceeds dorsally from the brain and divides into two when
it nears the level of the dorsal edge of the compound eye. The
anterior branch leads dorsally and slightly anteriorly to end in

a group of four cells. The posterior branch leads dorsally and

slightly posteriorly to divide into four branches each of which



Figure 140, Diagram showing the positions of the lateral
frontal organs on the left side of the head of

an adult Danhnia manna. Freehand drawing.
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ends in a group of cells, the first three in groups of two cells,
the last in a group of six cells. However the arrangement of
these groups shows a small degree of variation from one animal

to another.

The cells of the groups (Plate 61) are large and pear-shaped,
and the cytoplasm does not stain deeply. The nucleus is
spherical with a small round nucleolus and contains a small
number of granules. Vacuoles are rarely present in the cytoplasm.
The cytoplasm often presents a mottled appearance, due to an
irregular arrangement of granules. Between the cells of each
group is a small transparent area with a small number of darkly
staining granules (Fig,141; Plate 51; tra). This is possibly a
"light refractive body". The size and the distinctness of these
areas varies from one specimen of Danhnia mama to another.  The
cells are flattened against the carapace.

As well as the five major groups of cells, there are in the
region of the four more posterior groups of cells a number of
smaller cells arranged along the edge of the head ridge. They
are produced into elongate processes which join with the nerves
to the major groups.

The lateral frontal organs were described by Leydig (1860)
wo suggested an auditory function. Klotzsche (1915) suggested
that the cells are gland cells which provide a secretion for the
formation of the cuticle. Two years later Leder (1915) suggested
that the cells are sense organs probably for the perception of

light. He cited in evidence the strong innervation of the cells,

in contrast to the innervation of the labral glands, and a
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Plate 51* Photomicrograpii of a horizontal longitudinal
section through the dorsal part of the head region
shov/ing one of the lateral frontal organs (fro)
consisting of two granular cells enclosing a

small transparent area(tra). me,caecum of

mesenteron; me,mesenteron.
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Figure 141. Horizontal longitudinal section through an adult
Danhnia magna showing one of the lateral frontal
organs (fro) with a central transparent area (tra).

me, caecum of mesenteron; me, mesenteron.
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resemblance in cell structure to that of the cells of the ocellus.

Vital staining experiments lead Oicklhorn (1951) also to suggest

that the lateral frontal organs were light sense organs, but the

median frontal organs not.

Apossible remnant of an early organ complex?

Leder (1915) suggested that the lateral and median frontal organs
together with the ocellus form the remnant of an ancient organ
complex of which the most important part left is the ocellus. He
believed that the form of the cells of the three groups was similar
and that they represented sense organs, probably for light
perception. Other workers have not stated the possibility of
grouping the three together, although the median and lateral
frontal organs are often regarded as comparable, and the median
frontal organs and the ocellus in close association. In some
Cladocera, such as Slmocephalus. the nerves to the median frontal
organ may be separate from the ocellus.

It seems likely that the median and lateral frontal organs
are comparable structures, for their histology and general
distribution are similar. Their innervation is moderately
strongly developed, suggesting a sensory rather than a glandular
function.  The cells show little relationship to such glandular
cells as the labral glands in their staining properties. There
is the possibility that the small transparent area acts as a
reservoir. The ocellus seems to be an organ for light perception,
with pigment. There is little evidence to indicate whether the

frontal organs also have, or have had, a light perceptive function

or whether their function is connected with some other sense, such
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as cherno-reception. ihelr position on the body does not indicate
one sense more than another. There is a well developed compound,
eye, concerned with the perception of light, and the setae on the
antennule and other parts of the body have been ascribed a chemo-

sensory function. No definite statement is possible concerning

the function of the frontal organs.
The Compound %e.
In the majority of Crustacea there is a pair of compound eyes
composed of several units. In the Branchiopoda there are various
degrees of fusion. The compound eyes of Danhnia are almost
completely fused, although their former paired nature is still
indicated. @ They appear in the embryo as two separate units which
later coalesce. In the adult Danhnia magna, the compound eye is
a large, heavily pigmented structure at the anterior end of the
animal (Plate 17, e). A large central mass of pigment is
surrounded by 22 crystalline spheres. The eye has a median
indentation dorso-ventrally which can be traced through the centre
of the eye to give a distinct division into two parts.

Each unit of the compound eye is made up of several cells.
At the proximal end is a rhabdome surrounded by five retinula
cells (Plate 48, rh). Distal to these is a crystalline sphere(cr”
surrounded by five sphere cells and two supporting cells. Distal
again and immediately below the cornea are two small cells. All
of these cells contain pigment except the two corneal cells, the
pigment masking the cell boundaries so that it is difficult to
distinguish individual cells. The eye is surrounded by the

cornea and enclosed within an eye chamber. The eye chamber is
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formed by the cuticle from each side growing over in a fold until
it meets. Proximally the eye is connected to the optic ganglia
by long tracts of nervous fibres. The pigment has migrated into
the distal parts of these fibres,

'Vhen not filled with pigment, the distal or sphere cells have
a palely staining cytoplasm and the nucleus is hyaline with a
small nucleolus. There is less pigment in the postero-ventral
part of the eye.

In some of the Notostraca and Conchostraca a small pore
remains connecting the eye chamber with the outside environment.
This pore is not present in Danhnia. The external covering of
the eye chamber is composed of cuticle and hypodermis on either
side, indicating its derivation from folded integument.

Function,

The eye is in almost continual movement and plays a large part in
the orientation of the animal, keeping the dorsal part of the head
towards the source of light. This was supported by the experi-
ments of Schulz (1928),'fIKa>o a\so A- papet-  Pic

The Antennule.

