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                            Introduction

    Although many works have been published on the
Crustacea during the last hundred years, little has been
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of Stomatopoda. BRooi<s <1892), who succeeded in collecting a good nuinber
of eggs of Go7iodactyltfs chiragra, was not interested in its embryonic
development and confined his studies to the larva after hatching. GiEs-
BREc}i'r (1910), having made an observation about the egg laying in Squilta
mantis, reported the constitution of the egg clusters in that species, but he
again did not go into embryology. The subject was first studied by KoMAi
(1924> with Sqttilta o•yatoria as material. The principal features in the
development of this species as specified by KoMAi are: 1) the fiatness of
the embryo in its eariy stages; 2) the presence o'f the egg-nauplius stage,
3) and of a stage in which there appear 7 pairs of limbs ; 4) the maintenance
of the ventral curvature oÅí the embryo, ancl 5) the absence of the dorsal
organ. }Ie emphasized the simi!arities in the develQpment of Sqntilta to that

of Decapoda, My$idacea as well as Nebaliacea. }Iis studies, however, were
limitea to the externat change of the embryo anci the intern31 clevelopment
has remained untouched up to the present.
     Tlte present study was undertaken primarily for the purpose of eluci-
dating the internal changes which tal<e place in the course of the entire
embryonic life. The second object of the investigation was to contribute
something to our knowledge pn the phylogeny of this abberant crustacean
from the standpoint of ontogeny. Although the resttlts of my observations
extend much beyond those described in the following pages, the preserrt
circumstance does net permit me to give a full accoLint I shall therefore
confine myself. to a description of the essentiai parts ef the results for the
present, but it is hoped that I shall have an opportunity in th.e future to
report the rest of the work.
     This investigation was carried out under the ,supervision of Prof. T.
KoMAL It gives me much 'pleasure to take this chance to express my
hearty thanks for his courteous directions and valuable criti.cisms.

                      Material and Technique

     The ova of Sqtt,itla oratoria DE HAAN, used as material, were collected

at Oyehama, Kasaoka, Ol<ayama Prefecture, in June of 1937 and 1938.
There the malttis shrimps inhabit burrows in the mucldy beach which are
bare or nearly bare at low tide. It was very eTisy to attack the dwelling
and fish tlae mother shrimp with her brood; in this way I obtained about
300 egg-clusters. As Oyehama is a small village lacl<ing facilities for the
use of biological instruments, I was o!)liged to give up the observation of
living ova and my rearing experiments.
    Various fixatives were tried, such as: picro-n.itric acid, BouiN's fluid, .
PE'rRuNKEwl"rscl-I's, ZI;.NI<}sR's, FLII.MMING's, CARNoy's, REIcl-IENBAc}I's method

and acetic-sublima{Je solution. Of these the last named, i. e. saturated
solution of sublimate in 5;'/o' acetic acid heated to a temperature of
70'-75"C, gave the most satisfactory results. The material was fixed for
3-12 hours and washed with iodinized 70% alcohol. After removing the
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chorion witig a fine needle the egg was stained with either borax-carnaine
or DELAFiEm's haematoxylin modifie5 by CoNKLiN (DELAFIELD's haematoxylin
10cc., water 40cc. aRd KLEiNENBERG's picro-sulphuri: acid 10 drops) in
order to facilitate the orientation. Ceder-wood oil or oil of bergamot was
used as cle3ring agent from 96.9i" alcohol. Whek the yolk was so brittle that

the material crumbled in front of the l<nife because of long preservation,
the following precaution was employed. That is, the exposed surfcace of
the material in the paraMne block was wiped witla a brush moistened with
a very weak solution of celloidin and gttm masticum (with caster-oil added)
just beÅíore cutting each seetion. Sections were cut 6-10 y. thick and stained
with DELAFiELD's haematoxyiin and eosin or irolt haematoxylin counter-
stained by orange G. MALLoRy's triple stain gave good differentia! staining
for examining fibrous tissues aRd chitinotis structures in the older embryos.
For the toto-preparation CoNi<LiN's solution named above proved very useful
for preventing the yoll< from staining.' The surface study of the embryo
was made with ceder-wood oil, the viscosity of which facilitated the rota-
tion of the egg under the cover-glass in observing it from ali sides.

                        General Remarks

    As KoMAi (1924-) has given a precise account of the brood-caring of
the mother shrimp and the constitution of the egg-cluster, it may be un-
necessary to repe'at it aga!n..

    Egg Membrane. The ova are enclosed in two tough membranes, the
internal being chorion and the external exo-chorion (after ZEHNDER's termi-
nology, 1934). The exo-chorioR is provided• with an indefiRite number (5-
10) of filamentotts elongations extending to the same membrane of neigh-
botiring eggs. Connected by these filaraentous parts all the eggs aggregate
to form a disl<-lil<e cornpact egg-cluster.

    In the youngest broocl coliected (8-cell), the exo-chorion had not yet
taken a definitive form and all eggs, enclosed only by the chorion, were
closely aggiomerate.K in an irregular mass by a viscous gelatinous sub-
stance. In the fixed coRdition this substance forms a thick membrane
around the whole egg mass, sending ottt many folds or lobes between the
egg-spherules. These lobes gradually peltetrate into all interstices between
the eggs and separate them. This substance solidifies with the effect of
water and becornes the membraneous covering of the egg; the part of the
membrane in contact with that of the neighbouring egg develops into long
filament. By the blastula stage the exo-chorion has complete5 its definitive
constitution. GiEsBREc}rr (1910>, who made an observation of the brood
of Squilla mantis two days after oviposition, state3 : " Laich nttnmehr zwar
die Form eines fiachen runden Fladens angennomen hatte, das der Kitt
aber nicht von normaier Beschaffenheit war, denn er hatte sich nicht zu
den die Eier verbiRdenden Balkchen umgeformt, sondern bildete zwischen
deR Eier eine noch ziemlich klebrige homogenes nur stel!enweise etwas
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faserige, elastische Mass, aus der eine Menge Eier wahrend Kretens heraus-
fielen ". I{e considers this condition an abnormal state due to the confine-
rnent of the mother in an aquarium for two weeks. However, the same
ciuster wag fotmd in the 32-ceil stage on the thir(l rnorning according to
his report; thus such a state seems to have been a natural oRe, represent-
ing, in my o.pinioR, nothing but a stage in the normal course of (levelop-
ment of the exo-chorion.
     The same author further observe[l thatthe white rnarkings oR the ster-
num of the thoracic segments of the gravid femaie had disappeared with ovi-
position. ZEeiNDER (1934) reports similar patches on the female abdomen of
t<istacus which he foLmd represented the tegumentary glands that furnish
tke source of the exo-chorion. It is highiy probable, therefore, that in
SquiSta also the exo-chorion is producedi by these white glands.

     In a later developmentai stage a third rnembrane is secreted from the
egg body to lie inside the chorion. This membrane which represents the
embryonic exuviae will be describe5 later.
     A Brief Sigetch of the DeveloPmental Course. KoMAi (1924) gives a
pre:ise description of the external changes which occur during the
embryoni.c development, dividing the whole course into 11 stages. As for the
division of stages, I largely followed him except in a few ctase which were
altered merely Åíor convenience in describii}g the internal development. The
main changes taking place in each developmenta{ stage may be tabuiated
as follows :

         Table 1: The stages in the embryonic development of Sqi4illa
        oratoria, with brief descriptions of the changes occurring in each
        of them.

Stage

o

!

2

3

,1

5

Changes ln each stasre

Segmentation (figs. 11-l3).

Blastula, last segmentation stage (fig. 15).

Gastrula, appearance of blastopoye, and immigration oS mesendoderm
cells.

Establislament of optic lobes and ventrai plate followed by closure of
blastopore ; beginning of extra-blastoporic celi-sinl<ing, differentiation ef

mesoderm layer from mesendoderm, and of mesoteloblasts (fig. 1>.

Appearance of proctodaeum, differentiation of endoderm pl.ate from mes-
endoderrn, and first development of naupliar appendages (figs. 2 & 3).

Appearance of stomoclaeum, protrusion ef posterior enclo[lerm plate as
the intestine, differentiation of ectoteloblasts, and upheaval of appenda.cres

and thoracico-abdominal process (fig. 4).

Appearance of 3 pairs of cerebrai and mandibular ganglia, constriction
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7

8

9

10
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of appendages from egg surface and beginning of the forward growth
of thoracico-abdominal process (fig. 5).

Differentiation of retina cells and optic ganglion, formation of nerve
fibres, external development of rnaxillular and maxillar segments, and
appearance of serum space (fig. 6).

External development of rnaxilliped 1 and 2 segrnents and succeeding
several segments, completion of ectoteloblastic ring, dislocation of anus

to the end of telson accompanied by the development of caudal furca,
appearance of dorsal organ, and formation of anterior endoderm plate
(fig. 7).

BraRching of antennules, forward eiongation of maxillipeds 1 ancl 2,
disappearance of dorsal organ followed by embryonic ecdysis, completion
of retina and ganglionic layers, formation of heart and blood corpuscles,
and ventral displacement of anus.

Differentiation of visual elements associated with pigment formation both

in compound and median eyes, completion of all body-segments, develop-
ment of pleopoda, segmentation of all limbs, formation of rostrum and
carapace, disappearance of caudal furca, appearance of muscle fibres,
and protrusion of posterior liver lobes (figs. 8 & 9).

Last embryonic stage just prior to hatching: erection of eye stalk,libera-

tion of maxillipecl 1 and 2 segments from the cephalic region, attain-
ment of the posterior liver lobe as far as telson, and formation of
anterior and jateral mid-gut cceca (fig. 10).

     Since all the organs of the body undergo conspicuous differentiation
from stage 8 on, it is desirable to divide the stage'b• more painutely than
has I<oMAi. For this the number of segments which are externally
differentiated serves as the crlterion. I shall use suc'h expressions as " stage

Th 5" and "stage Abd 3" in the followiRg description to indicate.the
stages in which the externa! differentiation of segments reaches the 5th
thoracic and the 3rd abdominal se.,..crments. Simultaneously with the comple-

tion of the last abdominal segment, the posterior liver lobe begins to
protrude from the micl-gut and, after entering the thoracico-abclominal
process, it gradually extends to the posterior end of the process. The degree
of elongation of the liver iobe therefore furnishes a criterion for discrF
minating the developmental stages subsequent to the formation of the last
segment. Thus, " stage L, Th 5" and "stage L, Abd3" denote the stages
in which the posterior liver lobe reaches the 5th thoracic and the 3rd
4bdominal segments respectively. When the lobe enters the telson (abbre-
viated "stage L, T"), hatching tal<es place.

                PART I EARLY DEVELOPMENT
                            1 Segmentation

     The 8-cell ova (fig. 11), the yottngest stage collectecl, are nearly spherical
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and measure 0.51-61 mm (averaging 0.53mm> in diameter. The filamentous
part of the exo-chorion are not yet developed, and all the ova are closely
aggregated ; when fixecl, they become more or Iess irregular in shape due
to mutttal pressure. rn these ova no segmentation furrow is observed on
the surface. All the nuclei which have submerged in the yolk are founcl
slightly above the center of the egg, being distributed uniformly around it.
They are oval and composed of grcanular nucleoplasm containing an irregular
mass of chromatin substance. Each of them is surrounded by asmall
quantity of cytoplasm with fine pseudopodia-lil<e processes radiating in all
directions iil<e an ameeba. These .processes, however, .neither join with
those' of other blast.omeres, nor do they reach the egg surface. The blasto-
meres are quite iso!ated from one another without forming any cytoplasmic
reticulum crisscrossing the entire yoik. The're is apparently no peripheral
protoplasmic layer around the egg surface. The superftcial layer of the
egg plasm stuffed with very small yolk-spherules. These spherules gradu-
ally become larger tovvard the center of the egg and merge iRto the un-
clivided homogeneous yolk mass which, however, shows little difference in its
chemfcal constitution from the peripheral yolk.
     The nuclear division from the 8-cel{ to 16-cell stage tal<es place almost
sirnultaneously and in the tangential dire:tion in all blastomeres. The
clivision figure belon.qs to the type reported by ZEHNi)ER (1934) as peculiar
to the crustacean'ova with abundant yoll<s; that is, the cytoplasm assumes
a duinbbell-shape in the metaphase stage, while the chromosomes are still
on the equatoria! piate, so that cytoptasmic division precedes chromosomal
division (fig. I2). In the earlier 16-cell stage the claughter nuclei derived
from the same blastomeres of the previous stage Iie close to each other in
pairs. Later they part and all the nuciei become scattered about uniformly
in the egg plasm. The positions of tl}e nuclei within the plasm become
somewhat more raised than before, with their distance from the center
3,5-4/5 of the radius.

     Ail nuclei of the 16-cell stage divide tangentially and more or less
synchronously as before, aiid continue to shi'Et toward the surface of the
egg• At the close of the stage the blastomeres are situated close to the egg
surface, but separated from it by a thin layer of yolk spl}erules. The clivi-
sioR of the 32-cell stage is .also simultaneous. In the next division <64 to
128>, however, notable differences in the stage of nuclear division become

apparent among blastomeres. In fig. 12 the nuclei are in the metaphase
on the right side of the egg, while oi} the left sicle the anaphase is the
predoininaRt stage; in the central p.art the blastomeres are in an inter-
mediate state between the two. In the 128-cell stage all the Ruclei with
their surrounding cytoplasm completely breal< through the yolk to the
surface none remaining within. They are arranged evenly on the egg
surface without showin.o.i any regional diflference in their (listribtttion. The

grantilar cytoplasm containinLg the nuclei spreacls ail over the egg surface
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and sends very fine processes into yolk crevices. In the later period of
this stage the segmentation furrows in aR the blastomeres simultaneously
becorne perceptible for the first time, and the egg surface is sectioned into
sma!l polygonal areas. These furrows, however, are only superficial in
this stage.
     The synchronism is lost in the division of the l28-cell nuclei. While
iR one region of the egg the nuclei are in the midst of division, the divi-
sion is over and the daughter nuclei remiin close to each other in pairs
in another ; in still aitother region they have alreacly parted. Such different

stages however never mingie, and the nuclei in a region are in more or
less the same stage. The nuclear division first begins in the region which
probably corresponds to the future germinal region and proceeds centrifu-
gally toward the periphery, alm)st to the other side of the e.gg. Thus a
zonat distribution of nuclei in the same phase of division is observed. The
division wave, however, dees iiot• appear actuaUy to reach the aRtipole,
since the Rumber of nuclei in the ova of this stage, which ranges between
200 and 230 <fig. 13.}, never reaches 256. In the mean time the segmenta-
tion furrows become deeper and extend into the yolk, diving it into many
primary yolk pyramids (fig. 14). The interpyramidal boundaries remain
very short attaining a distance of on!y about 1/le of the egg raclius from
the surface, leaving the greater part of the yolk undivided. The extemal
surface of the pyramid is covered with a thin coat of protopl.asm showing
a slight convexity. I was unable to determine whether the peripheral proto-
plasm extends iRternally to the iateral side of the pyramid or not.
     When .the number of nuclei attains 450-500, the hemisphere of the egg
where the germiRal disk is to develop becomes denser in nuciei thaR in
the other ha!f (fig. 15, g. r). This is principally dtte to the acceleration
of karyokineses in the denser region; more precisely, it is due to tke fact
that before a karyokinetic wave reaches the anim.a! pole, another wave is
started in the vegetal area ; these succession of waves are repeated. in this
stage, the last stage of blastLi!a, the ovum is entirely surroundeti by a cell-

layer which is the biastoderm. The cytoplasm of these cells is lentiform
in section and sends out fine precesses into the deutoplasm wliich anasto-
mose with the processes from the neighbouring cells. The vertical borders
of the yolk pyramlds are almost completely obliterated, yet the celi boun-
daries are clearly seen in surface view. The central part of the yolk, remain-

lng quite homogeneous, has no "Centralk6rper" which was found in
Astac"s (REicHENBAcN, 1886.) ; in the peripheral layer a decomposed yolk sub-

stance of more or !ess granular appearance is found here and there mixed
with ordinary yolk spherules. No nucleus remains in the yolk•
     In short, the Sqieilla egg is centrolecithal and undergoes partial clea-

vage; the prim3ry yolk pyramkls are rather rpdimentary and of short
dtiration.
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                            2 Gastrulation

     The blastula, which has more than 500 nuclei, exhibits a prominent
 regional difference in the distribution of cells, as the whole surface is
 divided into two hemispheres, one crowded and the other sparse with
 nuclei. ThÅë former hemisphere represents the first rudiment of the ger-
.minal disk and the future ventral side of the embryo (fig. 15, g. r). An
 eccentric smatl area particularly dense in nuclei becomes apparent in this
 hemisphere (fig. 15, bP'). This area, characterized by somewhat deeper
 staining reaction of its nuclei than elsewhere, is triangular, crescent or oval.

 This is tke region where the blastoporic invagination takes place shortly
 afterwards, and it marl<s the posterior end of the germinal disk. At the
 periphery of the denser hemisphere many mltotic figures which contribute
 to the formation of the germinal disk are seen <fig. I5>. Nuc!ear divisions

 occur in the blastoporic area, also indicating that they are the principal
 cause of the formation of the are.a. In the other hemisphere, on the other
 hand, no nuclear division can be observed. Judging from the fact that in
 this stage the deRsity of nuclei in the animal hemisphere is much smaller
 than that of the previous stage, the formation of the germinal disl< on the

 vegetal pole may be partly due to the condensation of the nuclei. The
 diversity in the shape of the blastoporic area in different eggs, even of the
 same batch, is apparently (lue to individual variation rather than to the
 difference in the developmental stages.
      IR the area corresponding to the future blastopore (fig. 16, bP'), the
 surface of the blastoderm is more or less fiattened and composed of cells
 arraRged in a pavement-like manner, showing clear cellular borders on the
 surface. The cytoplasrit is thicl<er than in the other region and contains
 somewhat deeper staining nucleus. Outside this area the blastoderm
 be:omes .q. radually thinner toward the antipodal region where the cytoplasm
 is reduced to a mere membrane with very fiattenecl nttcleL
      Witlt further development the blastoporic region becomes smaller, with
 Component cells closeiy aggregatecl. The cells become taller and cylindrical,
 and shownuclei in the innermost part. Soon afterwards the distal ends of
 these cyiindrical cells incline toward the center of the blastoporic area,
 presenting a bouquet-lil<e arrangement. Throughout the whole course of
 tlaese changes the cell borders remain distinct. The underlying yolk mass
 iS divide.1 into cylinders composed of numerous yolk spherules, correspond-
 ing to the protoplasmic cylinders. The yoll< cylinders are distinct for some

 distance below the surface and merge inwardly into the undivided central
 rnass• The overlying cells send fme protoplasmic processes, which may be
 made out with some difficulty, into the crevices between the yoik spherules•
 The processes also cover the laterar sides 'of the yolk cyiinder. This state
 which bears some resemblance to the condiition of the primary yoll< pyra-
 mids lasts only for a short time.
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     The condensatioR of the biastoderm toward the biastoporic area gives
a lateral pressure to the superficial layer which becomes depressed at this
point. The depression of the surface, gradually growing deeper, develops
into a conica! blastoporic invagination. In consequence, the cells are forced
to sink into the yolk one after another, forming a temporary sub-blastoporic
cell complex (fig. 221i. The sunken cel{s, showing very clear boundaries,
do not form a syncytium as in Rant{lirus (TERAo, 1929) etc., but soon
becQme Iiberated from the complex one by one to migrate in all directions,
!ike so many amoebae, through the crevices of yolk spherules. The yolk
cylinders, which have been observed beneath the blastopore, have completely
disappe3red by the commencement of the cell immigration.
     All nuclear div!sions take place tangentially aRd never radially from
the beginning of segmentation to the iast blastula stage. As soon as the
gastrulation sets in, radial nuclear divisions first be:ome apparent in the
peripheral region of the blastopore, though divisions in other regions are
all tangential. Thus wandering cells are produced not only by the sinking
of the cells from blastoporic region but also by the radial division at the
periphery. They multiply actively by mitosis, both while in the sub-blasto-
poric cell complex and in the course of migration. KoMAi (1924) did not
observe the blastopore, but this is apparently due to the lack of the stage
which shows distinct invagination among his material; in fact the stage
appears to be of very short duratioft.

                   3 Formation ef Germa Layers

    Germinag DIsk. As stated in the preceding chapter the first rudi-
ment of the germinal disk.is indicated by the greater density of nuclei.
The germinal disl< occupies an extensive area extending over nearly a whole
hemisphere of the egg by the tirne the nuclear migration begins at the
blastoporic region. The biastopore situatecl at the margin of this hemisphere
marks the posterior end of the iongitudinal axis of the gerrritinal disk.
Close to the anterior margin of the disk and on both sides of its Iongitu-
dinal axis, the blastoderm cells accumulate to form a pair of more or less
oval areas. These areas represent the optic lobes whose !onger axes are
trasverse to the germinal disk (fig. 1, o. I). The lobes, situated nearly a
quarter of the egg's circumference away frora the blastoporic region, form
an isosceles triangle with the iatter.
    Shortly after the establishment of the optic lobes, further accumuia-
tion of cells takes place on each side of the .g. ermina! disk and gives rise
to a pair of bands crowded with nuclei. These baRds (fig. i, ect. b), extend-
ing from the b!astopore to the posterior margin of the optic lobes on either
side, transform the germiltal disl< into a U-shape. As the re3ult of the con-
densation of the formative cells of the blastoderm toward these bands, the
central portion of the germinai disk grows much more scarce in'nuciei than
before. A sim'ilar, more pronounced condition is observed in the extra-
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germinal region, especially iR the part antipodal to the dislc. Further develop-

ment of these rudiments is carried out principally by active cell multiplica-
tion.