The pair of antennules is situated close together on the ventro-
posterior part of the head, just above the tip of the rostrum
(Plate 22; a.l). In the female the antennules are short, stumpy
appendages, in the male they are longer. At its distal end each
antennule (Plate 52, a.l) carries nine short setae (ss) or
aesthetascs and one longer seta or bristle. The short seta have

rounded tips, the longer seta is pointed.
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Photomicrograph of the ventral region of the
head of a whole mount showing the antennule(a.l)
a.2,second antenna; chc,chitinous collar;
eye,cylindrical cells; fro,frontal organ cells;

nc,nerve ceils; ros,rostrum; ss,short seta.
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Each of the short setae is thin-walled and filled with

protopls.t>ni.  In the prouoplasin is embedded a loose mesh of nerve
fibres (Fig.142). From the nerve net a pair of small nerves (nf)
pass ont of the seta through the short chitinous collar (Fig.142;
Plate 55, chc) at the base of the seta. This collar is a
thickening of the chitin with a narrow central canal.  From the
collar, the nerve fibres proceed to the ganglion at the base of
the antennule (nc). Between the collar and the ganglion, the
nerve fibres lie within narrow cylindrical cells (Plate 52-54,eye)
which appear to originate from cells among the ganglionic cells.
The cells are flask-shaped with the bulb of the flask in the
ganglion.  From the ganglion the nerve fibres (Fig.142, n) lead
proximally and soon join to form the antennular nerve (a.In).

The longer seta has a similar structure except that it does
not possess a thickened chitinous collar.  The longer seta occurs
at the anterior edge of the antennule, towards the tip of the
rostrum, and is set distinctly apart from the other setae.  This
seta is often difficult to distinguish in the female, but better
developed in the male.

Function.
The short seta are generally considered to be chemo-receptors,

while the longer seta is thought to be a receptor for touch.

Bristles on the abdomen, second antennae and thoracic appendages.

The abdominal bristle or caudal seta.

Situated on the postero-dorsal part of the abdomen is a pair of

long bristles or setae (Plate 17, abb). They are placed side by
side in small sockets on a slight hump (Fig. 145; Plate 55),



Figure 149,, Diagram shorjing the parts of the antennule,
a.In, nerve to antennule; chc, chitinous collar;

n, nerve fibre; nc, nerve cell; nf, neurofibril;

ss, short seta.
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Plate 55* Photomicrograph of a vertical longitudinal
section through the ventral part of the head
showing one of the antennules(a.l), chc,chitinous

collar; eye,cylindrical cells; nc,nerve cells.
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Photomicrograph, of a transverse section through
the ventral region of the head showing the pair
of antennules(a.l). eye,cylindrical cells;

nc,nerve cells; ss,short seta.
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Figure 145. Vertical longitudinal section through an adult
Dophnia manna showing the base of the abdominal
bristle (abb) formed of spindle-shaped cells (spc¢)
surrounded at their distal ends by a ring of small,
darkly-staining matrix cells (mac), n, nerve.

Freehand drawing.
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Plate 55» Photomicrograph of the posterior region of a whole
mount showing the hase of the abdominal bristle(abb).
mac,matrix cells; me,mesenteron; mu,muscle;

spc,spindle-shaped cells.
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Each bristle is jointed halfway long its length and the distal

part is plumose, or feathered. The group of cells at the base
of the bristle is similar in appearance to that at the base of
the antennule. There are four long narrow spindle-shaped

cells (spc) with small nuclei. These are surrounded by a number
of much smaller cells (mac) staining more deeply and with very
small nuclei. These cells form a ring around the base of the
bristle and enter its proximal end. There are also a number of
short muscle strands in this region, the muscle being: a branch

of the third ventral muscle. A fine nerve (n) proceeds to each
bristle and apparently divides into three strands.

The bristle is probably sensory, being strongly innervated.
According to Leder (1915), the nenre fibres do not end in the last i
ganglion of the ventral cord but continue to the fourth centre in
the brain.

Other bristles, especially those on the second antennae.

The large bristles of the second antennae are plumose for the
whole of their length. They do not appear to have a cellular
base comparable to that of the abdominal bristle, except that
the nenfous innervation is well developed.

A number of bristles occur on other parts of the body such
as the thoracic appendages. They are usually innervated by

nerve fibres which also form a plexus in the thoracic appendages.

The bristles are comraonly ascribed a tactile function.
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1. External Features.

The external features of the species of Danhnia have been
described by many authors and accounts of the detailed structure
are given in systematic works. The appendages have received
special attention, and Bankierowa's (195?) study of the mandible
and the works of Storch (1924; 1925), Eriksson (1955) and
Lityhski (1916) are important. Descriptions of the feeding
mechanism of the appendages have been given by Cannon (1955; and
others), Lowndes (1955) and Hartog (1901), and of the swimming by
Scourfield (1900). A detailed description of the setae of
D carinata and of their structure, renewal and development was
given by Agar (1950). Haack (1917) describes the details of the
head shield. V/orks dealing with the structure of the carapace
are those of Hardy (1892), G-icklhorn (1925), Anderson and Brown
(1950) and Anderson (1955). Klotzsche (1915) also described the
form of the head and various parts of the carapace and forc¢a.
Danhnia has also been the subject of a considerable amount of

experimental and picrsiological work.
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m The Male.

An early description of the male of Danhnia manna was given
hy Leydig (1860), a more recent description by Scourfield (1945).

The male differs from the female principally in the larger
and distinctly jointed antennule; the presence of a hook on the
first pair of thoracic appendages; the presence near the end of
the abdomen of a papilla carrying the vas deferens, and the
frennent absence of one or more of the abdominal processes; the

comparatively larger compound eye; the smaller size and the

straighten dorsal margin of the carapace.
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Conclusion.

An investigation of the anatomy of the adult Danhnia magna
has led to the demonstration of a number of interesting points.
An outline of these will serve also to clarify the extent to which
the foregoing account is original work.

One of the most important advances made is the recognition of
the striation of the intrinsic muscles of the mesenteron. These
muscles have previously been regarded as unstriated and the
identification of their fine but well defined striations parallels
the recent work on insects in which it has been proved that the
vfeceral muscles are often striated, contrary to the original belief.
Amore detailed study of the alimentary canal than previously
available has led to a fuller description, especially of the
histology of the cells. The alimentary canal is a simple tube
except for the presence of a pair of caeca. These are not, in
Daohnia. greatly specialised for secretion and absorption,
functions which are taken over by”the caeca in many other
Crustacea.

To the description of the excretory system is added a revised
account of the histology of the cells. In particular the darker
border of the cells previously described is explained as due to a
greater aggregation of granules in this area of the cells. It
has been established that the duct of the gland opens at the base
of the second thoracic appendage. This must be a secondary shift
from an original opening on the maxilla, the maxilla having become

Sreatly reduced. The duct opens at the end of a small papilla.
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The excretory organ of Danhnia can be derived directly from the
general pattern of maxillary glands found in Crustacea.

The distal labral glands agree in general with the
description of the rlands in Simocenhalus vetulus and are strongly
deireloped. Tlie proximal labral glands are larger and better
d&"%eloped than these glands in Slmocephalus and show an even
greater relationship to the distal glands. The labral glands
form a well developed glandular system, their secretion assisting
in the process of feeding. Labral glands have also been
described in Anostraca (Branchipus. Chirocephalus and Artemia) and
Conchostraca (Limnadia and Limnetis) and possibly occur in the
majority of Branchlopods. There has been disagreement over their
function in Chlroceplialus. Cannon (1928, 1935, a and b) suggesting
that they are associated with feeding, Nicholson and Yonge (1935)
that they are concerned in the formation of the cuticular portion
of the integument. 'Tn Danhnia the labral glands are distinctly
better developed structures than those present elsewhere on the
body and it is probable that their function is similar to that
described by Cannon (1922) for the labral glands of Slmocephalus.
that is that they are associated with feeding.

A pair of receptacula seminis have been identified for the
first time in Daphnia. Each forms a posterior continuation of
the ovary and is a thin duct with a wall one cell thick. Existing
descriptions of the development of the eggs in the ovary have been

brought together and clarified but have been found to cover all

the essential points.
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A detailed examination of the wall of the heart lias led to
the identification of an incomplete layer of longitudinally
arranged muscles as well as a complete layer of circular muscles.
This longitudinal layer, originally suggested by Claus (1876),
has been disregarded or denied in later descriptions.  The
general plan of the vascular system agrees with the general
Crustacean plan of heart, short aorta, and sinuses.

Tn the description of the fat cells, the detailed work of
Jftger (1955) is followed.

A new interpretation has been put forward for the cells of
the wall of the branchial sacs, or epipodites. Tt is suggested
that the well is made up of essentially one type of cell which
passes through a series of phases of activity. Various lines of
evidence indicate the.t the cells are active cells and this would
agree with the suggestion that they pass through a number of
phases. Previous descriptions have referred to two types of
cell. These two types are two phases of activity and are linked
by intermediate phases. The description of Fiedler (1908) of
the two phases necessitates correction in a number of points due
to inadequate fixation.

Thirther description is given of the histology of the muscles.
For their distribution the work of Binder (1952) is followed in
general. It should be pointed out that Daphnia possesses a pair J
of well developed adductor muscles for the closure of the carapace.
It is sometimes suggested that a lack of this muscle is a point

distinguishing the Cladocera from the Gonchostraca, for example

Borradaile et al (1955).
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Previous descriptions of the nature and distribution of an
internal skeleton have been confused. Danhnia possesses an
endoskeleton in the form of a plate in the region of the
mandibular adductor muscles, as well as thickenings of the outer
integument in the region of the attachment of the more highly
developed muscles.

A complete description of the nenrous system of Daphnia is
given and the nervous system is compared with that of other
Crustacea. The antennal ganglia are not included in the brain
so there is no tritocerebrum. There is little concentration of
ganglia, a distinct ventral nerve cord being present.
Concentration has occurred only in the region of the mouth parts.

Danhnia possesses compound and median eyes, various sensory
setae, and a number of frontal organs which may be sensory, being
strongly innervated. The frontal organs, median and lateral,
and the ocellus appear to bear some relation to each other but
the frontal organs show little indication histologically of
light-sensitivity. The antennule bears a well developed sensory

organ, in the form of a number of setae.
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Discussion.

The governing factor in the development of Daohnia manna is
the presence of an extremely large onantity of yolk which fills
most of the newly laid egg and remains prominent during the
greater part of the development. This large proportion of yolk
influences nearly every stage of the development, and to it can be
attributed the superficial cleavage, the indeterminate nature of
the development, the gastrulation by immigration, the unusual
method of the development of the mesenteron and the yolk cells,
and the feeble development of the coelomic sacs in the mesoderm.
The differences between the development of the parthenogenetic
and the ephippial eggs are due to differences in the state of the
yolk content.

The majority of cladoceran eggs previously described have a
total cleavage, exhibited for example by Polyphemus and comparable
to the cleavage in the copepod Calanus. In the egg of Daphnia
pulex.which has a greater proportion of yolk than that of
Polyphemus but less than that of D. magna. the cleavage is related
to that of D. magna but the nuclei remain nearer to the surface of
the egg and each dominates the surrounding yolk (Baldass, 1942).
In D. magna the initial cleavages occur near the centre of the egg
and result in a number of isolated blastomeres which has no
visible influence upon the surrounding yolk. There is therefore
a series in the Cladocera in which yolk content and cleavage are
correlated, extending from species of which the eggs are poor in

yolk and have a total cleavage, such as Polyphemus, at one end of

the series to species of which the eggs are rich in yolk and have
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a superficial cleavage, such as D. magna. at the other end of

the series. A comparable series is present in insects
(Johannsen and Butt, 1942). The investigation of the early
development of D. magna has broadened our knowledge of cladoceran
embryolo,gy to show that in this group, as in many other groups,
the kind of cleavage is related to the quantity of yolk.
The initial internal cleavage followed by the migration of
the blastomeres to the surface of the egg along cytoplasmic
strands and the establishment of a blastoderm at first without
cell membranes, is a kind of development similar to that described
not only in insects with eggs rich in yolk but also in the
crustacean Ilemimysis lamomae (Manton, 1928). Probably a
similar development occurs in other Crustacea with yolky eggs, |
The development of the eggs of Danhnia mauna is indeterminate,
since the genital cells are not distinguishable until the time of |
gastrulation (p.69). Again a continuous series appears to exist
in cladoceran development, with Polyphemus at one end with
determinate development and D. magna at the other end with the
first sign of differentiation occurring at the time of
gastrulation. An intermediate stage is seen in Simocephalus
vetulus. the development of which was described by Cannon (1921).
In D. magna it is still not possible at this stage to distinguish N
between the cells of the mesendoderm. It is difficult to relate
cleavage pattern to egg pattern and the pattern of differentiation,

but probably the results of the work of Baldass (1942) on D. pulex

indicate the situation in D. magna also and the three axes, the

cleavage axis, the egg axis and the axis of differentiation do
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not coincide. The results of Baldass support the suggestion of
Child (1941) that '"there are considerable differences in cleavage
pattern and its relation to egg pattern and to pattern of
differentiation among the entomostraca'.