    The optic lobes and lateral ectoderm thickenings are composed of a
layer of cubic epitheria! cells containiltg round or oval nuclei (figs. 20-21,

ect. b). The cells gradua{ly become shorter toward the periphery of the
rudiments, continuing without any distinct demarcation to the extra-
germinal region in which the cells are fiattened and more or less lentifo.rm,
and their nuclei appear to be spindie-shaped in section (fig. 191. The cells
composing the mid-ventral reglon (fig. 18> are also flattened aRd very similar

to those of the extra-germinai region.

     Yolk Cegls. Although the cells which sank fro!n the margin of the
blastopore develop into a temporary celi complex, they do not form any
conspicuous "plug of mesendoderm" as in Decapocla (TERAo, 1929, etc.).
The submerged celis soon become liberated from the cornplex to migrate
in all directions through the yolk (fig. 22, y. c). They make their way
on!y through the superficial layer of the yolk not far from the egg surface
to disperse, .not beneath the germinal disk alone, but also toward the extra-
germinal region and sometimes, though rarely, to the deeper part of
the yolk. A surface study of an egg in an earlier stage of migration clearly
indicates that the wandering cells are scattered within a circle clescribeci
with the biastopore at its center. Later, however, these cells move to all
parts of the superficial yolk.

     The wandering cells, namely the yolk cells (figs. 17-24, y. c), possess
nuclei with deaser chromatin thaR those of ectoderm cells. They activery
multip{y by mitosis whi!e migrating, but never by amitosis which has been
occasiona!Iy reported in decapod yolk cells. These yoll< celis are variable
in shape, for in most cases they are amceboid, being more or less poiygonai,
steliate or lunar. They are situated in the crevices of yoll< masse3. Some
of thein enclose in their cytoplasm small, apparently decomposed yolk
particles (fig. 17, y. c). In others the cytoplasm presents acresce3tic form
tapering at both ends into very thin processes which appear to meet each
other on the opposite side, thereby encircling a large block of yoik. These
cytoplasmic processes, however, are generally difficult to make out except
ia short bits (fig. 28, y. c). The yoll< cells sometimes have rathe: indistinct

contours and are surrouncled by a swarm of small yolk particles, some of
which enter tlae cytoplasm. The yolk cells may also occupy tlie peripheral
part of a !arge yolk mass ancl encroach upoR a portion of the miss itself.
There are even cases where they are situated in the center of a iarge yollc
block witk their cytopiasm distinct from, or confluent with, the detttoplasm
<fig. 31, deg').

     As the cel{ emigration from the blastopore proceeds, t'he degenera-
tion of yolk cells be:omes apparent. Disintegration figures maybe Åíouncl
everywhere antler the blastoderm and even directly beneath the blastopore.

                                                                 e
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The process of cell degeneration consists in the decomposition (fig. 17, deg)

and diffusion of the chromatin substance in the nucleus, foilowed by a
dissolution of the nuclear membrane (fig. 31, deg'). The chromatin thus
liberated at first formg an irregular mass of a deeply and uniformly stain-
ing substance, which breaks down subsequently into numerous smali particles
of chromidia <figs. 31, etc.). The cliromidia el•ventually lose their staining

capacities to become, together with the cytoplasm, indistinguishable from
the deutoplasm.

     As stated above, the yolk celis rarely reach the deeper part of the
yolk. Most of them are found within the undivided block of yolk and not
in the yolk crevices (fig. 31). Perinuclear protoplasm can be made our in some

cases, but in others it cannot be distinguished from tlae yolk, presenting
the appearance of nuclei dire:tly surrounded by deutoplasm. In all circum-
stances the nuclei, having diffused chromatin, show signs of disintegration;
iiberate.1 chromatin balls may occasionally be found in place of the nucleus.
Al{ tke yolk cells that migrate in the central part of yolk therefore dege-
nerate sooner or iater and never re3ch the blastoderm on the other side
of the blastopore to form the primordiurn of the mid-gut, contrary to cases
reportea as found in Decapoda by CANo (1893 a, b), HERRici< (1892>, and
others. At about the time of the closure of the blastopore, all the cells
rise to the inner face of the blasto5erm, except a few which lie at some
distance beneath the surface.

     Aithough the yolk cells are supplied chiefly by the immigration from
the blastopore, they also originate in other sources. Before the blastoporic
invagination takes place, one or a group of severai cells are at times found
below the blastoderm in a region somewkat apart from the future biasto-
pore which is defined by an accumulation or a thickeRiR.q of celis. As
an examp!e of such a case, an iRner celi found under the blastoderm of
the extra-blastoporic region is sl}own in fig. 16 (zm'). The egg 'Åírem which
this figLire was clrawn was in the iast blastula stage, being composed of
about 500 blastomeres and having none of the inner cells except the one
in the figure. In another case this inner cell was found in mitotic division•
In the egg drawn in fig. 25 (im'), the inner cells are represented by a
(probably syncytial.) nctass of six celis (one of them being fottnd in the next
sectionl). They stil! retain protoplasrrxic connection with the surface, indicat-

ing their clerivation from the blastoderm just above them. SiRce all the
segmentatioii Ruclei rise to the surface in the stages up to the 128--cell,
it is evident that the inner ce!is illustrated in these examples do not come
from their remaining in the yolk without taking part in the blastoderm
formation. Further, the fact that they are found under the extra-blastoporic
region prior to gastrulation, tells their origin to be from the ,blastoderm
and not from the blastopore. These facts remincl Lis of the " primary yoll<
celis" of Decapoda (E[ERRicK, 1892; Soi.LAuD, 1923) which similarly come
from the blastoderm before gastruiation. Such a derlvatioR of yolk celi
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apparently occur very commonly jn that order though rather exceptionally
in Squitga.

     The immigration of yoll< cells from the extra-blastoporic region also
occurs in the course of gastrulation. Fig. 26 (im') shows a yolk ceil lying
beiow the blastoderm and nearly antipodal to the blastopore. In this egg
ta.ll the yoik cells derived from the blastopore were confined within a circle
described with the blastopore at its center ancl passing the posterior margin
of the optic Iobes. No yolk cel! wasfound beyond this circle except the
one mentioned just above. Since the cell lies thus apart and isolated from
other cells, it is believed to have been derive3 from the overlying blasto-
derm. In fig. 18, showing the mid-ventral region of an egg of a slightly
more advanced stage, one of the blastoderm cells is now going to submerge
into the yollsc to become a yolk ceil. In fig. 19, whj.ch was drawn from
another egg of the same stage showing the extrca-germinal region behind
the blastopore, the biastoderm cells are also in various stages of sinl<ing.
Moreover, radia{ division of the blastoderm celts were sometimes observed
on the lateral margin of the U-shaped ectoderm band. The interna! daughter-
cell produce5 by such a division may develop into yolk cell. it must be
concluded, from the fact enumerated above, that the yolk cells originate
from the extya-blastoporic region as well as from the blastopore. Some
consideration will be made later for the question of the germinal iayer to
which these cells ought to be assigned.
     NatePliar Mesoderm. In an earlier period of gastrulation in which the
yolk ceHs do not extend beyond the optic lobes, a pair of mesoderm plates
close!y attached to the ectoderm ('fig. 20, ines) appear on either side of the
blastopore. The plate is one-cell thick and composed of cells probably
derived from the anterior and lateral edges of the blastopore. Each of the
plates makes its way forwarcl along the lateral thickening of the ectoderm,
and beconaes inserted between this and the yoll< surface. At the time of
the closure of the blastopore, the plate extencis as far as the posterior
margin of the optic lobe (fig. 21, mes). The posterior end of the plate is
directly continuous to the sLib-blastoporic cell complex. rl'hus the plates
on both sides to.qether form a U-shape mtrch like the ectoderm b3nd, though
somewhat narrowen The mesoclerm bands, compose.4 of loosely connected
spindle-shaped cells containing slightly fiattened nuclei, are in close contact
with the lower side of the ectoderm (fig. 20, mes). Tkese bands .qive rise
to the mesoderm elements of the naupliar region, i. e. the region in front
of the maxiiluiar segment. The mid-ventral region of the germinal clisk
as well as the extra-germinal region is devoid of mesoderm cells.
     At the beginning of their proliferation the mesoderm cells are morpho-
logically indisti.nguishable from the yolk cells. "]rhe cliscrimiRLn.tion can be

made only after the establishmeiit of the mesoclerm layer. Therefore, the
inner cells constitLiting the sub-biastoporic celi complex can only be said to
be termecl "mesendoderma!" (fig. 22). The later differentiation of the
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mesendoderm reaninds us of the De:apoda and presents a striking contrast
to the morphological distinction of the two elements in the Mysidacea
which are clearly differ'entiated from the beginning, even before gastrula-
tion. MANToN (1928), who has demonstrated the spacial relations between
the germ-layers in the blastosphere of ffemimysis paid special attention to
the fact that the sinking of tlae mesoderm takes place in the region anterior
to that which produces the encloderm. Quoting many investigations on
this subject, she ltas sLiggested that this rr}ay be considered a uRiversal scheme

in the germ-lcayer formation of this suh-class in general. In Sqscilla the
proliferation or the siRking of the mesoderm cells are actua!ly observed in
the aRterior lip of the blastopore. It seems probable, therefore, that the
mesoderm is formed from the more anterior region than the endoderm
which immigrates from the base of the blagtoporic invagination. There is
no souncl evidence, however, to prove that none of the imRiigrants from
the blastoporic invagination takes part in the formation of the mesoderm
bancls. On the contrary, it can not be maintained that all the cells derived
from the anterior margin of the blastopore develop into the mesoderm.
At any rate, any distinct spacial relations such as that found in Mysidacea
are not observed in Sqtsllla.

     As stated before, the yolk cells make an ascent to the surface at the
close of gastrulation. These cel•lls are attached to the !ower surface of the

ectoderm or the mesoderrn. They are sometimes found to be abottt to
touch the ectoderm on the immediate Iateral side of the mesoderm band.
It is not improbable that they join the mesoderm band, lesing their primary
characteristics as the "vitellophags"; as a matter of fact, this has been
actually observed by HERRicK (i892) in AtPhezes. Cases in whicli some of the
mesoderm cells show division in radial clirection may also be found. Since
the mesoderm band remains one-ceil thick for a long time up to the e:!rlier
egg-nauplius stage, the division seems to show tke proliferation of yolk
cell from the mesoderm rather than the multiplication of the mesoderm
cell itself.

    The mesoderm celis are also derived from the ectoderm cells con-
stituting the lcateral tlaickening. Fig. 21 (im), an example of such a case,
shows the sinking of an ectoderm cell near the posterior end of this thicken-
ing. Althotigh a de:isive observation to show whether these sinking cells
represent the mesoderm or yolk ceRs is lacking, it is very uniil<ely that they
submerge into tke yoll< by peiaetratiRg the underlying mesoderm layer and
become the yoik celis. New ceiis are suppiied to the mesoderm also by the
radial division of the ectoderm cells of the lateral baRd.

    Preantennte;ary Mesoderm. The component cells of the optic Iobes are
somewhat largc-r than those of the laterai ectoderm thicl<enings from the
beginning. The celis grow much taller an(l cylindrical with development•
Apparently indicating a sign of sinking from the stirface, the cytop!asrn
of some of these ce!ls is attenuated towarCl the outer end, having a nucleus
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at the inner end (fig. 29, o. g). Actual cell sinkiRg takes place first cat two

points far apart from each other, namely in the inner and outer parts of
the optic lobe, and then can be seen along the whole length of the posterior

margin of the lobe. The immigrated cells come together and form a loose
layer under each optic lobe (fig. 23, Pa. mes). The Iayers of both sides then

extend interna!ly to meet eich other, as well as posteriorly to join with
the naupliar mesoderm. Thus a complete ring of a layer of inner cells is
producecl beneath the germinal disk. These immigrants frorri the optic
lobes are, without doubt, homologous with the preantennulary mesoderm
of Mysidacea (MANToN, 1928> and Nebaiiacea (MAN'roN, 1934), and rnay well

deserve the same term. This is the only rnesoderm derived frem the extra-
blastoporic region among these orders. In view of the facts observed
in Sqzvilla, !iowever, the formation of the preanteknulary me3oderm appears
to represent nothing but a specia!ized and more concentrated state of the
sinking of mesoderm cells which take3 place in the lateral e:toderm
bands.
     Mesotetobtasts. Before the differentiation of the naupliar mesoderm
from the sub-blastoporic mesendoderm cell complex, several {arge inner
ceKs different in their constitution from others are proliferated from the
anterior Iip of the btastopore (fig. 22, 7nes. tel). Whett the paired naupliar

mesoderm bands are lcaid down, these ceils are a.grgregated in an irregular

mass anterior to the blastopore at some distance from it, and inserted
between the posterior part of both mesoderm bands (figs. 20 & 34, mes. tel>.
They are eight in nurnber, rich in cytoplasm and possess round vesicular
nuclei containing large nucleoli. These cells represent the mesoteloblasts
which provide the meta-naupliar region with mesoderm e!ements.
     Fttytlter Cftan.cre in tfte C.o• rminae Disli. The blastopore is of rather

$hort duration, and is soon closed. The closure is brou.ght about by the
backward growth of the anterior lip over the blastopore to meet the pos-
terior lip. After the closLire, the blastoporic region and its immecliate
vicinities, compo:-ed of tali cyliRdrical ceils rich in cytoplasm and contain-
ing large nuclei, are slightly depressed for some time (fig. 21, bP. a). This

region is the ventral plate or the thoracico-abdominal rudiment. It imper-
ceptibly merges both anteriorly and lateralty into the thicl<ening of the
gennlnal disk; posterioriy, liowever, it is clistinctly detnarcatecl from the

fiattened cells of the extra-germinal region. A sraall groLip of flask-shaped
cells is founcl in the midclle of this p!ate (fig. 24, Pn). They are enlarged

at the inner ends, each of which encloses a sm}ll nucleus, and re.miin in

direct contact with the depressed surface of the egg by their fiiiform outer
ends. These cells represent the eayliest rudiment of the proctodaeurn the
position of which is in accorcl with that' of the former blastopore indicated

by the slight depression on the surfac'e. The slRking of the mesendoderm
cells from the veRtral p!ate lasts for a while even after the closure of the
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blastopore (fig. 24, im).

     Immediately after the closure of the blastopore, the ectoderm cells
between the optic lobes accumulate to form a transverse band connecting
the inner margin of the lobes <fig. 1, tr. b>. By the formation of this band
frorn the several rows of cubic epithelia{ celts, the germinal disk is mo:-e
or Iess transformed in an O-shape from its original U-shape In other
words the ventral plate and optic lobes are conne:ted by the lateral ecto-
derm thickenings, and the optic lobes in turn are united by the transverse
band (fig. 1). A similar condition is observed in the mesoderm layer as
stated before. Each of tke mesoderm bandg, originated on either side of
the ventral plate, runs for• ward a{ong the late:al thickening of the ectoderm
as far as the optic lobe to joiR with the preantennulary mesoderm which,
on its part, extends internally and meets its partner on the other side
ttnder the transverse ectoderm band. Thus a circle is formed by the whole
mesoderm.
    Endoderm Plate. The differentiation of the endoderm occurs somewhat
later than that of the mesoderm. The mesendoderrn celts immigrating from
the ventral plate after the closure of the blastopore coraprise two kinds of
cells which have different fates, though they are indistinguishable in their
cellular constitutions (fig. 24, im). The rnajority of them become the
mesoderm cells joiniRg the posterior end of the mesoderm bancl ; a few, how-
ever, do not participate in the formation of the mesoderm and remain as
the components of a loose cell mass situated behind the band and beneath the
ventral plate. These cells are arnceboid with more or less indistinct cell
bound)ries and remain completely outside the yolk. Although these cells
send out fine protoplasmic processes into the yoll<, they do not inciude
the yolk spherules in the plasm. In stage 4, in which the first rudiment
of the naupliar appendages becomes apparent, the cell mass gradually
coltdenses and develops into a disk-shaped plate composedi of one or two
layers of compact cells (fig. 23, end). Tlie component cells come to show
clear boundaries, and their granttlar cytoplasm encloses deeply staining nuclei

which have rather diffuse chrornatin. These are the endoderm cells.
Already in the first stage of the appearance of the endoderm celi mass, the
adjoining yolk ceils begin to gather together aRd join with the mass. It
is believed, therefore, that the endoderm cells are nothing but yolk ce!ls
which, without sinkiRg into the yolk and behaving like "vitellophags",

' remain aggregated in a mass.

                         •4 Egg-Naupliu's

    The developmenta{ changes in stages 4-6 will be ctescribed under this
heading.
    Changes in External Form. Shortly after the formation of the veRtral
plate which is recognized superficially by a deepl•y staining oval region,
three pairs of similar regions be•come apparent in the latei'al ectoderm
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thickenings between the veRtral plate and the optic lobes <fig. 2). These
are the first rudimeRts of the naupliar appendages. Of these the rnan-
dibles are the first to be defined and the antennae iast. In this stage they
are al! mere transverse ectoderm bands forme5 by the agglomeration of
nuclei and disposed radially toward the center of the ge:minal disk. The
development of the appendage consists in the e!evation of the band followed
by the coRstrictioia from the egg surface atong the margin. Although
the mandibles are the first to develop, they remain in the state of small
protuberances until later stage, but the other two pairs of limbs greatiy
develop and grow into dactyliform processes by the end of tlae egg-nauplitts
Stage.
    The ventral plate, which has been a mere thickening of the germinal
disk, is gradually raised along the anterior margin and develops into the
more or less ovai thorcicico-abdominal papilla (figs. 3-5, v. P. & th. ab.>.

With the development of the appendages the transverse band between the
optic lobes be:omes disconnected in the middle into two halves which
become confiuernt with the basal portion of the lobes (fig. 2>. At t.hesarne
time the optic rudiments, the lateral portions of which shift slightly to the
anterior, are transformetl into a p:ir of foliaceous lobes (figs. 35, o. I.)•

They are stained more faintly than the appendage rudiments and their
out!ines are ratlier iRdistinct. The oral aperture makes its appearance at
aboqt this time as a crescentic transverse slit on the raiddle Iine at a level
with the anterior margin of the antennae (figs. 4 & 5, st). The antis deve-
lops, as stated before, in .the center of the ventral plate prior to the' latter's

elevation and immediately after the closure Qf the biastopore. It is at
first defined as a clear spot, but iater it becomes hard to see from without
by low powe: magnifi:ation. In stage 6, .four pairs of gaRglionic masses
are differentiated in the ventral rey.ion close to the bases of the optic lobes
tmd appen`jages (fig. 5). Like ia the decapQcl egg (TERAo, 1929), the
.germinat disk continues to contract' from the sta.ge in which the appenclages
are formed to the end of e.cr.g-nauplius (figs. 2-5) ; this may be clarified by

the measurementg showR below :

Stage

3

4

5

6

Diagneses of stages

E

Formation of optic iobes and
ventral plate (fig. 1)

First atppearance of naupliar
appendages (fig. 2)

Beginning of the cons.triction of

naupliar appendages at the
lateral end <fig. 4)

Appearance of ganglia (fig. 5)

Length of germinal
  disk in mm

0.32

0.36

0.32

0.28

Width of germinal
  disk in mm

0.44

0.42

e.3o

0.24
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     Nazopliar APPenda.ges. As soon as the first rudiments of the naupliar
appendages become faintly visible, active multiplication of the e:toderm
cells Qf the germinai disk causes the crowding of celis, which results in
the thickeniRg and slight elevation of the disk frorn the surface (fig. 29.).
In the antennular region, for example (fig. 30), the elevation of the disl< ls

cUvided into five parts separated from each other by slight depressions.
Of these parts the lateral ones are the appendage rudiments (an. 1), and
on the inner side of these are a pair of gangiionic parts (dc) with a mld-
ventral region (mv) iRserted between them. The egg surface stopes abruptly
toward the extra-embryonic region at the iateral end of the appeRdage.
AIong the anterior and posterior margins the borders of the appeRdages
are not so rnarked, being iRdiccn.ted only by a slight waving of the surface.
     Owing to the rapid multipiicatioR of the component cells, the appen-
dage rudiments are gradualiy raised over the surface of the germinal disk
to fomi transverse linear elevations. They are now dome-like in cross
section and separated from one another by deep fttrrows (fig. .35). At the
lateral end the appendages are demarl<ed from the egg surface by short
longitudinal grooves. The grooves subsequeRtly develop into the intqrowths
of ectoderm directed toward the median. Together with the further de've-
lopmeRt of these ingrowths, the appendages e!ongate otttward and their
distat portions constrict away from the egg surface <f!gs. 36 & 39). The
mandibies, however, remain in mammiform pi'otuberances without develop-
ing lateral constrictions (fig. 6). At the inner erid, all appeRdages are
limited by slight depressions caused by the sinl<ing of cells which mark
the outer rnargin of the ganglia (figs. 30 & 36>.

    DuriRg the course of the uplifting of the limbs the ceil boundaries are
not cleariy defined. The ectodermal parts of the rttdiments, however, are
crowded with ceils, the condition being indicated by the nuclei which are
found at various depths below the surface (fig. 30). Sucii an arrangeinent
of the ectoderm nuclei sug.gests that the siRking of cells is going on. This
is especially the case with the mandible rudiment. The nuclei care sitttated
at the top of this. mammiform appendage at a lower level that} those sur-
rounding them, and the general arrangement of the nuclei appears to shoW
the presence of invagination though the surface of the appendage remains
smooth. As will be discussed later, this state apparently indicates the
actual siRking of the cells. The "growth stripes", which were found
betweeh the appendages on the surface ef Panzelines egg by TERAo (1921,
'29), who explained their presence as an aid to uplift the limbs, are not
observed in the Squilla egg.