The gastrulation resembles that of other very yolky
arthropod eggs, occurring by immifTation with very little sign of
invagination, whereas in Polyphemus the invagination is more
marked.

The most important effect of the large quantity of yolk is
on the development of the mesenteron. In most Arthropods and
Annelida the endodermal cells enclose the yolk and form a cylinder,
gradually absorbing the yolk. The yolk therefore lies within the
cavity of the alimentary canal during the greater part of the
development and the embryo develops around it. In Daphnia magna
the endodermal cells do not attempt to grow around the surface of
the yolk but remain in a ventral position where they form the
mesenteron as a solid rod of cells. The mesenteron later develops
a cavity by the breakdown of the central cytoplasm. The cavity
of the alimentary canal does not at any time contain yolk. An
intravitelline development is mentioned by Grobben (1879) in his
work on Molnn rectirostris but received no attention.  The
development of the mesenteron is not mentioned in the accounts of
Polyphemus and has been almost completely ignored by workers on
the embryology of the Cladocera.  The mesenteron is figured by
Agar (1908) and by Cannon (1921). When observing the development

from living material, the development of the mesenteron is

obscured by the yolk surrounding it. A similar development of
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the mesenteron is known in some ostracods and a few isopods and
schizopods (Dawydoff, 1928). A development which is so different
from that of the majority of Arthropods, including other Crustacea,
is extremely interesting and important. The explanation possibly
lies in the large amount of yolk in D. mama, but a similar
development of the mesenteron probably occurs in all the Cladocera.
It would be interesting to determine how widespread the phenomenon
is, and if it occurs in other groups of Branchiopoda. The early
embryology of the other groups of Branchiopoda has been little
studied. The paper by Claus (1886) on Branchipus and Artemia
deals with the development after the animal has hatched as a
nauplius, while that of Brauer (1892) on Branchipus is mostly
concerned with the early nuclear divisions.  The work of Cannon
on both Estheria (1924) and Chirocephalus (1926) also commences at
the nauplius stage when the mesenteron is already formed and the
yolk is present as yolk spheres within the cells. Weisz's (1947)
paper on the development of Artemia indicates that the mesenteron
forms around the central yolk. There is no indication of the
situation in the Kotostraca since the embryology of the group has
been almost entirely neglected. = Among the Branchiopoda, the
Cladocera are therefore the only group known to have this unusual
feature in their development.

Recent work on crustacean embryology has shown that the yolk
Cells usually arise from endodermal cells, and not from mesodermal
Cells as was often suggested by earlier workers.  This has been
found by Manton (1928; 1954) to be true for both iemimy.”s and

jebalin.  Most of the earlier workers on the embryology of the
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Cladocera have also suggested that the origin of the yolk cells is

mesodermal, and it was therefore interesting to determine if, in
their case also the origin of the yolk cells is in fact endodermal.
Investigation has shovim that the yolk cells develop from the cells
of the blastoderm and from any cells surrounding the yolk except
for the genital cells. Their origin is neither mesodermal nor
endodermal.  Early in the development of the egg all the cells,
except for the genital cells, contain yolk granules. The
formation of the yolk cells has begun at the time of gastrulation,
before the appearance of the endoderm and mesoderm. A similar
development of the yolk cells occurs among some of the Orthoptera.
In the case of Daohnia magna» no cells remain in the centre of the
egg after the cleavage cells have migrated to the periphery
although in some Orthoptera a number of yolk cells are formed from
such cells. This method of formation of the yolk cells in

D map:ma may occur in all the Cladocera but differs from that in
other groups of Crustacea that have been investigated.

As in some other Crustacea, the mesendodermal cells are not
at first distinguishable into endoderm and mesodem, nor into an
ectomesoderm and a mesendoderm.  When the cells become
differentiated into two groups, one group forms the mesenteron
Only and therefore comprises the endodermal cells, while the other
group is the mesoderm.

Recent work has identified the presence of coeloraic sacs in

a wide range of arthropods so that they have now been found in all
classes of Arthropoda, including many Crustacea. Among the

branchiopoda, coelomic sacs have been identified by Cannon (1924;
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1926) in Estheria and in Chirocenhalus. In the nauplius of
these two genera, the mesoderm of the post-mandibular region,
together with the genital cells, fills the space between the
endoderm and the ectoderm. A mid-dorsal split appears in the
mesoderm and forms the cardiac cavity. Coelomic sacs appear,
the outer walls of which form the dorsal longitudinal muscles of

the trunk. In Estheria. the walls of the first four coelomic

sacs form the heart, while in the ventral mesoderm a cavity appears

in connection with the first coelomic sac and becomes the end sac
of the maxillary gland. In Chirocephalus. the outer walls of the
coelomic sacs sinic in very quickly and the heart forms slightly
differently in the different parts of the body, although always
the process is a modification of that found in Estheria. The
anterior part of the heart forms by essentially the same method as
that found in Estheria. The inner angles of the coelomic sacs
grow together to meet on the dorsal surface of the alimentary
canal and form the ventral wall of the heart. Posteriorly, the
dorsal angles meet while the inner angles remain in contact with
the dorso-lateral part of the alimentary canal. In the middle
region, both the inner and the dorsal angles of the coelomic sacs
grow inwards to meet and close the cardiac cavity completely.

The heart in this region becomes a solid plug of cells, in which
a tubular cavity forms later. The maxillary gland develops from
the ventral mass of mesoderm in connection with the wall of the

first dorsal coelomic sac and is entirely mesodermal in origin.

The end sac appears before the coils of the gland.

The development of the heart and the maxillary gland in

i 0
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Cladocera has previously been briefly mentioned by Grobben (1879)
in his description of the embryology of Moina. @ He states that
each arises irom a solid group of cells which acouires a central
cavity.

In Daphnia magna, (Pig.144), the mesoderm in the post-
mandibular region of the embryo, at the stage approximately
comparable to that of the nauplius, laterally forms a thin layer
of cells on the outer edge of the yolk and against the ectoderm
and is thickened in the ventral region on either side of the
alimentary canal. The lateral mesoderm is separated from the
endoderm by a large quantity of yolk which also fills the dorsal
part of the embryo.  The mesoderm of the two sides does not meet
in the mid-dorsal line. A transverse section of the embryo of
b. magUR at this stage of its development differs markedly from
that of Estheria or Chirocephalus principally because of the
presence of a large quantity of yolk. No mid-dorsal split
appears in the mesoderm because this region is occupied by yolk,
A single pair of extremely small coelomic sacs appear in the
dorsal edge of the mesoderm in the maxillary region. No other
coelomic sacs are present and there is no sign of segmentation in
the developing ventral mesoderm. The dorsal edge of each coelo-
roic sac, and the mesoderm on either side of it, extends dorsally
until the lateral mesoderm from either side meets in the raid-dorsal |
line. A compact layer of mesodermal cells is now present
covering the upper surface of the yolk in the maxillary region,

nnd this mesodermal layer is thickened in the future heart region.

A Cavity forms in the centre of the heart, and the dorsal



Figure 144. Diagram showing the method of heart formation in

Daohnia. m, mesoderm; mes, mesenteron.
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longitudinal muscles and the pericardial cavity are formed in much
the same way as in Estheria and Chirocephalus by the shrinkage
inwards away from the ectoderm of some of the dorsal part of the
mesoderm on either side of the heart. This mesoderm is an
extension of the outer wall of the small coelomic sac. The heart
therefore forms in Daphnia in much the same way as the middle
region of the heart of Chirocephalus. A noticeable difference is
that it is not attached to the alimentary canal but separated from
it by yolk. Otherwise the method of heart formation is similar.

The end sac of the maxillary gland of Daphnia mapxia develops
as a cavity in the ventro-lateral mesoderm in the same region as
that in which the coelomic sac was present. The coelomic sac is
difficult to trace, but it almost certainly is connected with the
end sac of the maxillary gland. The maxillary gland of D. magna
is also mesodermal in origin. As in Chirocephalus. the end sac
appears before the loops of the gland.

Tlie heart develops in Daphnia magna slightly before the septa
defining the blood spaces. When the heart starts beating the
septa and the blood cells are present. The septa appear to
develop as layers of mesodermal cells defining cavities between
ectoderm and mesoderm. If there is a layer of mesodermal cells
on the outer wall of the cavities, it is extremely thin. The
perivisceral space, or intestinal cavity, is. formed by the collapse |

of yolk and the formation of yolk cells and also by the movement

of the mesenteron towards the dorsal surface of the embryo. The
.esenteron acquires Its muscle layers from the veutral mesoderm.

4s It moves dorselwards, the mesenteron *Ith its muscles separates
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from the ventral mesoderm and the intestinal cavity is formed :
surrounding the mesenteron and the genital cells. In Estheria
and Chirqc¢cphalus the perivisceral cavity is formed by the
appearance of a space between the more ventral mesoderm and the
alimentary canal.

In Dajahn] a maiuia. some at least of the blood cells arise from
small mesodermal cells in the embryo. In Artemia. Lochhead (1941)
found blood-cell-forming organs, the first description of such
organs in entomostraca. The organs are situated near to the
bases of the limbs and each is in the form of a nodule. No such j
organs have been found in Daphnia. although in a similar position A
there are a large number of fat cells. In liemimysis. Manton (1928)"
described the origin of the blood cells which separate from the
upper edges of the mesodem and wander upwards betvreen the yolk
sac and the ectodem, dividing mitotically. In insects, the
blood cells arise in the embryo from undifferentiated mesoderm
cells, and later from the mitotic division of the blood cells
already present (Wiggleswortli, 1953).  The situation in Danlinia
is comparable to liernimvsis and to insects, the blood cells arising
from dorsal mesoderm cells in the embryo and multiplication by
division liaving been suggested in the adult.

Except in themaxillary region, the lateral mesodem remains
fiu extremely thin layer, only about one cell in thickness, until
late in the development of the embryo. The region between the
endoderm and the ectodem is principally taken up by yolk and yolk

sells, making a most striking feature of the developing embiyo.
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The genital cells of Daphnia maaia do not undergo an early-
secondary reduction in number, as they do in some Crustacea. In
the adult, the gonads lie in the intestinal or perivisceral cavity
which is formed by the collapse of yolk and are not apparently
related to a coelomic sac. The ovary does not develop a true
central cavity, as it does in most Arthropoda, since the whole
circumference of the organ is filled with eggs. In the testis,

a central cavity is formed.

Conspicuous in the ectoderm are the large cells of the
"Scheite 1"-plate, which in the early stages of development, rival
the genital cells in size, although in the embryos of most animals
the genital cells are the largest cells. The "Scheitel'-plate
forms the nervous system and sense organs of the head. The ventral
nerve cord is formed from the ventral ectoderm. Both these
processes are comparable to those in related animals.

The dorsal organ of Cladocera has aroused much interest. It
is found in many Cladocera and has been compared ooether structuies
of similar appearance in related groups. It has sometimes been
called the neck organ, and at other times confused with the '"Haft"-
organ, or clasping organ, of Sida to which it is possibly related.

The term neck organ has also been applied to a structure in
Similar position in young SrteBia. »eiss (1947) suggested ttot
the function of the neck organ in Artal& is to provide support at

the attachment of the antennal muscles which are large in the

young animal when the antennae are used for swimming, but reduced

in later life when the swi-ing is taken over by the thoracic
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appendages. In the embryo of Daohnia the antennal muscles are
not related to the dorsal organ. A dorsal organ Is present in
Trlops, in which it snnrives in the adnlt. It may be related to
the dorsal organ of Cladocera. The terra neck organ has been
applied to almost any organ in' the Branchiopoda, usually in the
form of a swelling, in the region of the junction of the head with
the thorax.

In the embrjro of Daphnia. the dorsal organ is .present when the
egg is one day old and survives until about the third instar. It
consists of a group about a dozen cells in length and a few cells
in width. The cells are large and contain large nuclei. The
nuclei move to the inner part of the cells and the outer part
contains granules. The cells stain more deeply than the
surrounding ectodermal cells but not as deeply as for example the
labral gland cells. During the embryological development, the
basementraembrane becomes uneven and breaks down and the cells
begin to degenerate so that the number of nuclei come to exceed
the number of cells. The dorsal organ is bounded internally by

yolk.