    The antennule in sfage 5 is comptetely uplifted on the distal part
which has a siightly bilobe5 tip (fig. 4). The bilobed nature of this limb,
however, is only transitory. Growth takes place chiefiy at the posterior
angle of the tip in the postero-!aterai direction, but the.anterior angle
remains quiescent. The antennule in stage 7 is co#sequently represented

t
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by an undivided rod whlch is curved somewhat anguiarly in the middle
and whose distal part is directed postero-laterally (fig. 6). In stage Th 5
a smatl anteriorly directed process, protruding from the curved middle part,
becomes appa'rent. The process corresponds to the undeveloped anterior
angle of the earlier biramous tip, altd develops into a branch which runs
parallel to the other branch represented by the distat part ef the mdn
stem. At the time of hatchittg the antennule is a biramous appendage
composed of a Ron-articutated short protopodite and two rami similar in
constitution and setose at the tip (figs. 8-IQX.

    The antenna,. which is uniramous from the begianing, ig a nnore or
le3s straight appendage exteading in the sarne direction as the antennule
in stage 5 (ftg. 4>. At the time of hatchiltg it is composed of two joints
of subequal length and bears setae at its tip (fig. 10>. The mandible
remains in a mamm{Åíorm ' process in stage 5, but its outlines become some-

what more inconspicuous in the following stages, as the growth simply
concerns the enlargement of the base. The appen[la.qe does not show
much chaRge in the course of further developixtent, and finally becomes
a round nal<ed protuberance situated on each side of the oral aperture
(fig. 10).

    NattPliar Mesoderm. Hand in hand wlth the development of the appen-
dages above the germinal disk, marl<e5 changes are undergone below.
Shortly a'fter the establishment of the O-shaped baad, the me")odexrm layer
moves toward the median to meet e]ch othe'r in the mid-ventral region and
extends laterally also to the externa! margiR of the germi.nal disl< (fig. 30,
mc•s>. At the time when the naupliar limbs be:orne faintiy defined (stage
4.', the mesoderm formg a continuous sheet lining the greater part of the
under surface of the embryonic rudiment except the ventral plate and the
optic lobes. As stated before, the interior of the ventral plate is o:cupied
by the endodevm elements; the distal part of the optic lobe has no meso-
derm lining from the beginning. In the mid-veRtral regioR as well as in
the regions between the limbs, the mesoderm remains rather thin and
sparse in nucleL In this stage active nuclear decompositiong may be
observed unde'r the proximal part of tlie optic lobes, especially unde: the

border between these altd the antennular segment (fig. 29>. Fig. 31 shows
that these changes take place at various depths: the c!isintegration pro-
ducts m3y be found immediately beneath the ectoderm Iayer of the optic
lobe, and also at the leve! of the mesoderm which is indicated by the
residual flattened mesoderm nuclet found on the right side of the figure•
Thus some of the degetterating ceUs fouRd in this region apparently come
from the superficial mesoclerm cells, thou_gh there are some of the other
cells originated in the deeper yolk celts. These clegelterative changes of
the inegoderm and yoll< cells go on hand ia kand, since the latter celis
undergo de:omposition everywhere in the yolk (figs. 2{ &30). It has been
Stated that the anterior end of the mesoderm bancl is complete1 by the
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addition of the preantennulary mesoderm. Accordi.ngly, the degenerating
cells founci just beneath the ectoderm are nothing but the decomposing
p:eantennulary mesederm cells. In later stages the under surface of the
optic lobes becomes scattered oRly with a fevv residual cells.

     With the elevation of the appendages the underlying mesoderm cells
multiply actively and form the lumps which lnvade the cavities formed by
the elevation <fig. 351. With the constriction and uplifting of the appen-
clages on the egg surface, these cell lumps become included by thern and
develop into muscles. The mesoderm cells iRvading the appendage cavities
form thyee pairs of masses, though these, beiRg continuous, do not sep.Rrate
compietely into mesoderm segments. Stomodaeal invagination goes on
during the appendage formation (stage 5, ftg. 32, st). Cell multiplication
occurs in this stage in the thin central part of the mesoderm of the
antennular segment, producing a small cellular mass in froRt of the stomo-
claeum (figt 36, Pst. mes). When the labrum develops lnto the folcl of the
anterior stomodaeal wall, this mass greatly enlarges and intrudes into its
cavity, sending a pair of celiular strands anteriorly to the base of the
antennule (figs. 41 & 50, mes). Except for these, the mesoderm layer of the
mid-ventral region is represente1 by nothing but a thin protoplasmic mem-
brane scanty in nuclei. The greater parts of the mesoderin which remain
are caught within the limbs.

     Here we must stop to mention the serum space. When stage 7 is
attained, the germinal disk which has been in close contact with the yolk
surface becomes detached from the latter, thereby forming a narrow space•
This space (figs. 40, etc., s. s>, the primary body cavity, is probably
produced by the contraction of the yolk sac and filled with a plasmic sub-
stance, " serum" (RmcHENBAci{'s terminology, 1886), which is the dissolved
deutoplasm exuded from the sac. Such serum space") are already developed
in previous stages, in front of the brain, behind the stomodaeum, and also
in the base of the thoracico-abdominal papilla. Since the egg body enlarges
and the yolk sac contracts, the primary body cavity enlar.qes, extending
toward the dorsal side, finally to surround completely the yolk sac•
     With the appearance of the serum space and at the same time icsthe
segmental condeltsation of the cells, the naupliar mesoderm, which has been
confmed within the ventral re.rrion, extends laterally in vc yiRg degrees
beyond the base of each limb. Further, the mesoderm is indefinitely divided

into several more or less continuous parts. In the mandibular segment,
which is most typical in constitution, the mesoderm is divided on both
sides into lateral, lirnb, and internal parts. The latez'al mesoderm is a
thin cellular plate extending laterally throu.gh a narrow serum space for
some distance from the base of the maRdible. The iirab mesoderm, which
has already beeR referred to, is a large mass enciosed within the limb
cavity. On account of the broadness of the base of the mandible, the limb
mesoderm, is rather indistinctly separated from the other two parts. The
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internal mesoderm, after departing Åírom the inner margin of the limb
mesoderm, runs toward the median as a rather thick cellulaz' band which
is connected with its ptartner on the opposite side by a rnembraneous plate
under the ganglionic pair. In the antennal segment also the'o'e three parts
of the mesoderm are well distinguished. The internal mesodeym extends
to the stomodaeum and surrounds it as a rather thlck coat which may be
termed the peristomodaeal mesoderm (figs. 36 & 40, Pst. mes). A p.irt of
this coat invade3 the labrat cavity (fi,cr.. 40). The mesoderm oÅí the anten-

nttlar segment is undivided and the aggregation of cells tal<es a for'm
somewhat dfferent from those in other segments. The internal mesoderm
gives place to a pair of Iongitudinal baRds which originate in the anterior
side of the peristomodaeal mass and extend forward beneath the halves of
the brain as far as its anterior encl <fig. 5e, mes). The3e pairecl bands have
been observed in tlae previous stage.
    As a coRsequence of the a!]}ove descriSed aggregation of cells, the

continuous mesoderm layer' ruptures at.the thinner parts.between the
thicker parts which later grow into muscles ancl other mesodermal tissues.
Unlike the Mysidacea <MAN'roN, 1928Il} but like the majority of Malacostraca,

the naupliar mesoderm of SquiUa never, in any stage, forras a distinct
somite or a coelom in any segment. The division of the mesoderm in each
of the segments mentioned above strongly reminds us of the condition iR
the mysid, reported by VoG'r (1935.a>, in which the mesodeiim is simllar!y
divided on both sides into three parts.

     Cell Degeneration. In the egg nauplius a remarl<able phet omenon may
be observed; namely, from the stageof the establishment of the .g.,erm{nal
disk to that of the uplifting of the Raupliar appendages, active degenera-
tion of the cells goes on not noly in the yolk but also within the mesoderm
Iayer. The disintegration products scattered iR the yolk mass are evidently
the result of the degeneration of the yolk cells. The disintegration products
found within the mesoclerm layer, hoxvever, need some descriptlon.

     I)uring the developrrxent of the.appendages, the chromidia liberate:1
by nuclear disintegration are t:requent!y found in the mesoderm layer or
betweei} it aiad the ectoderm, in the appbnclage cavities ancl even in the
developing gaRglia (figs. 30, 32, 3,5 & 36). The following facts are very
suggestive as to the origin of these chromidia. As pointe:l out before, in an
earlier stage of the uplifting of the limb, the arrangement of nuclei in its
ectoderm becomes yery irregular presumabiy due to cell sinl<ing <fig. 30).
In iater stage3 the limb c.avity includes a number of chromidial particles
<fig. 35). The chromidia are usually fottnd intermingled with tlie mesoderm
nuclei or immediately above them. In this case, however, they are often
observect at' the same ievei with the ectoderm nuclei. They are also seen
in the ganglion amidst the ectodermal ganglionic ce{ls (fig. 36>. The most

notew.ogt"y,,is,ghe,ig,gXe,S.e,ltCS.i.n,,t'IX.ia,b:6"ingg:,gO.ik, .hi.h i, .,i..inaiiy an
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invagination directed posteriorly rotates in stage 5 to be:ome anteriorly
directed. Prior to this rotatioR, the epistoma{ ectoderm is composed of
tall cylindrical cells which show more or.less distiRct ce!lular borders and
contain nuclei at various levels. When the stomodaeum makes its definitive
orientation, the epistomal part of tlte ectoderm is protrttded backward as
the labral rudirpent, and its cells grow shorter and thicker with most of
the nuclei at the same level. The chromidial particles make their appear-
ance in the labral cavity at the same time as this change in the arrange-
ment of the ectoderm nuciei. Ai! these facts apparently indicate that the
sinking of the e:toderm cells actually takes place, and that the disintegra-
tion products originate from the3e sunken cells.

     The above mentioned sinking of the ectoderm cells is practically of
the same nature as that which.takes place in the-extra-blastoporic region
before and after the ciosure of the blastopore. In fact the celi immigra-
tion continues more or less without interruption, except in the extra-
embryonic region where the immigration stops much earlier, till the appen-
dages are constricted from the egg surface. The nuclear disintegration
in •the region outside .the yolk sac has alrerdy been noticed !n.' the
nattplius of Panzeliras by TERAo (1921,.!29), who explaiRs it as due to the

degeReration of yo!k. cells which sank from the ectoderm in the areas
" which are eithe: depressed or composed of rnore compactly set celis"
(p. 443). In"HERRi.ci<'s (1892) figures of the. nauplius of AIPhezes and atso
in BuMpus' (!891) drawings .of the same in Hlomarus, the decomposition.
products are found in exactly the same place as in Sqteilla, though they
are not speciaUy mentioned by either of the authors. Thus, the extra-
blastoporic sinking of the e:tQderm cell appears to be of a universal occur-
rence in Decapoda.
,h, ,.R ,f'ww.X8:.,F.'\ "kZ'ggtggg?c.ev,t:fgfg3'zg zf.ggi•as.' ,• I:.cg:$sfatgz .)2;ig}

the immigration of the extra-blastQporic cells. The cells include the rneso-
derm cells sunken from the U-shaped ectoderm band, the preantennuiary
mesoderm cells derived from the-optic !obes, and the yolk cells from. the
mid-ventral as well as the extra-embryonic regions. Of these, the preaRten-
nulary mesoderm wM be taken up first. In an ear{ier phase of the
formation of this mesoderm, many chromatin particles were fottnd inter-
mingled with the cells which are loosely attache5 to the lower surface of

the optic lobes and aboLtt to aggregate to form a continuotts sheet. Such
particles are also fou.ncl within the cell complex of the optic lobe which is
in the course of cell sinking, showing a very irregular nuclekr arrange-
meRt. .Iiprnediately after the formation of the preantennulary mesoderm,
the.yoll< cel!s mixed with clisintegration products are found beneath the
optic lobe in much greater numbers than in any other p3rt except the
ventral plate (fig. 29). These facts appe)r to indicate that the optic lobe
produces yQik ce!is besides the name5 mesoderm cells. This explains
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 the greater abundance of yolk cells in this region than in other regions.
 The chromldia found in the ectoderm and immediately beneath it are
 apparently the products of a premature degeneration of the yoll< cells in the
 course of submergence. Most of these cells degenerate almost at the same
 time as the destruction of the preantennulary mesoderm. The degenera-
 tion of the latter after the formation of a temporary layer is very signF
• ficant. Since the nuclear decompo'sition seems to have a connection with
 the !iquefaction of the deutoplasm, these two kiRds of cells are materially
 identical in their fates and functions. That one forms a layer whereas
 the other does not, iS an unimportant difference mainly due to the forrner's
 remaining attached to the ectoderi[! while the latter sinks more or.{ess
 into the yolk
      As said befere, the U-shaped ectodem band produces the mesoderm
 and the extra-embryonic region the yoik cell. This distinction, however,
 does not necessarily suggest the fact that these two regions produce the
 elements belonging to differdnt gerra layers. In the region of the U-shape5
 band the mesoderrn layer is already formed beneath it. The immigrants
 from this region tlierefore join with the mesederm without penetrating it.
 On the other hand, in the extra-embryonic region, as well as in the fuid-

 ventral region where the inner layer is not found, the immigrants immediately
 submerge into the ybll< and become yoll< cells. The yoil< cells may
 also originate in the mesoderm and, on the contrary, may unite with the
 lcfttter by passing through the yolk (cf. p. 89). Tltese facts c{eariy show
 the identity of the fundamental nature of the two elerne!its. Theimrnigrants
 from the extra-blastoporic region do not comprise the elements belonging
 to different germ layers, but the cells from the same origin may behave
 differently accorcling to circumstances.
      TERAo (1921, '29) holcls the view that the yoik cells coming frorr} the
 extra-blastoporic region are eRdodermal, becatise " their function as vitelio-
 phags seems to point to their endodermal origin, since such a function is
 one of the essential attributes of the cells of the endoderma{ rnid-gut" (p•
 440)• In that the immigrants degenerate eventually, there is no objection
 to considering them as yolk cells. But the viteilophagous function, in my
 opinion, does not necessariiy suggest their endodermal origin. If they were
 all endoderma{, then it rnust be admitted that the latera! ectoclerm band
 in Sqttitta produces the mesoclerm first and the endoderm later. Further,
 since the mesoderm layer is alrerdy laid in the nauplius, the endodermat
 cells should invade the space between the ectoderm and the mesoclerm•
 These inconsisteucies disappear whelt these yoil< ceils are considerea as
  mesoderma{. In fact there is no sound evidence that all of the immigrants
  disintegrate without join!ng with the preexisting mesoderm. Furthermore,
  there is appar'ently no reason for attributing the viteilophagous function
  to the endoderm only. Yolk spherules which have probably been caught
  by the invading mesoclerm are freqttently observed in the limb cavity of
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the Sauilla. HERRicK's (1892) figure depicts similar bodies in the appen-
dage of Alphetss. As these yo!.k spheru!es disappear later, even true
mesoderm cells cftlso seem to retain an ability to dissolve the deatoplasm.
Further evidence rnay be found in the degeneration of the preanteRnulary
mesoderm. Thas it is certain that the extra-blastoporic immigrants consist
of only mesodermal etements which may develop either into erue mesoderm
cells or into yolk cells. The Iatter degenerate completely sooner or
later. They may be derived a!so from the blastoporic region as statea
before, but should not be confused with endodermai yolk cells which
participate iR th'e formation of the mid-gut. The eRdodermal yolk cells will
be rneRtioned later.

    The formation of a part of the mesodeym by the immigrants from
the extra-blastoporic region seems to be a rather universal occurrence in
I)ecapoda. TERAo (1929) acknow!edges a similar origin of the yelk celts
(mesodermal in my opinion) in Panulirus and suggests that this might be
the case in AIPIzeus (HERRicK, l893) and ffomarus (BuMpus, 1891). HF.RRicK's

primary yoll< cells really appear to rae to be nothiRg but the forerunners
of extra-blastoporic immigrants. Such ce!ls are atso recorded of Pantgli•rus
<TEi<Ao, l929) and Leander (SoLLAuD, 1923). Moreover, LEBEDiNsi<y (1890,
in EptiPItyrd and BuTscHiNsKy (1894, in Gebia> clearly state that the pro-
liferation of mesoderm cel!s as weli as yolk cells start from the lateral
thickeRings ef the ectoderm. This mode of rnesederm formation has
never been observed in Malacostraca other than Decapoda, except for the
preantennutary mesoderm of Mysidacea and Nebaliacea.
    In these two orders, according to MAN'roN (1928, '34), tlae optic lobe
prodtices inner elements which form a pair ef preantermulary mesoderm
somites enclosing the ccelom. As stated above, such a mesoderm in Sqteilla
forms a transient sheet of which the iarger part laterdegenerates. In no
other malacostracan order has the presence of this type of som{te ever
been noticed. TERAo (1921, '29) reports active slnking of yolk cells in the
optic lobe of Panulirus. These cells are considered mesodermal, and it is
higliiy probable thtat the cell sinking represents a rudimentary state of the
forrnation of the preantennulary' segment. Evidently the cell imrnigration
frQm the optic lobe was tal<en by most of the previous attthors for a
process in the formation of the optic ganglion. If this is the case, a notable
series of gradual reductions of the preantennulary mesoderrn somite can
be trcaced from the Neba{iacea and Mysidacea, through the Stomatopocla,
to the De:apoda. Namely, iii the first two orders a ceetom is formed in
the somite, in the seconcl the somlte is represented by a transitioRal cell
layer, while in the third only scattered yolk cells are found. On the other
hand, with the reduction of the somite, the extra-blastoporic iminigration
of the mesoderm becomes more conspicuous. In Neba{iacea and Mysidacea
this immigration is Iimited to the above-named somite, whereas in Stomato-
poda it extends over the blastosphere, and finatly in Decapoda immigra-
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tion takes place even prigr to gastrul.ation. From these facts,.it may be
emphasized that the' preaatennulary inesoderm formation is a specialized
cqse of extra-blastoporic immigration, or, more appropriately, the fermer
represents the first step to the Iatter.

                      5 Meta-Raupliar Regio"

     Chan.ffes in Externat Form. As s.eon as the naupliar appendages rise
from the egg surface, the oval ventral plate also emerges 'on its anterior
margin (st.age 5, fig.'4>. With gradu`al clevetopment (figs. 4-6), it grQws

into a more or less quadrangular thoracico-abdom{nL,il papilla, folded over
the egg surface and directed towards the anterior (sta.$le 7, fig. 6.). The
tip of the papilla, however, does not go beyond the level of the posterior
margin of the mandible in stages 6 and'7 (figs. 5 & 6). This is due to
the displacement of the papilla towards the posterior brought abottt by the
elongatton of the embryonic disk in the region between the rrxandib!e and
the base of 'the papilla. 'A pair of deepiy staining areas then appear on
the embryoRic disk close to the thoracico-abdominal rudiment on either
side ; subsequently, another pair appear behind thend. These areas represent

the rudiments of the maxil!ulae and maxillae, which grow into. mammF
form processes arranged antero-posteriorly <fig. 6, m.y 1, mx 2). After
these appendages alre formed, the thoracico-abziominal papilla continues to
move backwardg aRcl produces two more pairs of small precesses behind
the maxi!lae and close to its base. Unlil<e the for• eL.croing appendages the3e

pairs lie side by side. The external one, situated on the germ{Ral disk,
vepresents the first maxilliped, and thg interRa{ one, locatea at the junction
of'  the thoracico-abdominal rudiment aRd the germinal disk, is the second
maxil!iped'  (fig. 7, 71txP Z, mxP 2). Both pairs of maxillae are directed some-

what agtero-internal!y and do not deve!op much until hatcliing, but the
maxillipecls are directed anteriorly and undergo great development.
     Tl2o'rac;go-abdo)7zinal Rzsdiment. The ventral plate immediate!y after
the c{o3ure of the blastopore is.repesented by a Iayer of tal! cylindrical
cel!s abundant in.cytoplasm and with round or oval large nuclei contcain-
ing few'  6hromatin (fig. 21, bp. a.).. The cells graciually become shorter

toward the anter2or and are contlntious to those of the germincal disk, but
posteriorly a.nd laterally they u.re sharply demarcate.G 6y extremely fiattenecl
cel!s of'  the extra-germin31 re.cr.ion. In this stage, the proctodaetim is a
smai! grbup of flask-shaped cells occupying the central part of the plate
(' fig• 2' 4, br). When stage 4 is attained, the anterior margin of t'he plate
is limited by a very shaliow groove on the surface (fig. 29, fx). On the
lateral and posterior sides the cells become shorter ancl continue imper-
ceptibly into the extra-germiRal b!astoderm. A small part of the e:toderm
surrounding the anus k#s much smaller nuclei than other regio.ns. On
both sides of these cells are three or four cells containing abundant cyto-



         Studies on the Embryology of Squilla eratoria de ffaan 101

plasm andi round, voluminous nuclei with a few large nucleoli. They
are arrang.ed in a pair of lon.q.ituclinal rows. In surface view these cell
rows are not so distinctly define5 as in section, but it is very likely that
they represent the ectoteloblasts which soon become more clearly define5.
As stated before, eight mesoteloblasts proliferated from the blastopore
form an irregular mass in front of this in the preceding stage (fig. 34,
mes. teg>. They migrate somewhat posteriorly and to a position beneath
the proceodaeum in stag 4 (fig. 29, fnes. tel). Besides t•hese cells, the inner

space below the ventral plate is occupied by undifferentiated mesendoderm
cells sunk from the region just above, and also by the disintegration
products of these ceTls.

     in stage 5, the ventral plate deveiops into a process pyramidal in
section <figs. 32 & 33). The anterior side of the proeess slopes very steeply,
as it is separated from the egg surface by a semicircular groove laid in
the pre•-veding stage, while on the lateral an'J posterior sides the Slope is

much inore gentle and there is no distinct iine of demarcation. The
anterior slope repeseRts the future ventral side of the process. The nuclei
of the other side of the process are of various sizes, smaller in the peri-
anal or anterior region, larger in the posterior (fig. 76). The ectoteloblasts
can clearly be seen from the exterior for the first time in this stage•
They are seven iR number and arrangect in a semicircular rovv along the
anterier raargin of the process (ftg. 76, ect. tel). The row is composed of
a central cell (.c. ect. tel) which is furthest toward the anterior (morplto-
logically posterior) aRd three later.al cells which gradually range baÅëkward
from it. The whole row lieg on a plane parallel' to the egg surface but
slightly oblique to the dorsal surface of the thoracico-3bdominal process
(figs. 32, 33 '& 4•4). Eight mesoteloblasts, also re.cr.ularly arrangel., are
dispose[1 symmetrically and form an incomplete ring surrounding the procto-
daeuM (fig. 76). They lie on a plane below and nearly parallel to the
piaRe of the ectotelobTasts (fig. 32). More ectoteloblasts are added with
further developmeRt probably by the modificatioR of ordinary eetoderm eells•
Their increase may also be dtie to the divis{on of preexisting teloblasts•
                                                           tThe division ftgures shown in fig. 76 represent this ixtode of increase,
since the spindle fibres are oriented transversely to the body axis instead
of in the longitudinal direction which would indicate a prolife'ration of
descendants. The number of mesoteloblasts remains unchanged till the
end of the telobl•astic division.