At one stage during the development, the dorsal organ is
connected to the anterior end of the heart by a row of cells.
At a later stage, it is connected to the dorsal flexure of the
mesenteron by fine trabeculae. This is shortly before the animal
hatches from the brood pouch of the mother and the dorsal organ is

beginning to degenerate. It is possible thst the mesenteron plays

some part in the degeneration.
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The condition of the dorsal organ in the embryo does not
provide much evidence concerning the function. Earlier workers,
siich as Gicklhorn and Keller (1925,¢) and Dejadar (1950), found
that the dorsal organ shows an affinity for vital stains, while
Dejadar and Gicklhorn (1953) noted the concentration of Colaclum
aroimd the organ suggesting the presence of carbon dioxide.

These results lead to the suggestion of a respiratory function.
Further support for this theory is the relationship of the degree
of development of the branchial sacs to that of the dorsal organ
(Dejadar, 1930). The dorsal organ degenerates as the branchial
sacs begin to function, and in forms in which the adult has no
branchial sacs the dorsal organ does not degenerate.  Other
suggestions that have been made are that the dorsal organ
functions as a secretory organ, for instance that it secretes the
chitinous exoskeleton, that it is a sensory organ or that it is
concerned in the regulation of osmotic pressure. The large,
deeply staining cells suggest that the dorsal organ performs some
function and also that this function is one which involves the
contents of the cells, such as an exchange of substances, rather
than a budding off of cells, such as blood cells, or any similar
function. The nature of the cells and the fact that any nerve
to the dorsal organ must be small, suggest that the function is

not a sensory one, A secretory function is possible but a

respiratory function seems the most likely one.
The development of the ephippial egg is in most respects

similar to that of the parthenogenetlc egg, a fact which was also

noted by Baldass (1942). Fangauf (1921) stated that there are
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marked differences between the development of the two Kinds of
eggs. After remarking that the cleavage in the parthenogenetic,
or summer, eggs is superficial in contrast to that in the
ephippial, or winter, eggs, Fangauf states his fourth point:
"Zwischen der Entwicklung des Somraereies und des Wintereies
bestehen noch andere weitgehende Unterschiede". The different
conclusions arrived at by Fangauf cannot be attributed to the
fact that he worked with Daohnia pulex as this was also the species
studied by Baldass.  The cleavage in both kinds of egg is super-
ficial, and the differences present in the development of the eggs
depend primarily on the state of the yolk content and are not far-
reaching. The differences mainly concern the later formation of
the membranes between the blastoderm cells and a greater inclusion
of yolk within these cells in the ephippial egg, together with the
more conspicuous nature of the yolk cells due to the smaller size
of the yolk granules in the ephippial egg and the fact that they
do not appear to be as tightly packed together. The developing
ephippial egg of D. mama in the blastoderm stage is similar in
appearance to the egg of .Artemia as depicted by Fautrez-Firlefyn
(1951) and to that of Branchipus depicted by Brauer (1892).
Sections of the egg of Triops also have a similar appearance.

The majority of the ephippial eggs of Daphnia magna pass
through a diapause at the stage of gastrulation. In Arthropoda,

it is generally concluded that diapause occurring in the early

stages of embryogenesis must depend upon the state of the mother,

which influences the kind of egg produced. In Daphnia, the
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cause for the production of ephippial eggs appears to be the
lowering of the general metabolic rate, and the availability of
food an important factor. Andrewartha (1952) considered that
evidence from ecological studies indicated a central position for
some metabolic process associated with food reserves stored in the
fat body or egg yolk as a general cause of diapause in insects.
The difference in the nature of the yolk content in the two kinds
of eggs of Daohnia is interesting in this connection. But
G allistel (1956-7), in histochemical investigations, found no
principal difference between the reserve material of the partheno-
genetic and ephippial eggs. Also Hinton (1955) and Lees (1955)
criticise the hypothesis of Andrewartha and other related theories.
Hinton suggests that diapause in insects is brought about by the
production of a diapause hormone and by the prothoracic glands
ceasing to secrete. His ideas are in keeping with those of
Wigglesworth (1955).

In insects, the factors causing the breaking; of the diapause
appear to vary. The recent work of Basden (1954) suggests that
In Drosoohil® the ending of the diapause is related to a higher
temperature. A similar result is indicated by the experiments
with the ephippial eggs of Daphnia magna (p. 10:), in which a rise
in temperature from 18° to 28°C. seems to be the only factor of
importance. The experiments of Hall (1955) with the eggs of
Chirocephnlng diauhanus suggest that desiccation is not necessary

or advantageous to the hatching of the eggs. This is in agreement

with the experiments with the ephippial eggs of DapMia made by
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Banta and his co-workers (1939).

The development of Daphnia magna exhibits a number of general
differences from that usually seen in Crustacea, or other
Arthropoda. One of these differences is the order of the develop-
ment of the appendages, which do not develop in series from
anterior to posterior. The second antennae appear early, which
will be connected with their importance as swimming organs.  The
mandibles develop soon afterwards and also grow to a large size,
being important in feeding. The first antennae, or antennules,
develop later and are small, undergoing a slight secondary
reduction during the embryonic development.  The t?0 pairs of
maxillae develop almost at the same time as each other, the first
pair being lateral to the second. The first pair soon degenerates,
and the second pair remains small. There are no maxillary
ganglia in the adult. The thoracic appendages all develop
together, in contrast to the majority of other Crustacea where
they are added segment by segment.

Another interesting feature is the relatively late develop-
ment of the alimentary canal in comparison with other Crustacea
whose development includes a nauplius stage. The large quantity
of yolk available for nourishment allows for the relatively late
development of a cavity in the mesenteron, which does not possess
a continuous central cavity when the egg membrane is shed.  The
embryo which hatches from the egg membrane is sometimes referred

to as the nauplius stage in Daphnia, but is further developed than

the usual nauplius since it has thoracic appendages and an abdomen
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as well as the rudiments of the carapace folds. The alimentary
canal is less well developed than in the usual nauplius stage.

The early development of the labral glands is comparable to
their early development in Estheria (Cannon, 1924) although the
embryo of Daphnia does not begin to feed until it is fully
developed. The large nuclei are reminiscent of the salivary
glands of, for example. Drosophila.

The changes in the colour of the eyes, from pink to brownish
red to black, already noted by earlier workers, are comparable to
those observed in Gammarus by Ford and Huxley (1927).

An absorption of water is an important feature of the
development. It accounts for the osmotic hatching, a method
observed in varying degrees in other Crustacea, such as copepods
and Hemimvsis. A gradual increase in volume takes place through-
out the development, with two major increases when the membranes
are shed. If the entry of water by osmosis is prevented, the egg
or embryo fails to hatch but continues to develop and a closed
development results. The osmotic pressure relations may also be
the explanation of the failure of the eggs of Daplmia to develop
if removed from the brood pouch of the mother within about three
hours after laying, since many of these eggs burst on being
removed. In that case, nourishment in the brood pouch may not be

necessary in any stage of development since it is not necessary

after the initial three hours.

The embryo leaves the brood pouch of its mother as an

immature adult, that is, direct development takes place. A
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discussion of the adult anatomy is included at the end of the
relevant section (p.?i0). As a Crustacean, the principal
modifications from an animal such as Chirocephalus which Daplmia
has undergone concern an obliteration of traces of segmentation
with a shortening of the body and a specialisation of the
appendages. The arrangement of the musculature in part indicates
a metameric origin; the nervous system shows more distinct signs
of segmentation being only slightly condensed. Greater
modifications are seen in the shortening of the heart to a sac-like
organ of two segments, in the reduction of the two pairs of
maxillae to one small pair and in the specialisation of the
thoracic appendages enabling a reduction in their number.  The
specialisation of the thoracic appendages is correlated with the
development of the second antennae as strong swimming organs.
There has also been an alteration in the position of the opening
of the male genital duct, and the genital organs are simple sac-
like organs without trace of segmentation. The fat cells are a

specialisation for the storage and breakdown of substances,

highly developed in Daphnia.
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Stnnmag/ of advances made In this thesis.

When writing a comprehensive account of a subject in which
there has been a considerable amount of previous work, the
consecutiveness of the account may be impaired if the distinction
between old work and new is too greatly stressed. Care has been
taken throughout the text to distinguish betv/een facts that have
been acquired from earlier authors and work that is new. But in
order It0>cle'arly distinguish the advances that have been made in
this thesis, the most important are summarised here.

1. A technique which is adequate for the material has been
developed by the fine adjustment of both conditions and times.

2. The embryos of any one brood show a variation in the time taken
for development, even when all are kept at the same temperature
and in uniform conditions. The embryos of a brood often show . j
variation in the amount of yolk which they contain. The amount
of yolk may influence the time taken for development.

5. Observations on the development of Daphnia magna eggs living at
18°C. give greater detail than has previously been available,
and will enable the more exact definition of the stage during
the instar of the mother for experimental and ecological work.
The first such series of observations on the development of
the ephippial eggs has been made.

4. The parthenogenetlc egg of Daphnia magna always contains more
than one oil droplet, in contrast to the egg of D. pulex which
contains only one oil droplet. The number of oil droplets

increases during development and the droplets become smaller.



232.

5. The egg of Daphnia magna contains a large amount of yolk which
has an important influence upon the development of the egg.

Some of the yolk remains unaltered until after the young animal
has hatched from the brood pouch of the mother.

6. The first modification of the external shape of the egg occurs
when the egg is 18 hours old and marks the beginning of the
broad antennal folds. The second antennae develop early, as
do the antennal muscles. This early development is correlated
with the Importance of the antennae as sirimming organs.

7. The thoracic appendages all develop together.

8. The first antennae, or antennules, develop late, when the
rudiments of the thoracic appendages are already present. The
antennules undergone a slight secondary reduction in size.

9. Both the pairs of maxillae are present when the embryo is
agergximately 55 hours old. The pair is lateral to the

pair and disappears during the next few hours.

10. The outer egg membrane bursts when the egg is 34 to 41 hours
old. '"The second, or embryonic, membrane bursts when the embryo
is 51 to 59 hours old.

11. Ibe pigment of the eye develops when the embryo is approximately
47 hours old. The pigment at first forms a single area, it
then divides into two, and later coalesces again.

18. The fir st movements occur when the embryo is approximately
67 hours old, and are made by the thoracic appendages.

18. The heart starts to beat when the embryo is approximately

68 hours old. The beat is irregular until after the animal

has hatched.
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14. The dorsalj spine is extended when the embryo is approximately
92 hours old. The extension of the spine takes place by the
animal performing a somersault.

15. The development of the ephippial eggs is similar to that of
the parthenogenetlc eggs but slower. 'The only external
modification present when the, eggs are shed at the end of the
instar is a small shallow depression near to one end of the
egg.

16. Further experiments have been carried out to show more con-
clusively that the eggs of Dg.nhnia magna.will, while the eggs
of Moina rectirostris will not" develop outside the brood pouch
of the mother or in the brood pouch of the dead mother. In
confirmation of earlier work, the eggs of D. magna will not"
however develop if removed during the first three hours after
they have been laid into the brood pouch.

17. The initial cleavage divisions take place in the centre of the
egg with no external sign of segmentation. The divisions are
not entirely synchronous and the resulting blastomeres are
scattered irregularly through the yolk.

18. The blastomeres migrate to the periphery of the egg at
approximately the 12- to the 16-cell stage. Here they form a
layer of cytoplasm with nuclei but without cell membranes.

No nuclei are left behind in the centre of the egg. Cell
boundaries form later in the peripheral layer.

19. Gastrulation occurs by immigration of cells from a restricted

area of the blastoderm, together with a very small invagination.

An irregular inner group of polygonal cells is formed.



20.

21.

22,

23.

234.
consisting of the genital cells and the mesendoderm. All
the mesendodermal cells are similar and contain yolk, as do
the blastoderm cells. The "Scheitel''-nlate is present at
this stage and its cells rival the genital cells in size.

The endoderm becomes distinguishable from the mesoderm when
the egg is approximately one day old. It forms a .group four
to five cells in width and about three cells in height.  The
endodermal cells are larger and less granular than the
surrounding cells. They contain large nuclei with few
chromatin granules.  The endoderm forms the mesenteron only.
The stomodaeal and proctbdaeal invaginations are
distinguishable at this stage of development.

The endodermal cells form into a solid rod which is
recognisable at first anteriorly. The caeca of the
mesenteron and the anterior dorsal flexure of the mesenteron
are formed at the same time.

The mesenteron rod develops a central cavity by the breakdown
of the cytoplasm in the centre of the rod, when the embryo is
just over two days old. The central cavity develops from
the anterior end towards the posterior end of the mesenteron.
The mesenteron separates from its position adjacent to the
ventral ectoderm and moves towards the dorsal surface of the
embryo.  With the movement of the mesenteron dorsally and
with the development of the abdomen, the posterior flexure of

the mesenteron becomes more marked.  The furrows present at
the junction of the stomodacum and proctodaeum with the

mesenteron become conspicuous. Mesodermal cells surround
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the stomodaecum and the proctodacum and form the muscles. =
The mesenteric muscles develop slightly later.