     The thoracico-abdominal process continues to grow forward. It
protrudes anteriorly over the egg surface in stage 6 to become a quadrangle
witk a notch oR its rnargin (fig. 6). Ectoteloblasts increase in nuinber to
13 and form a horse-shoe-shaped row enciycling the process ventraily and
lateraily but not in the mid-dorsai region. The p!ane on which the row
iies ma!<es a sharp angle with the egg surfa•-ve and cuts the theracico-
abdominal process ob!iquely (fig. 37). The central teioblast situated m{d-
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ventrally is weTl defined. The mesoteloblasts have moved somewhat (mor-
phologically) more posteriorly than in the previous stage and,lie on the
same plane as the ectotelob!asts (fig. 37). Two of them separate from the
rest to lie close each other on both sides of the mid-ventral line. The
others form two groups of three cells and become attached to the dorsal
wall of the process in pLairs (fig. 77).

    Before going further it is necessary to describe the development of
the segments froni the maxiliula to the second maxilliped in stages 6
and Z
    Segments of Maxiltuta and Maxitla. The development of the maxillula
precedes that of the rnaxilla. As stated before, the interspace between the
mandible and the base of the thoracico-abdominal process is enlarged by the
bacl<ward movement of the latter. The maxillLilae make their appearance
in this regioR lateraliy to the process as inound-lil<e elevations. They are
iR such close contact with the lateral side of the process that they are
rather diMcult to mal<e out in stirface view. In sections, however, the
rucliments are clearly separated from the process by deep furrows. With
further displacement of the thoracico-ablominal process, the maxillae
develop behiRd the maxillulae in a rather similar manRer (fig. 43, mx 2)•

     Both pairs of rttdiments are composed of a rather thick but one-
layered ectoderm enclosing a mesoclerm mass. In the mid-ventral region
between the limb rudiments, the ectoderm is rntich thinner and sparser in
nuclei <fig. 40) but siiows active Ruelear divlsion. The mesoderm mass
confined within the limb cavity does not extend beyoncl the limb base
either externally or internally. This is not the case at the antero-postorior.
Although the rnesoderm of the maxillula is separated anteriorly frorn that
of the mandible, it is connecte5 posteriorly by a thin cellular band to the
maxil!a mesoderm, which in turn continues to that of the thoracico-abdo-
minal process. In the mid-veiltral region, a few. scattered mesoderm ceils
are found attached to the ectoderm. The li.mb rudiments of these segments
do not show any sign of ectoderm cell imraigration such as those observed
in the naupliar limbs.

     It is som'ewhat dithcult to determine whether the ectoderm of these
segments is derived from the teloblasts. In Peracarida there is a coincidence
or a certain correlation betweelt the number of se.g. ments and that of the
telob!astic descendants. The origin of tlte named segment may be surmised
from the number of the iatter. It is dithcult to make out stich a correla-
tion in Sqttitla, however, since the muitiplication of the teloblastic desceR-
dants begiRs before the end of the division of teloblast. Further, the fact
that the thoracico-abdominal process is foided over the egg surface makes
the matter rnore dithcu!t. Were the row of teroblasts situated close behincl
the manciible when the former becomes exterxxally differentiated for the
first time, the origin of the segments in question may be apparent• Bat
this•is not the case in Sqtfilla. The teloblasts are differentiated only after
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the thoracico-abdominal rudiment is elevated; and in this stage a narrow
area is formed between the base of this rudiment and the mandible. It
is therefore not altogether impossible to ascribe the erigiR of the segments
to this narrow area. On the other hand, if interRal dffereqtiation of the
teloblasts have already takelt place, though not discernible on the exterior,
the segments can be assigRed to tkese teloblasts. In all probability at any
rate, the following facts appe3r to indicate a teloblastic origin of the maxil-

lular and maxiliar segments.
    1) Although the teloblasts can not be distinguished in the surface
view of the early ventral plate (stage 4), three or four comparatively large
linearly arranged cells are found on both sides of the peri-anal region in
the section (cf. p. 100f). These celis possess all the teloblastic characteristics,
such as the abundance of a more or less granular cytoplasm and the
presence of a voluminous nucleus scanty in chromatin but having afew large
nttcleoli. The anterior extremity of these ceil rows is found immediately
behind the groove which borders the posterior margin of the mandibular
segment. 2) In the sections, the teloblasts are first seen on the anterior
margin of the slightly elevated thoracico-abdominal process before the
maxillulae are laid down. 3) In the same stage (figs. 32 & 33), the anterior
(ventral) side of the process is composed of regularly arranged cells rather
suggestive of their teloblastic origin. 4) In a slightly later stage, but before

the appearance of the maxillar segment, one finds two or three very regu-
larly placed nuclear rows in the mid-ventral region of the germinal disk
facing the thoracico-abdominal process. Such an arrangement of the nuclei
ciearly indicates that they originated from the teloblasts and tliat they Iaave
been displaced to the germlnal disl<. 5) At the point of ventral flexure of
the thoracico-abdominal process, the descendants of the teloblasts appear
to rotate toward the germinal disl<. Sifiilar displacement of cells has also
been observed by BERGH (l893) in Mysis. 6) The lateral members of the
teloblastic row are situated, in this stage, on the border between the process
and the germinal disl<. These teloblasts send their descendants outtoward
the germinal disk (fig. 44, etc. tel).

    From these facts, the origin of the rnaxi!lular and maxiliar segments
may be surmised as follows: The teloblasts are already functionally
diffferentiated before their superficial specialization. Their descendants
multiply by division and spread over the germinal disk, passing around the
thoracicoabdomiRal fiexure toward the anterior, or going immediately
laterally. By the spreading .of these cells the thoracico-abdominal rudi-
meRt is forced to move bacl<ward, and the two maxillar segments develop
in the space thus formed.
' The mesoderm of these segments is evidently derived from the telo-
blasts, because, in the stage during which the ventral plate begins to elevate,
the inner cavity is occE,ipied only by endodermal ce!is and scattered yolk
cells (figs. 32 & 33). In fact the mesoderm of the maxiilar se.crment iS
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completely cut off from the ' mandibular mesoderm as stated before. In
fig. 43, drawn frorn aR e,gg'whfch has the maxillular seg.ment alone, the
rnesoderm'within the limb cavity is continuous with that of the thoracico-

abdomirtal process, clearly indicating that the former came from the latter,
or namely, that it evolved from the teloblasts.
    As far as'can be concluded from careful studies carried ou't on the
embryonic deveTopment of Malacostraca, the authors are in complete agtiee-
ment on the view of the teloblastic origin of these segments in the whole
of the sub-class except in Decapoda. In regard to the I])e:apoda also,
Rmci-iENBAci{ (1886, in Astacus) and FuLiNsKi (1908, in Astacpts) hold a sirallar

view, but TERAo (1929, in Panuliras) and SoLLAuD (1923, ig Leander) are of
the opinion that the two maxilliped segments have no relation to the
teloblast. TERAo traces tke orgin of these segments to his "anterior bucl-
ding zone". Ag wili be di' scussed Iater, thig zone is, in my opinion, nothing
but the' gdnglia of these se.cr.ments. To rhy regret, Ihave been unable

to have access to SoLLAuD's "vvorl<. There are some ambiguities and inac-
curacies as regards the Qrigin of the mesoderm in Decapoda. REic}iENBAci{
(l886>, I<iNGsLEy'(1887b, in Palaemon), E[F.RRicK (1892, in AIPhet{s), WEmQN
(1892, iR Cran.cron)1, TF.RAo (1929) and others do not m}ke any distinction
  .between the naupliar and meta-naupliar mesoderm, and they therefore do
not express any definite opinion concerning the origin of the mesoderm of
the two maxiZ!ar segments. FuL]Nsi<i (1908), who was the first to apply
the modern conc.eption of the crustacean teloblast to Decapocla, however,
firinly adheres to the teloblastic origin theory of the mesoderm of the post-

mandibul.ar segments. .
    Both pairs of maxillae first develop as antero-internally directed small
protuberances. They afterwards become dh'ected antero-externally btit do
not show much advance in their deve!opment (fig. 59). At the time of
hatching the maxilla is represented by a smiti foliaceous Iobe on the side
of the hypostome, and the maxilla, taking a position close behind the former,

is somewhat narrower and dactyliform (fig. 10). Both pairs are Ron-
artic.utatel. and devoicl of distal. setae.

    Segments of the F•irst and the Second MaecittiPeds. After the establish-
ment of the maxillar segment, the thoracico-abdominal process moves
further bacl<ward, sending .the telobiastic prducts to tlie geyminal disk.

The first"•maxiilipeds make their appearance somewhat apart from and
behind the maxillae, close to the base of the thoracico-abdominal•process.
                                       eThey are pushed away frohi the base of the process by short and shallow

grooves, thereby becoming mound-lil<e protuberances. The second maxil-
lipeds are then formed in a similar manner to lie iRside the /first maxil-
lipeds (figs. 7 & 92>. Thesd rudiments subseq_uently deveiop into anteriorly

directed processes (fig. 59).• The mid-ventral region of these segments is
very thin aE in the maxillar segment; -the mesoderm a!so is raostly confinecl
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within the limb cavities.
     After the ru(liments of these limbs are laid, the translocation of the
cells from the thoracico-abdominal process to the germinal disk ceases, .and
the succeeding segrnents are differentiated in this process. Alt•hough the
thoracico-abdominal proqess moves further backward, this is entirely due
to the growth of ' the segments from the maxillula to the secoRd .rnaxil-
liped.

     Unlike the cephalic limbs, both pairs of maxillipeds undergo great
develop.rnents. In.the stage when all abdomiRa! segments are differen-
tiated, the maxillipeds are represented by long anteriorly directed rods
(fig. 59). ' The development of the fitst maxilliped,' however, is some:
what retard'ed both in length and in thickness, as comp.ared .with that of
the second which grows as far as the mandible. Each limb is divided
almost simultaneoaly into six joints, by the appearance of transverse grooves
on the limb surface in this stage. As the development proceecls, the maxil-
lipeds are forced to bend in various directions en both sides of the thoracico-
abdominal process because of the lack of Space (fig. 9). The first maxil-
liped is articulated "'ith six sLibequal joints at the time of hatching (fig•
10, mxP 1). The second is also six-jointed but rnuch stouter and Ionger;
its basat joint is provided with an oval epipodite which is a hypodermal
expansion of the joint (fig. Ie, mxP 2).

     Exte?"nal. DeveeoPment of T}toracic and Abdominal Se.ctments. The
thoracico-abdominal process is about a third ef the length of the embryonic
disl< (cephalic region) at the time the maxilliped segment are laid. Although
the proeess has greatly lengthened, it does not.' extend anteriorly beyond
the level of the mandible becatise of the baclscward transiocation of its base
(fig.. 7). Later, however, the tip of tke process graC!ually grows forward,
finaliy reaching the rostral region (fig. 8). The free thoracic and abdominal

segments become twice as long as the cephalic region at about the time
of hatching.

     Shortly after the formation of the second maxilliped segment, the
third thoracic segmei}t is constricted away from the bEsa! part of the
thoracico-abrlvominal process by the formation of shallow lateral grooves;
The succeeding segrnents are differentiated ilt the space between the pre-
existing segment and the undifferentiated terminal part by sirmilar coRstric-
tions which appear on the lateral side of the process (fig. 9). Thus the
develepment of segments proceeds from the front toward the back•
Eventuaily six thoracic and six abGorninal segments become marke5 out by
lateral grooves. These grooves late'r extend toward the•median on both
dorsal and ventral surfaces and develop into articulation furrows. The
distal margin of the process, i. 'e. the tip of the telson, is at first round
(fig. 4) but becomes slightly Rotched when the maxillae are laid (fig• 6>•
The telson is bilobated by the gradual deepening of the notch, by the time "
the thoracic se.rr.ments are al! differentiated (fig. 77>. The notch gr.ows
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shallower again after this, and the telson finally tal<es a more or less
quadrangular form (fig. IO). The two maxilliped segments, which have
been laid down on the germinal disk at the beginning, are Iater constricted
away from the cephalic region to becorne the most anterior of the free
body-segments (fig. 10). Besides these two segments, only the first four
abdominal segments develop appendages; the z'e."bt remain without ap-
pendages until hatching. The limb buds of the abdominal segents appear
as lateral projections of the segments; each of them splits in two and
becomes biramous pleopod (fig. 10>.
     Additionat Remarks on tl•te Teloblasts. WheR the maxillar segrnent is
Iaid down, the number of ectoteloblasts is raised to 21 (fig. 77). This
number is maintainecl to the end of the teloblasti.c division. The posterior
ends of the horse-shoe-shaped row meet each other on the median line and
the telob{asts forrn a complete ring around the thoracico-abdminal process.
The angle between the surrface of the process and the row of teloblasts is
enlarged to abottt 45L". Thetaangle increases still rnore with development,
but the teloblasts clisappear before it reaches 90'. The number of meso-
teloblasts remains unchanged, and the rei.ative positions between themselves
as well cas between them and the ectoteloblastic row also stay the same
as that observed in the preceding stage. The teloblasts disappear, or maybe
it is more appropriate to say, they cease to divide at fabout the time the
eiglttli thoracic segment is externally differentiated.

     Before the proliferatien of the te!oblasts cornes to an end, the multF
plication of their descendants begins in the anterior segments. This is the
case both in the ectodemn and in the mesoderm. It is therefore hardly
pQssible to find out how many times the teloblasts undergo division in
order to produce one segment, or how many direct offsprings of the teloblasts

constitute a segmeRt. However, so far as the mesoderm is concerned, it
appears certain that one offspring gives rise to one segment. The finat
division of the teloblasts is easily distinguished from the foregoing ones by

the fact that it is an equal division instead of an unequal one• As stated
above, the final. division takes place when the eighth thoracic segment is
externally differentiated. A careful examination of an egg ilt this stage
revealed that: the dorsal mesoderm in the part Included within the un-
differentiated region of the thoracico-abdominal process (from the posterioy
member of the products of the last teloblastic divisiot) to the posterior end

of the eighth thoracic segmeRt) forms a regtilar Iinear row of seven se{ls
arranged antero-posteriorly, whereas the eighth cell divides transversely to

the axis of the thoracico-abdominal process; and that from this cell
forward, the regular arrangement of cells is disturbed. The division of the
eighth cell, therefore, is believed to represent the ftrst multiplication of
the direct descendant of the teloblast, taldng place simultaneously with
the external dfferentiation of the segment. The number of cells arranged
in a regular row frbm the eighth cell backward is in strict accord with
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  that of the segments to be differentiated Iate.r (seven abdominal segments
  being counted from the gangl•ionic pairs). From this fact it is evident
  that an offspring corresponds to a mesodermal segment. Namely, after
  uRdergoing 15 unequal divisions, the mesoteleblast divides equal!y, and each
  of the products of tlais division gives rise to the mesoderm oÅí the sixth
  and the seventh abdominal segment respectively. This mode of formation
  of the mesoderm of the last two segments is in complete agreement wlth
  that in Mysidacea.
      As aforesaid, two of the mesoteloblasts are situated on either side of
  the median line on the ventral wall of the thoracio-abdomipal process, and
  the remainders are attached to the dorsal wall, three on each side (fig. 77)•
  The descendants of the teloblasts on the ventral side form a pair of distinct
  longitudinal bands. These bands run to the anterior along the ventro-
. Iateral corners of the process, gradually diverging (fig. 81, v. mes)•
  Similarly, the groups of teloblasts on the dorsal side construct, on either
  side of the median line, a pair of broad bands attached to the dorsal wail
  (ftg. 81, d. mes). These mesoderm bands show rather distinct locations
  and have different fates. Because of these remarkable features, Ishali
  name these teloblasts "ventral and dorsai mesotelobalsts", and their
  offspriRgs "ventral and dorsal mesoderm bands" (figs. 77-81). When the
  segments are differentiated externally, these mesoderm bands become divrded
  more or less distinctly into segmental masses, the rnesodermai somites
  (fig. 78>. The ccelom, however, never develops in any segment.
      The e:toderm constituting the dorsal and lateral walls of the thoracico-
  abdominal segments remains one-layered until the time of'hatching. But,
  on the ventral side, the composing cells multiply in all directions to
  construct the ventral nerve cord (fig. 78). Since the eetoteloblasts form a
  ring, it is evideRt that the whole surface of tke body wall is derived from
  the teloblasts in most of the segments. However, since the ring is opelt on
  the dorsal sicle in an earlier developmental stage, it is evident that the
  ordinary blstoderm cells also participate iR the formatioR oÅí dorsal waU of
  a few anterior segments.
       The Telson ancl Its MesodeTm. As the teloblasts send out their offspring
                                        "  in the anterior direction only, the ectoderm of the telson must.be derived
  from some other source. This ectoderm is originated from a few cells
  situated distaiiy to the toloblastic ring (fig. 40), namely, from the smaU
  celis of the peri-anal region of the e3rlier nauplius stage (fig. 37 ; cf• p- 24)

  or, tracing it back further, from the peri-blastoporic ectoderm cells, as the
  position of the blastopore correspoRds to the anus (cf. p. 14)•

      The development of the median notch at the tip of the telson and its
  subsequent disappearance are associated with the translocation of the agus•
  in the beginRing stage of the e!evation of the thoracio-abclominal process,
  the anus is fottnd in the mid-dorsai region of the proce3s (figs. 29, 33, 40
  & 76). The space between the anus and the teloblastic row is subsequently
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slightly eniarged, and the anus is displace'3 to a positioR. near the distal
rnargin of the telsoR. OR the other hand, the more active cell inultiplication
in the region lateral to the anus and the stoppage of the development
of.the post-anal area, mould the telson into a pair of caudal furcae
w.ith a deep median furrow (fig. 77>. The aRus reaches the furrow and
becomes terminal in about stage Th 4 (fig. 78). The vent'ral lip of the
anus is formed by the central e:toteloblast; that is, the ventral lip represents

the posterior margilt ef the ultdfferentiateal abrlomiRal segment. It
is exteltdei farther than the clorsat lip. The median groove is deepest, in
stage Th 7, a!most attainlng the anterior end of the telson. After that the
growth of the dorsal lip gradually ftlls up the median groove and at the
same time brings the aRus to the veatral side. As theventral lip remains
ciuiescent, the translocaterl anus becoraes bordered anteriorlyby theposterior
marg!n of the'Iast abdominal segment (figs. 79 & I05>. With the complete
disappearance of the provisioltal caudcal furcae, tke telson appears more or
less quadrangular at the tirne of hatnvhinLcr. (fig. IO>.. Thus the'translo:ation

of the anus is a passive process brouLcr.ht aboLit by the appearance and
disappearance of the caudal furcae.

     The mesoderm of the telson is independent of the mesoteloblast in
its origiR. Just after the tkora:ico-ab[lomina{ process be.cr.iRs to elevate,
a few cells irnmi.grate' into the inner cavity from the peri-anal ectoderms
on both sides of the anus. The immigration is continued up to the tirde
of the formation of the se:ond maxillipe:! segment (figs. 40 & 86). The
sunl<en cells represent the telson mesoderm, the fo'rmltion of which is
nothing but a continuation of the blastoporic celi immigration, in so far as
the anus corre3ponds to the'blastopore.

           6 Ear}y DevelopmeRt of tke Digestive System

     Stomodaet{m. Although the stomodae3t invagination is Rot clearly
visibie frorrr the exterior in stage 4, it is represented iR sectioR by a s!iglit

depression on the mid-ventral line between the leve!s of the antennule ancl
antennae. The oral aperture caR be seen from the surface for the first
time in the same region as a narrow transverse and crescentic aperture in
stage 5 (fig. 4,i. The stomodaeim is a sac-iil<e invagination of the surface,

located between the post-oral e:toderm and the mesodem and posteriorly
directeaf, but not peaetrating the megoderm (fig. 32, st). It is lilte5 with a
layer of e)toderm cells, and contains aslit-like cavity which is wide trans-
versely, but so narrow antero-posteriorly, that practicaily no lumen is found

in it. In the later stage 5 the posterior wall of the stomDdaeum, which
has bee3 in close contact with the lower surface of the hypostoinal ecto-
derm, be:omes detache1 from the latter. The stomodaeum then rotates
anteriorly at its inner end, and in stage 6 it shews.an inciillation oppo3ite
to that of the precedin.cr. stage (fig. 40, st). At the same time, the stomo-
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daeal cavity enlarges and becomes shaped like a fiask with a narrow
entrance and ft. rather spacious lumen, oval in horizontal section. With this
change in form, the stomodaeum comes into direct contact with the yoik
surface at the inner end, penetrating the rnesoderm sheet. The ectoderrn
ef the pre-oral region graduaily rises above the surface, shortly afterwards,
and grows posteriorly into a .Iinguiform process coVering the oral aperture.
This is the rudiment of the labrum (fig. 40, lb). By thebackward growth
ef this labrum, the oral aperture is gradually translocated toward the
posterior to extend beyond the antenna (fig. 7).

    Proctodaettm. It has been stated before that immediately after tke
closure of the blastopore, the central part of the ventral plate becomes
occupied by a group of elongatea fiasl<-shaped cells (figs. 24 & 33, Pr).

These cells, which represeRt the first rudiment of the proctodaeum, are
the remnaRts of t!}e cells which constituted the wail of the blastoporic
pit. These cells graduaily grow inward and, together with the new cells
corning from the surface, develop into a short tubular structure. As the
ventrai plate rises above the egg surface as the thoracico-abdominal
process, this structure becomes included within its cavity. In stage 4 this
proctodaeal rudiment is packed .with cells and the anus is merely a longi-
tudinal slit. The lumen of the proctodaeum first appears i.n stage 6 (fig.
42, Pr) as a funnel-shaped space lined with aR epithelial layer and clearly
outlined oniy in the distal part of the proctodaeum. The proctodaeum,
however, does not come in contact yet with the rnid-gnt.
    En cto Ldicrm. The immigration of yollsc cells from the extra-germinal
ectoderm ceases before stage 4 is attaine(1. The majority of yolk cells,
which have previously been found in large numbers immedlately beneath
the surface of the extra-gerinlRal region, submerge deeper into the yolk and
sooner or later disintegrate (figs. 29, 30, etc.). Consequently, tliey com-
pletely disappear from this region in stage 4• and, being attached either
to the mesoderm or to the ectoderm, remain only in the germinal region
and its circumference (fig. 101, e. y. c). Tkese cells are characterized by

their mere or less triangular nuclei, fiattened on the external side aRd either
cuspidate. or round on the intemal side, containing little chromatin retiqulum
besides a large central mass. In addition to these cells, disintegration
products are found in abtmdance especially under the optic lobe and
tho:'acico-abdominal rudiment. The deeper part of the yolk is usually
glevoid of nuclei except degenerating ones. The yoll< cells, confinqcl within
the germinal region in this stage, gradually malsce thelr way along the
most sLiperficial part of the yoik to extend as far as the mid-dorsa! region.
In stage 6 the whote surface of the yolk is scattered x"ith these yolk cells

(fig. 102, e. y. c).

    The constitution of these yolk cells coLild not.be made out distinctly.
The cytoplagm is recognizable only in the lmmediate vicinity of the nucleus,
and is hardiy distinguishable frorn the deutoplasm in the peripheral part,
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lacking any distinct outline. - It was impossible to find out whether cyto-
plasm of tlae ' yolk cells forms a membrane all around the wbole yolk mass,
althottgh the presence of a plasmic membrane around the yolk surface is
clearly recognizable at least in the immediate neighbourhood of the endo-
derm plate (figs. 40-43). Nevertheless the term "yolk sac" will hereafter
be used for the sake of convenience, irrespective of the presence or the
absence of the membrane. The yolk cells are very similar to those of
Mysidacea (MAN'roN, 1928) and Nebaliacea (MANToN, 1934) in that they are
found only in the superficiaHayer of the yolk. This mode of m'igratioR
makes a stuking contrast to that observed in Decapoda, the yolk cells of
which pass through a deeper part of the yolk. The cells of Sqttilla, however,
are quite different in constitution from those in the former two orders,
which have volurninous yolk-laden cells, but closely resemble those in the
latter order, especially Alphens (HERpNici<, 1892).

    As stated before, the endoderm plate is differentiated frem the
posterior end ef the mesendodermal mass. In stage 5 this plate is situated
beneath the thoracico-abdominal process and is composed ef rather flattened
cells, quite different from the yolk cells, with granular cytoplasm and
more deeply staining nuc{eus containing a granular chromatin substance
(figs. 32, 33, 37 & 38). The endoderm plate g. rows by the multiplication
of its component cells' as weil as by the addition of yolk cells. The yolk
ceils, which are about to unite with the periphery of the plate, undergo
some changes in their constitutions. Their cytoplasm become more compact,
have no processes, and the nuclei appear rather similar to those of the
endoderm plate. In stage 6 the plate forms a protuberance in its central
part. Subsequently a tubular process develeps from the protuberance, and
enters into the cavity oÅí the thoracico-abdominal rudiment. In the next
stage the process comes in contact with the preximal end of the procte-
daeum <fig. 42, int). Although the process of the endoderm plate is solid
and packecl with cells at this time, it is soon pierced by a narrow inter-
cellu!av lumen which represents the first rudiment of the intestinal cavity•
As shown in figs. 40 & 43, the lumen in this stage is pervaded by proto-
plasmic strings developed from the cells lining the int'estinal wall. At the

funnel-shaped proximal end ef the intestine, with which it continues to the
yolk sac, the intestinal lumen is screened by a thin cellular membrane from.
the yoll< sac lumen (fig. 43). These facts apparently poiitt to the fact that

the intestin.e does not develop as a hollow outgrowth of the endederm
p!ate, but that its lrunen is produced secondari!y by intercellular splittiRg•
With the development of the thoracico-abclominal process, the intestine
gradually elongates, whereas the endoderm plate spreads over the yolk sac
as a Iayer of cubic epithelia! cells. This is the first rudiment of the rnid-
gut epithelinm (fig. 43).
    Enclodermal Yolfe Celts. It has been stated that in sqttitta, as well as
in Decapoda, the term " yolk cells " signifies two different elements, namely
                                ;
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mesodermal and endodermal. Although the yolk cells which immigrate
from the extra-blastoporic region are Iarge!y, if not entire!y, mesodermal,
those from the blastopore seem to comprise both endodermal and meso-
dermal elements. Since the imrnigrants from the blastopore consist of the
so-called " yolk cells " and mesoderm cells, it is practically certain that the
solitary mesederm cells are included in the term "yoll< cells". These two
kinds ef yolk cells belonging to different germ layers, however, are at first
indistinguishable in their constitution. The endodermal elements 4re clearly
differentiated for the first time in stage 4 when they become characterize5
by their peculiar nuclear structures (figs. 71 & 101). As mentioned above,
active degeneration of the mesodermal yolk cells are observed beneath the
gerininal disk in this stage. After that, tfie yollsc sac is occttpied only by

endodermal ceils. As these cells later .take part in the mid-gut formation,
there is n6 room for doubtiRg their endodermal nature.
    It is not sudiciently clear whether all of these endodermal yolk cells
have come from the blastoporic region or whether some of them have
migrated from the extra-blastoporic region. The obscurity of their origin
is due to the fact that they migrate separately without maintaining any
connection with one another, as reported of Decapoda. It has definitely
been shown that in Paneslirus (TERAo, 1929) the yoll< cells from the extra-
blastoporic region degenerate without participating in the formation of the
mid-gut, and that the latter is due to the expansion of the protoptasmic
reticulum of the yoll< cells invaginated en masse from the blastopore. It
is therefore quite possible that in Squitta also the rrxid-gut is cQnstructed
from the yoll< cells originated in the blastoporic region alone, though .the
precise mode of forraation might ftot be quite identical to that in Decapoda.
In Mysidacea (MANToN, 1929) and Nebaliacea (MAN'roN, 1934), which show
superficial migration of yolk cells as in Squilla, the yolk cells are derivea.
from the blastoporic region and its imrnediate vicinity. The mesodermal
yolk cells of the members ef these orders have not been found. In this
connectidn, however,Iam rather interested to the fact that some of the
vitellopltagous nuclei of Isopoda are said to be rnesodermal (RouLE, 1895;
McMuRRicH, l895 b; GooDRicll, 1937).
    It seems futiie to regard all of tlae degenerating yolk cells as meso-
dermal. Inasmuch as the degeneration ef the endodermRl yolk cells is
definitely known to take piace in Mysidacea and in Panalirzes, those ceils in
Squilta are lil<ely to have the same fate. As a matter of fact, they are
seen degenerating beneath the dorsal organ as will be described iater. It
is highly probable, therefore, that the degenerating cells found in abundance
prior to the differentiation of the endodermal yolk celis partly owe their
origin to the disintegration of these cells as well as to that of the meso-
derma! ones. In iater stages, however, the endodermai cells do not degenerate,
except under the dorsal organ, but take part in the mid-gttt formation.
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PART II ORGANOGENESES
                        7 Nervous System

        A) EarJy DeveloPment of the PPtic Lob.o and tke G4nggia

     The init'ial step in the formation of the ganglia in stage 4 is marked
by tiie sinking of the ectoclerm cells on either side of the mid-ventral
surface <figs. 30 & 32)-. In surface view, however, the ganglionic rudimekts
can not'de clearly distingulshed from other tissues before the end of the
next stasie. They are'found for the first time in stage 6 at the base of
6ach of tlte naupliar appendages and the optic lobes as four pairs of deeply
staining small areas with indistinct outlines (fig.'5>. Pairing of the ganglia
in each segment is clearly shown i'n section be:ause'of the absence of sinking
cells on the median IiRe (fig. 36). Aithough the segmentation is dis'tinct
externally, th'e individual ganglia are not very distinct in !ongitudiRal section

(fig. 41). Cell sinl<ing takes place throughout the Iength of the nervous
system with ne interruption in the intersegmental areas. In these areas,
however, the cell sinking is less active and the nuclei are more sparse than
in the segments. This difference appears externally aS segmentation.
    B6forel going further it is necessary to relate the profound change
the optic lobes undergo, as this has a close conneetion with the develop-
ment of the gt}ngiia.' IR stage 4, in which the appendage rudiments are
laid, 'the optic lObe is'separated from the antennule by a shallow groove.
The'middle and the'clistal parts of the lobe are greatly thickenea and
composed of tal! cylindricat cells, each of which has; near its inner end, a large
dval nucletts scanty in chr'omatln except for large nttcle'oli ; in the 'proxirt)al

part, on the other hand, the cells are shorter and contain ordinary small
nuclei (figs. 29 & 35>. .Since the cells forming the entire margin of the
lobe gradutally continue to the ordinary blasto"Jerm cells without dernarca-

tion,'the growth' Qf the lobe appears to be broixg'ht'about also by tlie
inodificat'ion and addition of the biastoderm cells as well as by the multipli-

                                  tcation of the com'pone3t eells. Accordingly, the otttline of the lobe is rather

inconspicuous when viewed from the surface (figs. 4-6). In this stage,
ener' getic disintegration of the preanteauulary mesoderm is observed beneath

the optic lobe.' ' ''    Cell sinkiltg begins in the(basal part of thg' optic lobe imrnediately
afterwards ancl protiuces the primordium of the protocerqbrum. The optic
lobe' is differentiated, in stage 5, into a maRy-1' ayered proximal and a single-
layeved distal part. The superficial layer of the proximal part, the proto-
cerebra.l regien, is composecl of large nuciei scanty in ehromatin, whereas
the nuclei in the deeper l.ayer are sm.aller and have more clirom'atin materiai.

The constituent cells in the distal part are rich in cytoplasm. and contain
round vesicular nuclei even larger than the superficia! nuclei of the proximal

part.
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     In stage 6 the optic iobe is somewhat more compact than in the
preceding stage and is divided into three portions (fig. 5.>. The proximal
portion, the protocerebrum, stains most deeply, the middle, the gang]ion
opticurn, is more extensive and somewhat lighter staining; while the
distal part, or the retina, is narrow, crescentic and stains the lightest. In
a section sagittal to the optic lobe, the ganglionic masses of the proto-
cerebrum and the ganglion opticum are quite distinct from each' other (fig. 45).

The ganglioR opticum is not an otttgrowth of the protocerebrum as MoRoi?F
<l912a) states, but is derived frem the ectoderm of the region lateral to
the protocerebrum and independent of it. As in the preceding stage the
ganglionic parts are composed of strperficial and deeper layers containing
large and small nuclei respectively. The large nuclei lie in various depths
below the surface, clearly indicating the dislocation of some of them, and
cells dividing perpendicularly to the surface may also be found. Thus, in
addition to their own multiplicatioR, the inner nuclei are increased in number
by the immigration and the radial division of the superficial nuclei. The
retina part remains unchanged and is composed of a layer of large vesicular
nuclei. The two halves of the protocerebrum, developed in both optic
lobes, are clearly separated from the beginning.
     The other pairs of ganglia are the same ln constitution as those of
the optic lobe in this stage. ]n the mid-ventral region of the antennai
segment (fig. 36), the nuclei of the most external layer are sunk more or
less deep as in theiateral ganglionic regions. These nuclei later form the
rnedian connective part of the antennular ganglia. Both mernbers ef the
antennal ganglia are situated laterally to the stomodaeal depression. The
ganglia of the mandibular segment are rather compact and lentiform in
section. They slightly bulge and are separated by a longitudinal median
furrow whick extends from the orat aperture to the base of the thoracico-
abdominal pro:ess and is shallower toward the posterior end. The three
pairs of ganglia belonging to the optic lobe, antennular aRd antennal
segments respectively, fuse to form the brain in alater stag. e, and they are
then cailed protocerebrum, deuterocerebrum and tritocerebrum.
    By the time stage 7 is attained, the three portions of the optie lobe
named above are more distinctly differentiated. The harves of the proto-
cerebrum, whlch are roughly a square, approich e3ch other along the
median line, althotigh they are distinctly separated from each other, as well
as from the ganglion opticum, by a protoplasmic membrane. Iik transverse
section, they are round niasses crowded with small ganglionic cells,
and covered on the anterior side by a layer of iarge cells which are the
direct continuation of the layer covering the whole surface of the optic
lobe. The smali cells of the inner part of the ganglion optictim have
increased considerably aRd spread otit distally under the retina part. They
are divided into proximal and distal masses, concealed from above by the
layers of large cells in the ganglionic and retina parts respectively (fig•
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53, g. oP. 3; g. oP. 4). In the retina part, which is indistinctly separated
from the ganglionic part, the sinking of superficial celis is apparent (fig.
53, x l.).

     The deuterocerebrum is. clearly demarcated from other parts by the
protoplasmic mernbrane developed on the outside (fig. 39, de). The super-
ficial layer oÅí large cells (nb> and the inner mass of small ganglionic cells

are more clearly distinguishecl than in the preceding stage. The median
connective part, occupyiRg the space between the protocerebrain and the
stomodaeum, is a transverse, tubular group of large cells which have aiready
been separated from the hypodermal ectoderm (figs. 39-40, dc. c.>. These
cells are very rich in cytoplasm, have rather distinct boundarles, and their
staining reactions are somewhat different from that of the smaller ganglionic
cell. The tritocerebrum and the ganglion mandibulare becpme more compact
than in the previous stage (fig. 41).

     As mentj.oned above, each ganglion is made up of the superficia! layer
of larger cells and the inRer mass of smaller gangiionic cells in these
stages. Although the sinking of the ectederm cells takes a leading r6Ie
in the earliest stage oÅí the formation of the ganglion, in the stages after
the differentiation of the superficial cells, the enlargement of the ganglion
is mainly due to the proiiferation of these celis by unequal nuclear division,
which produces smaller cells, as well as to the multiplication of the pte-
existing smaller sized cetis. The larger cells strongiy remind us of the
" Neuroblasten" recorded by BERGH (1893) as found in the ventral nerve
cord of Mysis. Several of the offspring of the ectoteloblasts Iocated on
the mid-ventrai surfaceare, according to .hirr}, differentiated into "Neuro-
biasten", which occupy the most superficia! part of the body wall and
pr61iferate internally to form regular vertical rows of small gangiioRic cells.

A{thou.g. h such reguiarity in cellular arrangement is not observed in SquiUa,

there is no doubt that the superficial layer of i.arge ceils is homologous
to BERGi{'s neurobhc st layer. These ce!ls therefere will herea'fter be called
neuroblasts (figs. 39, 50-52, nb).

                             B) Cerebrum

    In a surface view of the cerebrum in stage Th 3, the three pairs of
component ganglia are rather compact and more or iess clearly distinguished
from one another (fig. 46). Both members of the protocerebra are rod-
shaped ancl arranged in a V-shape diverging anteriorly. The deuterecerebra,

 which are on either sicle of the protocerebra, are oval masses connected by
' a median bridge not sliown in the figure. The tritocerebra are nearly
 quadrang. ular in shape and also far apart from each otho.r on either side
 of the stomodaeum. The neuroblasts occupy the anterior and median
 surfaces in tke first gan.glia, whi!e in the next and last pairs they cover
 the external surface. Paired bundles of the nerve fibrils mal<e their first
 appearance in this stage, but they are too .thin to be distinct!y recognized
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unless MALLoRy's stain is used. Each bundie, after departing from the
ganglion opticum, enters the protocerebrum at its antero-laterai corner and
runs posterioriy along the middle of the ganglia as far as the maxiilar
segment. The fibril bundle, situated in the innermost part of the ganglion,
is not covered with ganglionic cells on the side facing the yolk sac. In
the protocerebrum, however, the bundle is surrounded by the cells for some
distance from the entrance. The pai'red longitudinal bundles connecting
the consectttive gaRglia are united by a transverse bundle in each segment
except in the protocerebrum. In the deuterocerebrum (fig. 51, n. fl the
transverse bundle develops in the lowest part of the median, transverse
connective cell-group ; in the tritocerebrum (figs. 64-65, n. f) it is found close

behind the posterior wall of the stomodaeum. As the nerve fibrds are
already continuous throughout these gaRglia when they first can be made
out, it is not certain whether they develop by the union of the fibre
centers in each ganglion, or as continuous bundles from the beginning.
     With the increase of cellular elements and the thickening of the fibre
bundle, the three cerebral ganglion pairs, which have been more or Iess
clearly demarked by narrow spaces scanty in Ruclei, gradually become
indistinguishable from one another. By stage Abd 2, the spaces between
the consecutive ganglia have completely disappeared (fig. 47). The right
and left halves of the brain are almost in contact with each other on the

median line, but are distinctly separated by a protoplasmic membrane
developed on the surface of each. half (figs. 50 & 52). Although the inter-

ganglionic spaces indicated by the scantiness of the nuclei in the earlier
stages (fig. 41) are completely effaced, the derr}arcatioRs betweea the fused

gangila are represented in another way. As fusion continues, deep trans-
verse furrows develop on the exterRal surface of the brain along the border

lines between cosecutive ganglia. Thus the brain in this stage is divided,
in its superficial part, into three swellings arranged antero-posterioriy and

corresponding to the component ganglia. The protocerebra are closer to
each other than before. Furthermore the transverse connecti.on between
the deuterocerebra contains more cells than in the preceding stage. The
cells are reduced to the size of the ordinary gangiionic cells, but may be

distinguished frorn them by containing fewer chromatip substance <fig• 51,
dc. c). They are gro"ped into two masses which join the inner face of the
deuterocerebrum. By this me,ans, the deuterocerebra grow inward and
approach each other aiong the middle line.

    In the small area lateral to the deuterocerebrum aRd internal to the
antennular base, a few neuroblasts are differeRtiated from the hypoderinis•
These neuroblasts proliferate inward to procluce a number of smaller
ganglionic cells. These cells multiply and spread over the lateral surface of

the brain as a rather thick layer reaching the inner end of the lateral side
of the brain (fig. 52, x). This layer then begins to cover the inner surface
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  from both sides toward the median, in the regions of the proto- and
  deuterocerebrurft. The nerve fibrebundle which hxcs been exposed to the
  serum space graduftclly becomes surrounded by ganglionic cells. The new
  layer thus takes part not enly in the incr6ase of the width and height of
  the brain, but also in its reconstruction. The nerve fibres have grown
  iuto a rather thick bundle by this stage. The transverse connective bundle
  between the deuterocerebra is miach thicker than that in other parts,.
  forming a rather conspicuous fibrous bundle occupying the central p.irt of
  the brain (fig. 47). On the other hand, the post-stomodaeal buRd!e, Rameiy
  that of the tritocerebral regi.on, remains thin and is surmounted with a
  narrow cellular band. This celiuiar band, which seems to provide the
  underlying bundle with more fibrous substance, is connected on both sides
  to the "cellular part of the tritocerebra and is clearly differentiated from
  other tissues for the first time in this $tage. The fibres innervating the
  !imbs are now apparent: the ai}teRRular nerve leaves the longitudinal
  bundie just bebind its juncture to the deuterocerebral connective bundle;
  and the antennal nerve departs frorh the bundle in front of the stomo-
  daeum (74, n. f>. Each nerve can be traced to its respective lirrxb base.
       The brain has undergone a remarkable c!a.ange in its shape as wel!
  as in its constitution by stage Abd 6 (fig. 48). The !ateral side of the
  deiterocerebrum is provided with a triangular outgrowth which has been
  produced by the clevelopment of the new layer mentioned above. Of the
  three sweHiRgs of the cerebral surface corresponding to the component
 .ganglia, the anterior two are a{most confiuent ; the border iine is indicated
  only by a shallow greove in the Iateral part. The third, the tritocerebral
  swelling, expands anteriorly over the posterior part of the deuterocerebrum,
  from which it is clear!y dema,rke5 by the slit-like groove made deeper
  than before by the .intrusion of the mesoderm strand (a part of stomo-
  daeil musc!es, fig. I03). The back of the tritocet'ebrum is completely
  separatee from the mandibular ganglion. The connectio'i between the
f two, hovvever, is retained only by naked nerve fibres. The g' reater part
  of the neuroblasts have disappeared, but two or three of them stili
  remain in a very small area of the surface of each component ganglion.
  In the deuterocerebrum, the constitution of the cells derived from the
  transverse conRective part are now indistinguishable from the other
  gaRglionic cells. In the deeper part of the brain a few large cells sornevvhat
  resembling the neLiroblasts are found mixed among smaii ganglionic cells.
  As the sttbmergeRce oÅí the neuroblasts have never been observed in the
                                                                     tt  foregoing stages, these iarge iimer cells are probably differentiated from
  ordinary small cells. On the level of the lateral outgrowth of the deutero-
  cerebrum, namely just behincl the central fibre mass ancl at the departing
  point of the antenRul.ar nerve, the ioltgitudinal fibre btindles have a pair
  of small processes on tlie lateral side (fig. 48>. These nerve fibres are
  nearly completely covered from below by tke median growth of.the
  inner end of the cellular part (fig. 52).
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    The brain is separated fro;n the hypodermis.and invested with a
protoplasmic mernbrane in about .stage L, Th 5. The membrane develop3
even on the median side of the cerebral hemisphere and completely
separate3 the cellular part of the hemi. spheres which, however, are connected
by the transverse nerve fibre bundles (fig. 106). The membrane is scattered•
with very flattened nuclei on the inner surface. It probably develops by
the specializgtion ef the ganglionic cells in the peripheral iayer of the
brain.