The inner rods and the peritrophie membranes develop shortly
before the animal hatches from the brood pouch of the mother.
When the animal hatches the alimentary canal is fully
developed but empty. It never contains yolk.

Within the same egg, the yolk stains differently at different
stages of the development, and in different parts of the egg
at the same stage of development.

The yolk cells first aupear shortly before the time of
gastrulation. '"Their formation continues during the process
of gastrulation and the differentiation of the mesendoderm.
The yolk cells do not form from any one germ layer but from
the cells surrounding the yolk. They occur at moderately
regular intervals in the peripheral area of the yolk and
gradually move towards the centre of the egg.

At a later stage, a cytoplasmic, syncytium is formed through
the yolk connecting with the yolk cells. -A portion of the
yolk becomes vacuolated and changes its staining reaction. -
The yolk cells develop directly into the fat cells which are
present in the adult. Fat cells, yolk cells and unaltered
yolk are present when the animal hatches from the brood pouch

of the mother.
The mesoderm develops from the lateral and the anterior parts

of the mesendoderm and is composed of small irregularly shaped,
granular cells with small nuclei containing scattered chromatin

granules. The mesoderm thickens anteriorly, and to a smaller
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extent posteriorly, but laterally remains only one cell, thick.
A single pair of extremely small coelomic cavities occurs in
the maxillary region in the dorsal edge of the mesoderm. The
cavities are enclosed by a single layer of mesodermal cells..
At this stage, the dorsal edge of the mesoderm is widely
separated from both the mesenteron and the raid-dorsal surface
of the embryo by the central yolk mass. In this respect the
embryo of Daphnia maima is strikingly different from that of
Estheria or Chirocephalus.

The mesoderm is especially thickened in the lateral part of
the maxillaiy region. It gradually extends over the dorsal
surface of the yolk from the posterior end of the animal and
in the maxillary region, where the mesoderm from the two sides
meets to fom a compact mass of cells in the future region of
the heart.

The heart is formed from a compact mass of cells, the central
cells of which collapse. The end sac of the maxillary gland
almost certainly originates in connection with the small dorsal
coelomic cavity. The heart and the end sac of the maxillary
gland develop at the same time, as does the rudiment of the
maxillary gland loops. %e rudiment of the maxillary gland
loops is composed of large, spherical, deeply staining cells
and the loops do not develop cavities until much later in the
development. Small cells which are probably blood cells are
first observed at about this stage of the development.

The proximal and distal labral glands develop at an early

stage, when the embryo is approximately 50 hours old.
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The dorsal mesoderm posterior to the heart collapses. The
septa and the blood spaces develop secondarily, the ventral
cavities betiveen the ectoderm and the mesoderm. The septa
are at first formed of a row of mesodermal cells, which become
thinner. Small blood cells are present inside the heart and
the carapace folds.  When the heart starts to beat, when the
embryo is approximately 68 hours old, the blood spaces and
the blood cells are well developed.

The genital cells are distinguishable at the time of
gastnilation. The cells are large and coarsely granular with
large nuclei.

At the time of the bursting of the outer egg membrane, the
group of genital cells divides into two and the cells increase
in number. The two groups of genital cells move to a dorso-

lateral position with little further increase in the number of

cells.
By the time that the animal hatches, the genital rudiments laave

increased in length but the cells are all alike and there is

no central cavity.

The dorsal orrran is present when the egg is one day old, and
remains visible until approximately the third instar. It
consists of a group of swollen cells in the ectoderm, which
soon stain more intensely than the surrounding cells. The
cells have large nuclei and nucleoli. The nuclei move to uhe
inner part of the cell, while the outer part becomes filled

with granules. The dorsal organ lies close to the anterior

flexure of the mesenteron, to which It Is connected at a later
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stage by a number of fine trabeculae. After the animal
hatches, the cells become smaller and the organ gradually
disappears.

The ephippial egg differs from the parthenogenetlc egg in the
yolk content. The yoUc globules in the ephippial egg are
smaller and of a more even size, and their staining reaction
is different. Differences between the development of the two
kinds of egg are mostly due to the difference in the state of
the yolk. Differences in the development include the later
formation of the cell membranes in the peripheral layer of
cytoplasm and the greater yolk content of these cells when
formed, and the more conspicuous nature of the yolk cells in
the ephippial egg.

When the ephippial eggs are shed by the mother at the end of
the instar, they have reached the stage of gastrulation and
enter diapause at this stage.

A number of experiments have been undertaken in an attempt to
determine the factors which will break the diapause. The
only significant result is that a rise in temperature of

10°C. increased the percentage hateln

Development after the diapause has been broken takes two to

three days.
The newly hatched animal differs from the adult animal in

various features of the alimentary canal, the reproductive

system, the fat cells, the sense organs and the external

features, including the dorsal organ.
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A revised and extended account of the anatomy of the adult
animal is given.
The circulaX and longitudinal muscles of the mesenteron are
striated. A detailed account of the histology of the cells
of the mesenteron is included.
A revised account of the histology of the maxillary gland is
included. A e excretory duct opens on the base of the second
thoracic appendage on a small papilla. The position of the
opening has previously been in doubt.
A detailed account of the labral glands, is included and the
glands compared to those in Simocephalus vetulus.

A receotocnlum seminis has been identified for the first time

in a species of Daohnia.

An incomplete layer of longitudinal muscle has been identified
in the wall of the heart. This is in addition to a complete
layer of circular muscles. The circular muscles are arranged
in pairs.

It is suggested that the cells of the branchial sacs are all
one type of cell which pass through a number of phases, of
which four are described. The phases grade into each other.
The description of tlie histology of the cells is revised.

The ocellus has four pigment cups, in confirmation of early
authors but in disagreement of Leder. The cells in the

anterior and lateral arms contain two long thin transparent

areas which appear to be degenerating rhabdomes.
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54. A number of irregularly arranged cells, of a similar nature
to those of the median frontal organ, occur in two groups on
the rostrum. The dorsal group is connected to the pair of

median frontal organ cells, and the ventral group possibly

to the ocellus.

56. The antennules are well developed as sensory organs.
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