    At the time of hatching the brain is roughly V-shaped with the arms
of the V pointed bacl<ward and having the stomodaeal complex inserted
between them (fig. 49). In the proto- and deuterocerebral regions the
cerebral halves are in contact with each other, though distinctly demarcated
by the membrane named above. The lateral process of the deuterocerebrum
is turned forward. The surface of the brain is quite smooth, as the
inter-ganglionic grooves have completeiy disappeared without the sli.ghtest
indication of the suture. The brain is most raised in its anterior end
closely attached to the hypodermis; it grows gradualiy'Iower toward the
posterior and more separated from the body wali. As the neuroblasts
have completely disappearea, the celluiar constituents of the brain are all
srnall' ganglionic cells rnixed with a few giant cells (flg. 71, g. g. c) which

are diEfereRtiated from the latter. The giant ganglionic cell is characterized
by its abundant cytoplasm with a clear border, as we!i as by its large,
faintly staining nucleus. Although the brain 2s separated from the ganglion
opticum as well as from the ganglion mandibuiare iR the cellular parts,
the three are connected by a pair of longitudinal nerve fibre bundles
which run through the whole leRgth of the central nervous system• Thus
the bundles are n.aked for short distances in the interspaces between the
named ganglia. They are relatively very thick,-their diameters being
nearly half the width of the brain. The central fibre mass, occupying
the proto- and deuterocerebral regions, is aimost completely enclosecl by
the cellular part. In transverse section (fig. 106), the cellular part of each
cerebral half, in this region, appears ag a U-shape, with the arms of the U

dire:ted medially and enclosing a cavity containing the centra{ fibre inas3
(n• f)• The anterior part of the central fibre mass is bilobed, being cut
aiong th.e median line by a thin membrane which is continuous to that
which envelops the outside of the brain. The bilobed ends continue anteriorly
to the V-shaped, longitudinal protocerebra! bundles. These observations
apparent!y indicate that the anterior part of the central fibre mass is
formed by the mutual approach of the thickeRed longitudinal bundies.
In the posterior part of the central mass which represents the connective
bundle of the deuterocerebrum, the median intercepting membrane is
naturally missing. A pair of !ongitudinal bundles depart from the posterior

margin of the central mass and skirt the inner side of the tritocerebra;
they are coRnected just behind the stomodaeum by the thin, transverse
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tritocerebral bundle which has become comp!etely naked by this time (fig.
65, n. f). The circum-oesophageat commissures are constructed with these
bund!es. The central fibre mass is provided, on each side, with a smal!
fibre mass derived from the lateral process described in the preceding stage
(fi.cr. 49). The antennular nerve is sent ont froixt the anterior side of
this fibre mass, while the antennal nerve departs from the longitudinal
bundle behincl the former. The brain is not invested with the mesodermal
neurilemma till the time of hatching.

                    C> Tlie Ventral Nerve CoTd

    The differentiation of the ventral nerve cord formed by ali the galtglia
posterior to the mandibular ganglion, proceeds from the front toward
the bacl<. The early development of the mandibuiar gangiion has already
been clescribed. When the segmeRts between the maxillula and the seconcl
maxilliped are first taid down, the ventral region interna{ to the limb base
is composed of a single Iayer of ectoderrr} cells. Active cell clivision in
this region causes the surface to bul.ge out on both sides in a short time.
Thus the rudiinents of the ganglia are represented in each segment by a
pair of l.entiform cell groups arranged side by side on each side of a median
longitudinal furrow. When viewed frorn the surfaee (fig. 59), the ganglia
of all these segments preseRt a ladder-lil<e chain, with more or iess
extensive intersegmental areas, eRtirely devoid of nucleus, on the mid-ventral
line. The ganglia of the first and the second maxMipeds are first laid in
the cephalic payt, Ieaving a narrow intersegmental area in between. The
ganglia posterior to these develop in the thoracico-abdominal process from
the beginning. They are separated from one another only by very slightly
staining transverse lines. The cellutar parts of the ganglia composing the
ventra! nerve cord, e.xeept fer those between the mandibular and maxillar
segments which are somewhat intimately associated to form a stib-
cesophageal gaRglion, do not fuse as in the cerebrum tintil the time of
hatching.
    Sub-resophageal Ganglion. As in the cerebrum, the ganglia between
the mandibular ancl maxi!lar segments are also composed of a neuroblast-
Iayer and an inner mass of small ganglionic cell mass derived from the
former. In a longitudina! sectjon cutting the Iateral part, oiie ganglion
can scarcely be distinguished from aRother in any sta.cre, because of the
ce!lular coRstituents are continuous and uniformly distributed throu:ghout.
In the middie part, however, the successive ganglia are clearly separated
by the aforementioned intersegmental spaces devoid of nuclei (fig• 59).
Although these spaces are gradually reduced with the increase of ganglionic
cells, they remain even when the ganglia attain a considerable thickltess.
In about stage Th 8, the neuroblastg compieteiy disappear and the nerve
fibri!s become apparent. The longitud!nal bundles which are continued
from the brain are connected by the transverse bundle at the middle of
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each ganglion and form a chain similar to a ladder-Iike celluiar part. The
transverse buRdle, extendii}g laterally slightly beyond the external margin
of the longitudinal bundle, forms a pair of small lateral fibril masses from
which the limb nerve departs (fig. 103). In the middle part limited by the
lo:}gittidinal bundles; the transverse bundle is composed of two parallel
strands separated by a narrow cellular sheet (fig. 104). The bundle is not
divided in the mandibular ganglion. The nerve fibres !argely develop close
to the inner surface of the gangiia without being covered by a celKayer.
    These ganglia have coalesced to form a more or less compact sub-
cesophageai ganglion by the time of hatching (ftg. 105). The demarcation
of the component ganglia, however, are sha}Iow superficial grooves in the
lateral region and the funnel-shaped pits on both upper and lower surfaces
in the middle. The pits of both surfaces which communicate with each
other through a very narrow channel, represe'nt the remriants of the inter-
segmental spaces mentioned above. Thus, in a section cuS throagh the
middle line, the three ganglia appear as if independent of one another,
though a section through the lateral part proves this not to be the case.
The iateral halves of the sub-oesophageal ganglion are also completely fused
and not separated by a median protoplasmic membrane, as in the cerebrum•
The border is represented only by a shallow longitudinal groove on the
surface. The ceilular part 6f the sttb-cesopha.g.eal ganglion is completely
separated not only from the cerebrum in front, but also from the ganglion

of the first maxiliiped behincl it, the only connection being maintained
by the paired nerve fibres. Each segment of the nerve ln the ladder-
like chain has a pair of large fibre masses developed at the junctures of
the longitudinal and transverse bundles. 'rhe two strands of the latter
bundies are completeiy fused by the withdrawal of the intercepting cellular
part, and the iatera{ fibril masses are nearly consumed by the ceRtral pair
of fibre masses.
     Thoracic and Ab.rlominat Ganglia. The .ganglia of the thoracic and
abclomiRal segmeRts, except those of the first and second maxillipeds the
primordia of which are laid down in the cephalic reglon, develop in the
thoracio-abdominal process. The development of the ganglia is initiated,
in an early stage oÅ}' the externa{ differentiation of the segments with the
appearaRce ef lateral constrictions, by the active multipHcation of the cells

composing the ventral wall (fig. 78>. As the multiplication is more
energetic in the middle of the segments than in the part between them, the

ventra! wall develops segmental swellings separated from one another by
shallow transverse surface grooves (fig. 78). These swellings, which
correspond to ganglion rudiments, are very conspicuous in the anterior
segments but gradually be:ome less so towax`d the posterior segments. The
transverse grooves between the consecutive seb: ments are deepest in the
middle; they gradually grow shallower laterally, and completely disappeared
in the marginal part. The g.. rooves which appear shortly after the clfferen-

f
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tlation of the third thoracic segments attain their highest deveiopment in
stage Th Z theitce retrogressing to disappear completely in stage Abd 2.
Accordingly, they remain rndimentary or missing in the posterior segments
from the beginning.
    At about the time when all the body seg. ments are differ6ntiated, the

ganglia, except those of the first maxilliped segment, bulge a great deal
in the dorso-laterai portion to form two swellings, one in front and one
in the rear (fig. 103). These swellings are first aRd best developed in the
second maxillipe5 segment but become more and more obsolete toward the
back, remaining almost rudimentary in the few segments of tlie posterior.
The ganglion of the f!rst maxilliped segment is undivided, though bulgei
in the lateral portion. Secretion of the nerve fibrils is clearly seen for the
first time in the anterior segments in stage Abd 4. Studies of serial sections

of the egg in this stage show that, thott.cr.h the fibril centres of the third

cand fourth thoracic ganglia are united Iaterally by transverse cornmis-
sures, they have scarcely any antero-posterior connection. It seems therefore
certain that the nerve cord is formed by the union of the segmentally
differentiating fibre centres, and that the transverse union precedes the'
longitudinal one. As iR the two maxillar segments, the transverse fibre
buRdles of the thoracic and abdominal ganglia are first composed of two
strands which later fuse to form one (fig. 104). In the completed condition,
each ganglion is provided with a pair of large central fibre masses, each
of whicli projects a limb nerve from the lateyal margin. As in the
cephalic region, the nerve fibres take a position dorsal to the celiular part
and are exposed to the serum space.
     Tlze Inter-ganglionic Celg Gi•oup and tlze 7th Abdonzinal Gangtion. IR
the early stages of the development of the ventral r}erve cord, the successive
ganglia viewed from the surface are ciistinctly separated by very lightly
staining transverse lines. Each ganglion is also divided into right and ieft
halves by a simi!ar longitudiRal line passing through the whole length of
the cord. These lines are nothing btit the vertical lnter-ganglionic spaces
filled only with cytoplasirt. In stage Th 7, in which the inter-segmental
grQoves of the velttrai wall are in the height of their clevelopment, one or
two special nuclei differentiate from those of tlae ordinary ganglionic cells

to occupy the colurnnar part forrned by the intersection of the longi-
tudinal ancl tranverse inter-ganglionic spaces fig. 60, i. .cr..c). These nuclei
are distinguished from others by being comparatively eloltgated. As develop-

ment proceeds; more of these nuclei are added by further specialization
of the gangiionic cells. They become spindle-shaped and mpre deeply and
uniformly dyed (fig. 61, i. g. c). In about stage Abd 4, the inter-ganglionic
cell groups expand laterally along the border surface of consecutive ganglia
as thin cellular plates, although their development in the posterior segments

iS retarded. The cellular plates reach the lateral intersegmental folds of
the body wall on both sides, and develop into double sheets pressecl tightly
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together, each sheet being connected with the wall of the iateral fold. By
the gradual delamination of these double sheets, which proceeds from the
lateral side toward the medialt, the ventra! half of the successive ganglia
become separated. Paraliel to this delamination, on the ventral surface of
the ganglia, the cytoplasm of several very fiattened nuclei, differentiated
frorn the gangiionic cell nuclei, constitute the epithelium which becomes
continuous with the latera! body wall as well as with the lining of the
intersegmental furrows. Thus the successive ganglia are connected•oniy
by the paired longitudinal fibre cords at the time of hatchiRg, the cellttlar
part being separated by these deep furrows (figs. 62-63).
     The inter-ganglionic cell groups also develop in the cephalic region-
between each of the ganglia from the mandible to the second maxillipedi,
in front of the mandibular gangiion, behind the deuterocerebrum as well
as between this and the protocerebrum <figs. 65, 104 & 105, ect. ing). As
stated before, the ganglia of the first and second maxiilipe5 segments are
first formed Qn the germinal disk, but they gradually move backwards
with the advance of the stage. At the same time, the external part of
the posterior member of these ganglia becomes shorter (fLg. 61, g. 'z"'nxP 2)

and, by passing the thoracico-abdominal flexure, it is translocated from the
cephalic region to the most basal part of the thoracico-abdominal proce3s
(figs. 103-105). Nand in hand with this change, the inter-ganglionic cell
group between the two maxi!liped segments develops into a cellular plate,
which later constitutes an intersegmental furrow in a manner simllar to
that de3cribed above. The furrow gradually extends dorsally and, making
a complete ring, it circumscribes the 'whole segment thus constricting the
second maxilliped segmeltt from the cephalon. The first maxi!liped segment
also becomes separated from the cephalon before the time of hatching•
This, however, is principal!y accomplished by the developmeRt of the
carapace fold and not by the dorsai extension of the intersegmental fold
which here remains rather rudimentary. The inter-ganglionic cell groups
canterior to these segments constitute the rudiment of the endophra.cr.mil

system.
    As statecl before, six of the abdofi'"1'nal segments are formed externaliy`

The gan.cr.lion of the ultimate segment, however, is composed of two masses
arranged one in front of the other, marked by a lightly staining transverse
line and by marginal notches on the surface. In section, an inter-gan.qlionic
cell group is found inserted betweeR thege masses, but it remains rudi-
mentary and never develops into an epithelial furrow as in the foregOin.q
intersegments (fig. 62). Each gaR.cr.iionic mass is provided with a pair of
fibril centers and a transverse cornmissure cornposed of two strands (figs•
62'63)• Thus it is evident that the ganglion of this segment consists of
the sixth and the seventh abdominal ganglia. These ganglia, whiCh
presumably unite during the post-embryonic development, remain distinct
till the time of hatching. This fact is in coinplete agreement with the
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presence of the mesoteloblastic descendants corresponding to the seventh
abdorrxinal segment (cf. p. 106f). These findings are very instructive from'
the phylogenical point of view. The presence of the seventh abdominal
segment in the rudirneRtary state appears to be a more primitive character
than that in the Decapoda and others, where no such ganglion is formed, and
reminds us of what is found in Mysidacea and Nebaliacea. Tlie formation
of the seventh abdominal ganglion in these last two orders, followed by its
subsequent fusion with the foregoing one, has been confirrned by MANToN
(1928 t34)                                                              '    '        '
    The inter-ganglionic cell group is, without doubt, homolOgous with
MANToN's (1928, '34) median "ectoderm intucl<ing", which was described
as taking part in the formation of the endophragmal system in Hemimysis
and NebaLia. KiNGsLEy (1889, in Crangon) and HERruci< (1892, in'AIPhezts)
also draw a figure of exactly the same structure in the inter-ganglionic
spaces of the abdomen, labelling it " mesoderm " or " muscle ".
    Some Rema?'les on the Neuroblast Layer. It has been repeatedly statecl
that in the earlier stages of development the central nervous system
consisi'Is of a superficial neuroblast layer and an inner mass of smaller

ganglionic cells derived from the former (figs. 50-52). The neuroblasts are
most conspicuous in the cephalic region, though they are found in the
thoracic and abdominal ganglia also (fig. 82, nb). REici{ENBAc}i (1886, in
Astacus) and IIERRici< (1892, in Alpheus> believe this nettroblast layer to be
a group of giant ganglionic cells already differentiated in the superfi-:ial

part of the ganglion, insteacl of being a proliferating layer. The forme"
author first foLmd the layer iR the brain of an Astactss in the stage with
maxMipeds, and holds that the giant ganglionic ce{ls, first seen in the most
peripheral part, later submerge into the deeper part to take up their final
positions. Nis figs. 114 and 115 drawn to support this statement are, in
ray opinion, only sketches of the neuroblast layer lining the anterior side
of the protecerebrum. As stated before, the laye'r in question covering the
anterior and median faces of each protocerebrum slightly extends to its
ventral surface, so that' a'transverse sectiQn through a regioii near the
anterior eRd of the brain shows the inwarcl bend, in exactly the same
manner as in REicHENBAcH's figure, of the layer along the median line. The
giant ganglionic cells are much fewer in number than the neuroblasts in
Sqttitla. They make their appearance, from the start, in the deeper part
of the brain, and there is no conclusive evidence of the downward migration
of the neuroblasts. On the other hand, successive stages of the trans-
formation of the smali ganglionic cel!s into tho giant cells may be found

- namely, the nuclei losing their former staining ability, the iRcrease of
the quantity of their l<aryoplasm as well as cytoplasm, and the cells finally
taking the definitive character of the giant cells. A remarkable difference
between the constitution of the neuroblasts and the giant cells is usual!y
observed. The former eierrients, having a rather homogeneous cytoplasm,



Sindies on the Enibryotogy of Sqttilla oraton'a de Haan 123

do not seem to have distinct boundaries either between themselves or
between them and the inner smaller ganglionic cells, while the granular
cytoplasm of the giaRt cells are very clearly separated from the syncytiai
protoplasm of the sma!Ier cells (fig. 71). Further, although the neuroblasts
are present in the earlier developmental stages of the thoracic and abdomiiial
ganglia, the giant cells never develop in these two regions of the central•
nervous system. RmcHENBAcH speaks of the superficial cell layer in the
following manner : "Es ist gewiss voR hohem lnteresse, dass in diesen frUhen
Stadien, wo die Organsystem kaum deutlich zu erkennen sind, eine so hoch-
gradi.ge laistologische DifferenzieruRg aus.q. ebildet, dass". . . die eigentlichen

GanglieRzellen von den UbrigeR Nervenelementen schon durch solche Eigen-
tttmlichl<eiten. sich unterschieden, die sich in den ' reifen Tier beibehalten"
(p. 65). According to the findings of ray research, however, the superficial
large celis are never highly dfferentiated, but they are merely undiffer-
entiated ganglionic mother-cells.
    TERAo (l929) describes, in his report of the clevelopment of the Panulirtfs,
that the maxillulae and the n{axiilae are derived fi'om a proliferating

zone situated on the surface of the germinal disk between the labrum
ancl the base of the thoracico-abdominal process. ffe catls thts zone "the
anterior buddiRg zone " in contrast to " the posterior buddiRg zone " wliich'
encircles the thoracico-abdominal process near its distal end and gives rise
to the maxillipeds and thoracic legs. (Needless to say, the "posterior budding
zone" is synonymous with tb.e "teloblastic row" of most authors.)
According to his statement, the " anterior budding zone " is represented by
7 or 8 transverse cell rows each composed of 4-6 large nuclei; "beneath
this area numerous small nuc!ei are found close to each other and to tke
rows just mentioned, and sometimes partly inserted between the large
nuclei" (p. 412). The superficial large nuclei are said to proliferate the
inner smaller cells which later constitute the maxillula aRd maxilla (TERAo's

fig. 2e). It seems rather extraordinary that the two named appendages are
dfferent in their origin from those of the succeeding segments, since all of
the postraandibular se.crments in all. Malacostraca, except Leander reported
by Sof.LAuD (i923), are generally believed te originate from the teloblasts.
In my opinioR, it is highiy probabte that TERAo's "anterior budding zpne"

represents the neuroblast layer of the ganglia of the two maxillar sements,
and the inner smaller cells which he takes for mesendoderm cells are gan-
glionic cells. In Panzflirus also, the segments in question seem to be
produced by the teloblasts as in other animals. To my regret, I have not
had access to .SoLi.AuD's paper.

         8 Ganglion eptieum, Compound and Mediait Eyes

    Ganglion OPticzsm andtke ComPound Eye. Theearly development up
to stage 7 of the optic lobe has been described in the fore.g.oing chapter.
The ganglion opticum of stage 7 is sharply differentiated from the proto-
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cerebrum and provided with a werl-developed neuroblast Iayer. The inner
true gangljonic cells are clivided into two groups, of which the proximal
one is a large mass situated in the immediate neighbourhood of the proto-
cerebrum, while the distal linguiform one extends latera!ly and is.covered
by the part which formg the retina (fig. 53). These gahglionic cell masse3
represent the third and fourth segments of the ganglion opticum. In the
retina part thg large, oval and lightly staining nuclei are in the course of
sinking.

    The ceiis sunk from the retiRa part form another layer of large nuclei
beneath this (fig. 54, nb 1-2). Differentiation of this layer of large nuclei

proceeds from the lateral margiR toward the median, but the two layers
remain in union with each other iR the most proximal part for a consider-
able length of time.. Wkh this delamination of the retina part, the
primordia of all parts of the compound eye are completed for the first time,
the uppe.r layer being the true retina layer and the lower one the neuroblast
Iayer of the first aRd second segments of the gan.cr.iion opticum. The neuro-
blast layer greatly enlarges with the active multiplication of the component

cells and; growing somewhat concave upward, becomes separated from
the retina layer by a narrow space (fig. 55). In the mean time the
celis of this }ayer more or less diminish in size and become differentiated
into true neurobiasts. They theii begiR to proliferate a number of small
ganglionic cells internally; these ce!ls are shiftetl either to the lateral or
to the median side, owing to the lack of space, to form two masses (fig.
56). Thus the ganglion opticum is graduaHy enlargecl by the addition of
elements from the new neuroblast layer, besides the multiplication of the

PreeX)iiSfitn"qneCrev2Shbrils are first made out in stage Th 6. Unlike the fibrilS Of

the cent.rat nerve cord, these are sttrrounded by ganglionic cells and extend
lengthwise, occupying the central part of the ganglion. The fibres are
already continuous proximally with the longitudinal bundle of the brain,
but dista!ly, they curve dowRward and end on the inner surface of the
ganglion opticum. There are two somewhat clilated parts or nodules, in
the nerve fibres, corresponding to the third and fourth segrnents of the
cellular parts which can no longer be discriirninatecl from each other, being
completely coalesced. The terminal part of the fibre bundle is also dilated
to form the second noclule. As this nodule is close to the neuroblast layer
mentioned above, there is no doubt that the former has been secretect by
the cells proliferated by the latter. '

     At about stage Th •7, t'he cells of the future retina begin to differ-
entiate into retina cells, growing smalier in size ancl richer in chromatin
net-work. The differentiation procee.ds from the lateral margin towards
the meclian; the retina part become3 many-layered at the same time. In
stage Abd 4 this part is completely separated from the neuroblast iayer,
even in the most proxima! part, and the whole retina is crowcled with



         Studies on the E'mbrNology of Sqt•silla oraf..ori'a de Haan 125

numerous cells arranged in several layers (fig. 56). The retina cells are
now characterized by elongated nuclei which stand vertical to the surface
and contaiR darkly staining granular karyoplasm. The neuroblast layer
beiteath the re#ina layer becomes more concave than before and its distal
part bends upwards.
    With this bending of the distal part and its subsequent contact with
the proximat part, the neuroblast layer is transforrned in stage Abd 5 into
a U-shaped fold which stands almost vertical to the surface of the optic
lobe (fig. 57). The outer wall of the U-shaped fold produces the elements
of the first segment oÅí the ganglion opticum distally (g. oP. Z), and the
inner wal! pro!iferates proximally those of the second segment (.a. oP. 2).
IR this stage the first segment forms a rather compact mass shaped like
an arrow-head, while the second is inseparably united with the third. The
nerve fibres are greatly thickened in three nodules, the first being net yet

secreted. Near the proxiinal portion of the retina layer there is a smaH
area where the nuclei are situated somewhat rnore deeply than in other
portions and show active mt'toses (fig. 57). In the distal portion, however,
several retina ceHs are already aggregated into a pillar-like group, thus
foreshadowing their differentiation into ommatidial components. At about
the time when all body segmeRts are formed, the pillar-like group begins
to secrete pigment in its most internal part (fig. 66). Like in the earlier
developmetital stage, the differentiation of the visual eiemekts as well as
the pigment secretion proceeds from the lateral sid< toward the median.

    Imrnediately after the stage described above, a part of the internal
surface of the ganglion opticum, wltich is just lieneath the U-shaped neuro-
blast layer, begins to rise and becomes separated from the yolk surface by
a narrow ho}low lumen. With this change, the first cTnd cecond segments
of the ganglion rotate in such a manner that their surfaces, which were
formerly internal, come in direct contact with each other (fig. 68). The
nerve fibres, having curved downward in the second segment, are con-
sequently straightelted iR stage L, Th 7, and the se:ond, third and fourth
nodules are arranged in a straight iine. The nodule of the first segment
is disk-shaped and composed of very short fibri{s; it is not yet connected
with the second nQdu!e. The U-shaped neuroblast layer, which is now
placed between the two distal segrnents of the ganglion, stM remains though

rather reduced. A large part of the same layer of the third and fourth
segments has also disappeared, remaining oRly in a very smail area. Pyior
te tlais and at about stage L, Th l, the ectoderm cells begin to submerge
aloRg the line just outside the lateral margin of the retina layer as a wedge-
shape5 ingrowth (fig. 66, ect. in.cr). This Ingrowth develops into an ecto-
derm fold thru$t into the sp3ce between the ganglion optictim and the yolk
surface. Next a similar ectoderm fold is formed along tb.e anterior and
posterior rnargins of the optic Iobe. With the gradual .extension of the
fold circumscribing the optic lobe and with the subsequent meeting of
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tke inner edges of the foldi on the middle line, the base of the optic•lobe
is screened from the yolk sac by a double sheet of ectoderm. The upper
Iayer of this sheet is the epithelium covering the lower surface og the optic
lobe, aRd its distal end is connected .with.the retina layer. The lower
layer is the continuation of the body epithelium. With the development
of the ectoderm fold, the marginal part of the retina layer curves downward
and extends as far as t.he lower surface of the first segment of the ganglion
opticum, completely coveriRg its lateral side (fig. 68).

    Just before hatching, the optic lobe is liberated from the cephalic
region as an eye-stalk by.the delamination of the dou.ble sheet of the
ectoderrn (fig. 68). A greater paz't of the ganglion opticum is differentiated

from a thin hypodermis which continues distal!y to the retina layer. The
first and second nodules of the nerve fibres are connected. The neuroblasts
have completely disappeared, and giant ganglionic cells are present as in
the cerebrum. At the time of hatching the. eye-stalk stands erect on the
cephalon and is surmounted by a corona of the omm3tidia layer in which
ali components are thorough{y dfferentiated (fig. 10). It is provided with
muscle fibres and blood vessels in the basal part. The former is derived
from a part of the cephalic rnesoderm included within the eye-stalk. The
origin of the blood vessels was. not studied.

    There are two different views as regards the mode of developrnent of
the crttstacean eyes. PNmc}iENBAcH (1886, in Astacus) and KiNGsLEy (1887a,
in Crangon) state that the early development of the eye is due to the
formation of a vesic!e from an ectoderm invagination. The outer wall of the
                                                               tvesicle with the overlying hypodermis is differentiated into ommatidia and
the inner wall joins the ganglion opticum. On the other hand, PARKER
(1880, in ffomarus>, ffERRici< (1892, in AIPIÅëeus), MoRoFF (1912a, in Palaemon

ancl Artemia> and others, maintain that the ommatidia are formed by a
mere thickening of the hypodermis. As pointed out by these authors, the
notion that the eye vesic!e takes part in the formation of the visual elemen'ts
is evidently erroneous. In fact KiNGsLEy (1889) discarded lais former opinion
in his third papez' aiid took the view that the invagination concerns only
the ganglion formation.
    rt is rather problematical whether the ectoclerm'of the optic lebe is
actually invaginated. HF.RRici< (1892) emphasizes the absence of any
iRvagination in the eariy developmental stages of the eye of Crangon, in spite
of KiNGsi.F.y's assertion of its presence. REic}!ENBAc}i (1886) gives ftgures
(figs. 5, 6, etc.) showing the first stage of the alleged " optic invagination;'

but he does not give any c!ear figure of the. stages to demonstrate satisfac-
torily the traRsformation of the invagination into the optic vesicle. His
fig. 173, etc. show that the optic vesicle is composed of a U-shaped layer
of Iarge nuciei and tvvo masses of much smaller unclei situated reg.pectively
outside aizd inside the former. There is no doubt that his "optic vesicle"
is nothing but the first and second segrneRts of the ganglion opticum, and

                                  '
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tl,.e U-shapecl layer is the neuroblast layer of these segments. As mentioned
above, in Squilla this neuroblast layey' arises frDm the folcl of the
layer which first stretches horizontaliy. The horizontal layer, in turn, is
derived from the sinking of the cells from the retina Iayer and not from
invagination. It is rather probable that REicHENBAc}i's "optic iRvagination"
is clue to an artefact aticl that the optic vesicle is formed in a way
similar to that ilt Sqttiela. The present study verifie$ the views of PARKER
and others !y showing that the visual elemeRts develop from a simple
thickening of the hypodermis.
    As for the origin of the ganglion opticum, BuLLAR (1879, in Cymothoa)
NussBAuM (188Z in MNsis), PAR.KER (1891, in llomarus) and HERRIci< (1892,
in AIPIzeus) agree that it develops from the hypodermis laterai to the brain
and independent of the latter. MoRoFE <1912a), on the other hand, Sit his
report of the development of the eye of Artemia and Palaemon, states that
the ganglion originates from the lateral outgrowth of the brain. Reviewing
various previous investigations on this subject, he further comes to the
conclusion that the optic ganglion of all crustanceans is derived from the
brain. Nis fig. 1 (pl. 29), intended to demonstrate the invasion of the
outgrowth from the brain into the space beneath the retina layer, however,
does not appear to substantiate his view. His figure does not seem to
represent the first step of the formation of the ganglion butthe state after
its differentiation from the retina layer. This may be obvious if one compares
his figure with my fig. 54. The rudiment of the ganglion opticum and
that of the protocerebrum in Squitla are independent from the beginning,
as the former is differentiated from the ectoderm lateral te the latter.
Therefore, as far as Palaemon is concerned, MoRoFF's belief appears to be
founded on his observation of the state of the ganglion already differen-
tiated from the .retina part and not of any earlier stages.
    As stated before, the first and second segments of the ganglion opticum
of SqtfiLla are derived from the retina part, while the third and fourth are
formed from the region between this and the protocerebrum. At firs't si.g. ht
this fact brings to mind the two-fold origiR of the ganglion in Phyllopoda
as recorded by CLAus (1886). In this case, however,.the gang!ion is said
to be derived partly frorn the brain and partly from the reti.na layer. .The
two-fold origin in Sq•uilla is rqerely superficiai. When the neuroblast layer
of the first and second segments is formed, the retiRa layer externa{ te that

is composed of undlfferentiate'J cells instead of differelttiated ones. The
process of the formation therefore consists simply in a premature separa-
tion of the ganglion from the hypoderrnis; it does not necessarily show a
derivation from the retina part, because this part is a thickening of the
hypddermis, and the specialization of retina cells belongs to a future eveitt.
The first and second segments do not differ from the third and fourth in
their origin. The seemtng difference is etttirely due to the. fact.that the
retina part develops from the hypodermis in the same part as that which
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produces the first two segments of the ganglion optictim.
     BERNARD (1937) appears to have recently expressed his belief in the
hypodermal origin of the nervous centre of the compound eye. Unfor-
tunately I have beell unable to see a copy of his paper. On the other hand,
Sci-iATz (1929, ilt Gammarus) and I'EABoDy (1939, in ldothea> maintain the
cerebral origin of the compound eye in the Edriophthalma. It is highly
probable that the ganglion opticum cle'velops independently of the cerebrum
at least in the Poclophthalma.

     Ommatidieem ComPonents. At about the time wheR all the body-
segments are differeRtiated, the retina cells get together to form a nurnber
of columnar' groups, the process beginning frorn the lateral margin of the
retina layer (fig. 68). All the cells composing each of the columnar groups

become all the components of one ommatidium. Although the histogeneses
of the ommatidiurn was not studi.ed thoroughly, the following statements
may not be amiss (fig. 69).

     The secretion of pigments bofore the formation of the rhabdome
occtirs at the sacrifice of the chromatin substance in the Ruclei found in
the basal part of the celltilar column. The rhabdome is formed by seven
cells, the crystalline coRe (c. c) by four cells (cc. c), while the corneagen
cells are two (cg). The number of the proximal retina cells (P. r. c), which
surrottnd the basar portion of the crystalline cone at the time of hatching,
is uRknown. A few retina cells are aiso found in the most peripheral part
of the compound eye. The chitinous membrane (ed> covering the surface
of the ommatidial iayer and continuous to the epidermis of the eye stail<
is not yet sectioned into lens thickenings. At the ievel of the border between
the crystalline cone and the rhabdome, the ommatidial rayer is crosseaf
by a protoplasmic membrane which, however, does not interrupt the direct
coRnection of the two structures (fig. 70). A similar membrane also lines
the lower stirÅíace of the ommatidial layer and the upper surface of the
first segment of the ganglion opticurr} (fig. 70). The narrow space enclosed
by these two surfaces is scattered with numerous flattene5 nuclei derived.
from either retina ceils or ganglionic cells (figs. 68-70). The central part

of this Iumeq is somewhat enlarged and packed with a few large accessory
pigment cells (a. Pg. c>. The abundant cytopiasm of these•cells have many
pigment stripes which are continuous from the retinal pigment to the
surface of the ganglion. The nuclei are large and scanty in chromatin
exdept for the central small chromatin spherule. These cells are derived
from the retina layer. At the time when the ectoderm ingrowth begins
to develop on the inargin of the optic lobe, the retina cell complex liberates
a few ceils from the basal part of its lateral margin (fig. 66, a. Pg. c).
These cells, attached to the iower surface of the ommatidial !ayer, grow
rich in cytoplasm and se:rete pigment granules. With the involution of
the ommatidial layer, they become enclosed within the space named above
and are differentiated into accessory pigment cells.
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    Median Eye. In stage Abd 5 the pretocerebrum is already separated
from the hypodermis. Atthe anterior end of this portion of the cerebrum,
several ceils liberated from the hypodetimis are thrust more or less deeply
ihto the narrow space between the right and left protocerebra. Of these
cells two are situated rnost deeply and in close jrkxtaposition to form a

flask-shape3 group which has a distinct cytoplasmic boundary (fig. 5g,
Pg. c). They are the pigment cells ofthe medianeye. Shortlyafterwards
and simultaneously with the pigment formation in the compound eye,
pigment granules begin to appear in the cytoplasm of these cells. The
retina cells derived from other sunkeR cells form a thick one-celled layer
which encircles the pigment cell group (fig. 58, r. c). The retina cells have
distinct borders and are more or less quadrangular in shape. The medlan
eye which is now ve3icular is situated below the hypodermis somewhat
apart from it. Until the end of embryonic life, the eye does not make
inuch progress in its development except for a small increase in the number
of retina.cells and its slight approach to the hypodermis. Neither lens
formation nor nervous connection with the brain takes place. Thedivision
of the retina cells into three groups, reported by HANsTR6M C193i) and
others, is not clearly indicated. At the time of katching, the median eye
is seen from the surface as a pair of rectangular pigment spots placed side

by side. , '
9 Other Ectoderm Derivatives

    Dorsa; Organ, EpideTinis and E-mbryonic Exttviae. The dorsal organ
makes its appearance first in the micl-ciorsal region antipodal to the stomo-

daeum in stage Th 5 or 6 (figs. 95-97, d. o), and attains the height of its
activity ifi about stage Th 8. ' It is a circular area of ectoderm crowde'j'
with nuclei. In this area the ectoderm cells submerge below the surface,
disclosiRg vigorous clegenerative changes with the liberation of chromiclia (fig.
73). Apparently in close relation to these changes, the surface of the yolk

beReath this region is very depressed and shows rnany yolk spherules being
discharged to the outside, probably indicating a digsolution of the yolk'. The
endoderinal yolk cells come together, some of them appareptty disinte.crrating.

The dorsal orgaR degenerates by stage Abd 4 and the depression of the
yolk surface clisappears.

    By the time the dorsal orgau is forme"J, the ectoderm covering the
body kas secreted a very delicate chitinous epidermis on its external
surface. The epidermis oÅí this region becomes cletached from the surface
of the body as soon as the dorsal organ comniences its activity. The detach-
ment of the epidermis exte'ids throttghout the whole surface of the cephalon

in a short time and finally to the thoracico-sboomina{ process. The
whole process, representing the embryonic moulting, ends by stage Th 8•
The exuvlae surround the cephalic region as a round sac lying slightly apart
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from the surface,. ancl show a proj'ection which is .folded over the main
sac in conformity to the shcftpe of the thoracico-abdomiRal process. The
exuviae are also cast off from the inner surfaces of the stomoclaeum and the
proctodaeum. After the moult, the ectoderm resurnes the secretion of the
chitinous epidermis whlch becomes so thicl< by the time of hatching that
the embryo can not be staineci in toto. The second moult does not occur
during the embryonic life.

    2?ostram At about stage Abd i, the ectoderm ceUs coi?stituting the
roof of the wide serum space ln front of the protocerebrum, get together
to form a tran$verse band. This band is composecl of several rows of
rather thicl< cells and connects the antero-lateral margin of the optic
lobes, enclosing a•triangular carea devoid of nuclei. By stage Abd 4,
the ectoderm band greatly increases in cell nuraber, thereby extencling
posteriorly to the anterior margin of the protocerebrum. The central part
of the band is now crewded with extremely etongated cells. In section, these
cells are atten.uated clistally so as to converge into a poiRt, and form a
more or iess conical grotip of cells iRclined anterioriy. These cells, havin.g

nuclei in' their basal parts, are traversed by many fibrous striations
concentrated towarcl the tip of the cell group. This cell group represents the
first rudiment of the rostral spine. When it enlarges, the ectoclerm behind
it becomes depressed, thus reducing the underlying serum space (fig. 67).
The posterior wall of the depression is ciosely applied to the nearly vertical
frontal surface oS the protocerebrurit, white the anterior wall slopes gently
contintting gradually to the general body surface. The rostral spine (r. s)
is now laid nearly flat over the latter wall, its distal end being directed
anteriorly. The spine then greatlybulges inits basal part, but elongates
at the same time, its fibrotis distal part turning posteriorly. Since the cavity
is covered by the embryonic exuviae from above, the growing spine is forced
to bend to some degree. The spine, posteriorly directeci at f'irst, is forced

to curve clownward clue to the presence of the posterior wall of the cavity,
then it agailt turns anteriorly along the bottom of the cavity ('fig. 105, r. s).

In the stage just before hatching, the curve.rl filiform part of the rostrum
is entireiy constructed of a chitinous substance converted from tlre afore-
said fibyous structures, without having either nuclei or a protoplasmic
matrix. The very thicl< basal part of the rostrum, however, is provicled
with an abundance of protoplasm which is crowded with. nuclei and has
numerous fibrils continuing to the distal chitinous part. With hatclaing,
the curvecl spine extends anter{orly in the same mtmner as in the larva.
     CctraPace. The carapace is merely a fold of the ectoderm. At about
stage Th 7, a semicircular transverse band composed of three or four rows
of cells mal<eg. its appearance at the proximal end of the dorsal surface of
the theracico-abclominal process. In this band the epithelium is much thicl<er

than in the neighbouring region and has large oval nuclei. With the
displacement of the nuclei of (morphologically) the posterior rows to positions
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beneath those of the aRÅíerior rows, the ectoderm band develops igto an
epithelial fold. This fold grows more prom{nent with development and
becomes composed of two layers attache.a close together. At about stage
Abd 6, a hollow cavity appears between the two iayers by their delamination
(fig. 100, c. f'.>. The cavity is trave.rsed by a number of plasmic fibres
connecting the inner surfaces of both Iayers, thus generating a complicate[1
lacunae system. The ahove is the state of the posterior part oS the
carapace fold in this stage.
     The anterior part of the carapace fold, which exteRds from the lateral

end of the posterior carapace fold to nearly the level of the stomodaeum,
is formed by a somewhat different process. At about stage Abd 6, the
serum space lateral to the ventral nerve cotd is traversea by a number
of parallel fibres running in the vertical direction which terminate on the
inner surface of ectoderm cel!s at both ends. Gradual contraction of these
fibres causes the ventral surface of the cephalon to form a pair of ridges
which run antero-posteriorly on both sides of the nerve cord.
    Further development of the carapace fold consists in the expansion of
its posterior part in the form of a pair of large lateral lobes, while the
anterior part, remaining as a ridge of the body watl, does not make much
progress. With the forward di.splacement of the tine of attachment of the
posterior part, the flrst maxi!liped segment becomes independent from the
cephalic region, at least on the dorsal and lat'era! sides, by the close of
embryonic life (cf. p. 45). At the tiine of hatching the carapace fold is
separated into two more or less triangular, acuminate, lateral lobes, by a
deep, median, posterior incision (fig. Ie, c. f>. The lacunae of the fold
communicate with the general body cavity and are invaded by blood
corpuscles.

                       19 Digestive System

    Stemo4. aeiem and tJte Yisceral Gan.crlion. The stomodaeum of stage 6
has its wal{ composed of tal! cylindricat cells arranged aroutid an ova!
lumen. The hypostome is depressed iR a median longitudinal groove owing
to the protrusion of the Iabrum. The labrum attains, in the next stage,
the level of the posterior margin of the aRtenna. With the posterior elonga-
ti.on of the labrum, the external portioR of the stomodaeum beRds back-
ward nearly horizontally, while the internal portion stands e.rect over the
yoll< sac; the whole organ is L-shaped (figs. 40 & 64). The cavity of the
vertical portion remains oval, while that of the horizontal portion is now

reduced toaslit-like iumen. '
    The labrLim reaches midway between the antenna and the rnandible
in stage Th 7. The stomodaeum is further converted into a V-shape by
the turning bacl< of the internal portion. The anterior wall of the stomo-
daeum is somewhat tliicl<ened at the inflexecl point of the V, where the
nuclei are irregularly arran.cred. In stage Abd 3 the wall o'f the stomodaeum
is cornposed of a iayer of very tail cells with elongated nuclei, except in
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the part mentioned just-above. In this thickene[1 part tltere aTe a ntnnber
of small roultd unclei outside the layer of elongated nuclei. These small
nuclei subsequently form the visceral ganglion which beiongs to the
sympathetic nerve. WhRe the ganglion is still united to the wall of the
stomodaeum in the form of a protuberance of the latter in the following stage,
a sma{1 mass of neuroglia fibrils mRkes its appearance in the midst of the
group of round nuclei (fig. 64; g. v:'s). The gangiion be:omes entirely
independent of the stomodaeum as a. round cell mass enclosed by a peri-
stomodaea{ mesederm, at about stage L, Th 1 (figs. 65 & 104).
    With the separation of tF.e visceral ganglion from the stornodaeum,
the anterior wall of the latter regains its original state of one-celled layer
with elongated fiiiform nuclei. The posterior wall, olt the other hand,
.grows many-layered by the muitiplication of the component cells, and bulges
out towards the anterior into the stomodaeal cavity (fig. 65). In sections,

the cavity of the internal portion of the stomodaetim is U-shaped with the
arms of the U directed backward, while that of the external portion remains
a horizontal slit, aithough it is much wider than before.

     At about this time, the paired mesodermai bands, connecting the peri-
stomodaeal mesoderm with the rostral base, become fibrotts. The fibres
are divergent in their posterior ends end attached t.o the cftnterior wa!1 of
the stomodaeuin at various points (figs. 65 & 105, m). The gradual contraction
o'f the fibres drags the stomodaeum forward, so that the latter changes
its external form as well as the shape of its cttvity consiclerably. The
externa! portion of the stomodaeum now extends straight in the antero-
interna! direction and its wati has become rather thin. The internal portion
on the other hand, almost comes in contact with the yolk sac throughout
its whole length. It remains very thick and'is curved into an S-sltape
wi'th subsequent development (fig. I04). The two portions thus differeRtiated
become the cesophagus anc{ the cracliac portion of the stomach respectively.
The iatter gets its communication with the mid-gut or the pyloric portion
at about stage IL, Th 5.

     'l'hese portions of the digestive system are constructed in the following
manner at the time of hatching (ftgs. 56 & 107). The oral aperture, which
is bounded in front by a semicirctilar labrum and in behind by a bilobed
hypostome, leads to the short, straight aRd antero-internally extending
cesophagus (fig. 65, oe>. The latter is composed of one layer of fiattened
cells ancl contains a horizonta! slit-like ' lumen which grows graclually nar-
rower toyvard the internal etid. The Iumen of the stoinach is compressecl
laterally, opening to the cegophagus by a vertical slit extending practiccftlly

throughout its lellgth. Accorclingly, the lumen of the cesophagus and that
of the cardi.ac stomach together form a T. The main part ef the cardiac
stemach is ctirved in an S-form (fig'. 65, card) and has a very thick wall

 crowded with filiform nuc!ei ; the cross section of the internal cavity is Y-
shaped.

ff
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     The visceral gapglion does not develop much from the state described
above. It is attached as a round body to the ventral (formerly anterior)

 wall of the oesophagus nearits internal end (fig. 65, g. vis>. The ganglion
remains completely isolated from the ventral nerve cord, though very
simiEar in cellular constitution. The'nerve fibre mass is surrouRded by

                         ' ganglioni.c cells and does not send any strand to any structure. The gaRg-
lion is now invested with a protoplasmic membrane which it secretes ; the
peristomodaeal mesoderm has been withdrawn from the surface.

     The development of tlae sympathetic ganglion in Crustacea has never
 been studied. Its developmeht in Squilla is iR exact accord with what
" was observed by HEyMoNs (1901) in ScotoPendra. As in the'"gaRglion
 frontale" of Sco!oPendra, the ganglion of Squitta develops from tke wall of
 the stomodaeum. But, whereas this ganglion fuses with the posterior exxd
 of the cerebrum after it is separated from the stomodaeum in ScotoPendra,
 in Sqz•tilla it rernains distiRct frorn the cerebrum eveR in the larval sta.ge
 and develops into a somewhat complicated system. It is said that in
 Sctetige7'a the "ganglion frontale" remains independeRt of the cerebrum•
     Pxoctodaez{m. The early development of the pr'octodaeum as well
 as the displacement of the anus to the ventral side have aiready been
mentioned.

     At the time of the formation of the maxillar segment, the proctodaeum
 comes in contact with the endodermal mid-intestine <fig. 42). The former
 is merely a blind sac rounded at its end and contains no cavity except in
 the part close to the aRus which is a longitudinal slit-like aperture•
Although the round end of the proctodaeum is set close to the posterior
end of the mid-intestine, the two portions are clearly distinguishable from
each other by the absence of a cavity in the former (fig. 40). Besicles,

 they are elttirely differeiit in bellular constitution. The constitueit ceils

of the ectodermal portion possess igeyg cle.ir cytopiasm eiclo3ing a nucleus
scanty in chromatin, while those of the endodermal portion are characterized

 by granular cytoplasm and darkly staining nuclei.
     At about stage Th 4, a cavity appears throughout whole length of
 the proctodaeum, but it does not communicate with the mid-intestincal lumen
yet, being screenetl by .i protoplasmic membrane. . The anus is displaced
to the base of the median Åíurrow between the caudal furca, and opens as

 a wide aperture. Communication between the proctodaeal and intestinal
 cavities opens at about stage Th 7 with the confiuence of the wa!ls of the
 twO portions, though the differences in their celiular constitutions remaiti
unchangea. In contrast to the remarkable elongation of the endoderinal
p3rt, the proctodaeum does not mal<e much developmeRt and is ljmlted to
a small terrninal portion of, the intestine, the rectum, wkich is slightly
dilated in this stage <fig. 78>. As the wall grows thicker the rectttm curves

downward in a right angle. This displaces the anus to the ventral side
which narrows in the mewatime. The boundary between tb.e rectum and
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the endodermal intestine becomes inapparent with development (figs. 88,
89 & 105>. From this stage on until the time of hatching, the rectum dees
not undergo much change.
    Mid-gut, lntestine and Liver Lobes. The early development of the
endoderm plate ancl that of the intestine have been described. In spite of
the active multiplication of component cells the growth of the mid-intestine
does not match the rapid elongation of the thoracico-abdominal process.
This inconformity in the relative growth stretclies the rrxid-intestine mal<ing

it thin. The inner cavity is reduced and thecells composing the wall are
elongated (fig. 61). Thus, in stage 8, the intestinal cavity becomes so
narrow that it is practically obliterated except in the proxim]l portion (figs.

79-84). The wall, however, is rather thick and composed of one-l4yered
   scells, fan-shaped in section. The cytoplasm of these cells is somewhat
clearer than before, while the nuclei, retaining their former condition,
possess darkly staining l<aryoplasm w{th granu!ar chromatin substances.

    The endoderm plate lying over the yolk surface is gradualiy enlargecl
by the division of the constituent cells as well as by the addition of yoll<
                ttcells to the per2phery of the plate. As the enlargement occurs principaily
in the transverse clirection and not much in the longitudinal, the width of
the plate be:emes four or ftve times the Iength at about the time when all
the body segmekts are forme5. Even then the plate only covers a small
part of the posterQ-ventral side of the yoll< sac. The plate represents the
posterior rudiment of the mid-gut epithelium, and may be terrned the
" posterior endoclerm plate" (figs. 92-94 & 100) to distinguish it from the
``  anterior endoderm plate " which develops beneath the stomodaeum to be
described below.
    Beneath the posterior endoderm plate, there is a rather wide space in
the yoll< sac deprived of yoll< biocks and filled with a fiuid substance.
This fiuid is nothing but the liquefied yoll< and dyes blue with MAi.LopNy's
stain; it appears finely granular, a stril<ing contrast to the yellow ancl
rather homogeneous yolk blocks of the circumferences (fig. 100, s,. g>. The
blue granules are also found within the intestinaHumen. The nuclei of
the endoderm plate are very iryegular in shape, often with pseudepodia-
like processes. 'This observation seems to indicate that the mid-gut epithe-
lium actively dissolves the yoll< subsinnce. Moreover, the bltte substaltce
is found in the intra-cellular vacuole of the epithelial cells and even in the
cells of the intestinal wail. This again appears to point to the assimilation
of tlae yoll< substance actuated by tlae endoderrn plate.

    As soon as all body segments are differentiatecl externally, the mid-
gttt epithelitnn is somewat thicl<ened in two small areas forming a pair,
with one on either side of, and very slightly dorsal to, the base of the
intestine. .In these areas the cells are more crowdecl than in other parts and
much talier, having elongated nuclei. These thickeRings which represent
the rudiments of the posterior liver Iobes are raised from the mid-gut
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surface, developing, in a little vvhiie, into a pair of hollow blind tubes inciined

semewhat interually towards the intestine. Thege tubes enter the cavity
of thoracico-abdominal process, where they gradttaily make their way back-
ward along either side of the intestine. They reach in the middie of the
telson in the stage just before hatching (figs. 100 & 105). The llver iobes,
which end blindly, show much longer and wider cavities than the intestine.

They have rather thick wall composed of a layer of cubic epithelial ceHs
(figs. 85 & 91, Pos. Iiv). Clesely associated with the intestine, the lobes
occupy greater part of the cavities of the trunl< segment's. Since the
intestine starts from the mid-gut slightly more ventral!y than tr.e liver Iobes,

it is inserted between the ventro-internal sides of the lobes in the anterior
segments. In the posterior segments, however, the intestine .g.radually'
comes higher in position and comes to lie between the dorso-internal sides

bf the liver lobes. The liver lobes develop no branch or outgrowth and
remain as a simp!e:elongated blind tube uRtil the time of hatching. Their

cavities contain a Iarge amount of liquefted yolk which is also fpund within
the intra-cellular lumen of the cells constituting the wail (fig. 85, y. g).
The$e liver !obes may be called the "posterior liver lobes" in contrast to
the "anterior liver !obes" which develop from the anterior endoderm
plate.

    At about stage Th 8, the yoll< cells scattered over the •yolk surface
gradually concektrate around the base of the stomodaeum. They are re-
arranged and transfonned into the epithelium which is the rudiment of the
anterior endoderm plate (ftgs. 64, 103 & 104, ant. end). At first the piate
occupies only a small area extending laterally for a short distance from the
stomodaea! base. The plate is soon enlarged in the antero-lateral direction
to become V-shape.a at about stage Abd 4 (fig. 52). It is very broadenecl
and biiobed in front, extending from the stomodaeal base to the posterior
margiii of the optic Iobe. By sta.cr.e L, Abd 6, t'ne bi!obea plate is
transformed into a triangle which reaches as far as the anterior end of
the rostral base (f!gs. 65 & 105>. In breadth, however, it goes only beyond
the !ateral margin of the brain even in the widest anterior region (figs.
71 & 106). The anterior endoderm plate is thus a definite contrast to the
posterior plate which is much wider than it is lon.q. Like the latter plate,
the Åíormer develops by the constant addition of yolk cells as well as by
the multiplication of the already differentiated cells (fig. 71). There is a
difference, however, between the two in that the anterior plate !s entirely
constrttcted by the concentration of yoll< cells, ancl lacks the compact lgernel
of encloderm cells.

    Just before the time of hatching-namely, when the posterior liver
lobes reach the te:son cavity-the anterior endoderm plate becomes grooved
along the median longitudinal Iine throughout its whole lengtlrx (fig. 72).
The groove is cleepest at about the anterior end of the cerebrum ; it grows
gradualiy shLallower towards both ends, ancl divides the antero-ventral

'
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side of the yoll< sac rather incompletely intoa right ancl aieft lobe. These
lobes are the rudirnents of the anterior liver lobes or, more precisely, the
mid-gut diverticula (fig. 72, ant. end). The endoderm plate, which is now
v-shaped in traRsverse section, covers a stnal! area of the liver Iobes, and
f.' Z[llfi ,thh:.9gP.it.h,91i,ilhl.i?.i"hl..gOi the latter' The liver lobes do net undergo

     The mid-gut proper, derived from the yoll< sac, remains incomplete
till the close of embryonic life. The whole yolk is brokeR up into small
biocl<s without any regularity in size or arrangement in earlier stages (figs.

101 & le21). At about the stage iR which the dorsal organ is forrned, the
yollc is divided into more or Iess pyramidal blocl<s arranged nearly radially.

' OwiRg to the brittleness of the yoll<, the development of these pyramids
was not sufficiently ciear. Nevertheless, there is no doubt that they
repre:•".bent the secondary yolk pyramicls present in many other crustaceans.
The yolk pyrarnids (fig. 105, s. y. P) can be most clistiiictively observe[l in

the stage shortly before hatching. Although each pyramid is provided
with a nucleus close to the external surface, the cytoplasm is seen only in
the immediate circumference of the nucleus. 1 dicl not succeed in ascer-
taining whether the cytoplasm covers the externa! ancl lateral sides of the
pyramid or whether it is limited to the periphery of the nucleus. Toward
the internal encl, the yoll< pyramid be•:omes gradually indistinguishable from
the liquefied yolk substance occupying the central part of the yoll< sac.

     At the close of the embryonic life, only the antero-ventral and posterior
sides of the yolk sac are covered by the endoderm epithelium; the other
sides remain uncovered and scattered with a rather few residual yoll<
cells (fig. 105). The two endoderm plates are close to each other oR th•e
middle line, though they remain distinct. The yolk cells are muck fewer
than when they are fiz`st dispersed over the yolk surface. This is due to
the fact that some of the yolk cells join the endoderm plate and some
degenerate ,under the clorsal organ, wlien no multiplicatio.n takes place after

their first dispersion. Owing to the conversion of the yoll< into a body
fiuid, the yoll< sac shrinks to a certain extent by the ti.me of hatching.
The yoll< sac is nothinLcr. bLit the pyloric part of the aduk stomach.

     The mid-gut develops a pair of shallow vertical grooves at the level of
the mandible at abottt the time tlie anterior liver lobes become distingtiish-
ab!e. These grooves constrict the mid-gtit and produce inconspicuos
round swellings toward the posterior direction which seem to represent
the lateral pair of niid-.cr.ut coeca. The mid-gut muscles which have been
developed from the mandibular mesoderm are attachecl to the surface of
the yolk sac along those grooves. Thus, the grooves apparently owe their
erig in to the tension of these muscles. The lateral pair of ceeca are coverecl

only by the endoderm plate on their posterior side.
     It is rather interesting from the standpoint of comparative embryology
that three pairs of mid-gut coeca are forme[1 in squilla as in Decapoda,
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though two of them remain in a very rudimentary.condition until hatching.
The completion of these cceca seems to be delayed to the larvai stage.
GiEsBREcHT's figures of his "propelagisches Stadium" in Sqzfilla mantis
(1910, Taf. 9, Fig.'1, 2 u. 6) as well as BRooKs' drawings of the same in
Gonodacty}us chk'agra (1892, pl. 14, fig. 16;pl. 15, fig. 9) show the bilobed
anterior part of the yoll< sac aR(l a pair of short postero-lateral processes.
According to these figures, it is clear that these two pairs of annexes of
the yolk sac develop more with the advance of the larval stage. There
is no doubt that they represent the anterior and laterar mid-gut ceeca.
These cceca seem to be absorbed again in a later stage by the mid-gut, as
found in Decapoda, since the adult mid-gut is not provided with such
structures. Unlike this order in which the posterior iiver lobe is divided into
several lobules, it remains as a simple elongated tube extending as far back
as the telson.' The copstitution of the lobe is in exact accorcl wlth that
found in IVebalia <MANToN, 1934). There are differences such as the
subsequent disappearance of the anterior liver iobes and the absenee of the

posterior mid-gut ceeca in Squilla, however, as both of the structures persist
in the adult A]7ebalia. GiEsBREc}i'r (1913) ciassifies the crustacean.mid-gut

cceca into several categories and states that Stomatopoda have cceca
anteriora dorsalia instead of the ventralia of Nebaliacea. As rnay be evident
from the description given above, the coeca dorsalia of Sq"illa are eftti'rely
identical in formation to the cceca ventraiia of Nebalia (cf. MAN'roN, 1934)•

These two differently termed ceeca are, without doubt, homologous to each
other, however divergent they may be in the aduit state.
    Earlier authors (J. MOLi.ER, 1830; DuvERNoy, 1836; Mif.NE-EDwARDs,
                                   21859, etc.) have alleged that the liver Iobes of. the adult Sqttilla are derivecl

from the segmentally arranged diverticula of the intestine, which are con-
nected to it by a series of apertureg along its whole leitgth. ORLANDi (1900
correctel this erroneous iclea to a Iarge extent, arguin.g that the liver lobes

open into a pair of longitudinal ducts which .are united before entering the
dorsal part of the pyloric stomach. WooDLAND (1913), however, believes
that the lobes open directly to the pylorus by separate apertures. The present
study substantiates WooDLAND's view in so far as it has demoRstratecl that
the posterior liver lobes develop separately forming a pair.

           11 Mesederm Derivatives of Trunk Segments

    As for the development of the mesoderm in the trunl< segments, only
the first four abdominal segments will be mentioned hereln. The other
seg.ments appear much the same, except for the absence of the limb meso-
derm only. The differentiation'of the mesoderm proceeds backward from
the front. k l}as been stated before that the mesoderm of the trunk
consists of dorsal and ventral bands, each forming a pair (fig. 81), and a!so

that each band is divided into segmentai masses er mesodermai somites
(fig. 78). These conclitioiis are mereiy•tr.ansitory, a$ more or less clo3er
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relations are soon formed both between paesoderm bancls and between
consecutive somites.
    Early in the proliferation of ce!ls from the tel-oblast which follows the
establishment of the maxilla segment, the vektro-internal corner of the
dorsal mesoderm in the basal part of the thoracico-abdomi.nal process
thrttsts out a few celis on to the intestinal wali (fig. 79>. A similar pheno-

menon is also presented by the ventral mesoderm at about the time when
the thirci thoracic segment is formed (fig. 80). The thrusting of cells,
however, is more pronounced in the dorsal mesoderm than in the ventral one,
the former sending out rnany' cells one after another. With the expansion
of the cavity of the thoracico-abdorr]inal process, these cells are greatly
drawn out and grow into cellular strands connecting the intestinal walt
with the ventro-internal corner of the dorsal mesoderm on both sides (fig.
82). These strands then, extending all over it, completely encircle the
intestirie. The celluiar strands an'd intestinai coverings are formed
segmentally from the front bacl<wards. The segmental arrangement is clearly
noticeable especially in the first and second maxilliped segments. Since in
these segments the bands of the dorsal mesoderm are wjdely separated
from each other and extend nearly laterally, two independent cellular strands
which• are muck thicker than in other segmeRts may be distinguished in .a
favourable section cut ln a somewhat obliquely transverse direction. Before

the formation of the segmental strands is completed in the ultimate segment,
they fuse sticcessively into a continuous rnembrane beginning from the
most anterior segment backward. Thus, at the tirne when all body segmeRts
are differentiated, the trunk is traversed throughout its whole len.gth by
a pair of thin cellular membranes connecting the dorsal mesoderm and
the intestinal wall. The intestinal covering is also continuous in this stage.
For convenience' sake, the former membrane will be termed "suspendin.cr..
mesoderm" (fig. 82 s. mes. and thelatter "periintestinal mesoclerm" (figs.
61 & 82, Pi. mes). The cavity surrounded by the ectoclerm on the dorsal
side, by the inner margin of the dorsal mesoclerrn on the lateral side, and
by the suspendiiig mesoclerm on the ventral side, represents the space to
be occupied by the dorsal blood vessel (fig. 82, ves).
     The cells thrust from the ventral mesoderm are soon liberated from
the band and joiii the periintestinal rnesoderm. Even in a later stage
subsequent to the expansion of the segmental cavity, the ventral mesoderm
is occasionaily found sendiRg cells here ancl there to the intestine in the form

of a thin protoplasmic strand containing. nuclei (fig. 82, x). This, however,
is merely a temporary conclition for there is no real connection between the
ventral and the periintestinal mesoderms in the older embryo.
     Poste.rior Dorsal Btood Vesset oir the ELongatec} Part of the Heart. By
the constant addition of cells from the dorsal band, the suspe:iding meso-
derm graclually grows thicl<er and shorter until it be:omes three or •four cells
thick (fig. 83, s. mes>. With the development of muscle fibers in the central
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part of the dorsal mesoderm band, a thin peripheral !ayer becomes differen-
tiated from the lower and iniier surfaces of the band, by a rather distinct
protoplasmic boundary whic'n appears between the two (fig. 83, x.>. This
layer is confiuent with the muscular part iiear the lateral margin, and is
attached to the body wall on the inner margin. Fttrther, it is connected
with the periintestinal mesoderm by a thickened suspending meinbrane.
Thus a system of more or less membraneous connective tissues is formed.

     The blood vessel is now constructed by the ectoderm on the dersal
side, by the peripheral layer of the dorsal mesoderm on the lateral side,
and by the suspeEding mesoderm on the ventral side (fig. 83, ves). Both
of the lateral walls of the vessel then come together with their dorsal
margins meeting on the median line, thereby making a roof over the vessel
cavity. The subsectuent development of the vessel consists in the detach-
ment of the dorsal wall from the ectoderm and in the narrowing of its
cavity (fig. 84, h). The vessel thus cornpleted is closely attached to the
dorsal side of the intestine with certain modifications of lts connective
tissue, by which it becomes suspended on both sides by a membrane adh-ering
to the lower surface of the dorsal muscle sheath. The delamination
of the mernbrane from the muscle sheath takes place soon after (fig. 84,
x). The ve3sel (fig. 85, h) represeRts the elongated part of the heart which
corresponds to the dorsal aorta of other crustaceans. ' This part of the
heart has no ostium until hatching.

    Limb Mesoderm and TnenJe Musculature. Prior to the formatioR of
the blood vessel, the mesodermal inclu.sions of the pteopoda originate in the
dorsal band. When the limb bud devetops as the lateral outgrowth of the
segment (fig. 82, lm b),' the dorsal mesoderm expands by active cell
multiplication to invade the lirab cavity. As the ramification of the apex
of the limb bud takes place shortly afterwards, the lateral expansioR of the
mesoderm is divide[l into two masses corresponding to each brancli (fig. 82,
l. mes). In accordance with the e!ongation of the li•mb, these masses are
completely separate5 from the mesoderm band and grow into the pa. uscular
elements ftlling up the limb cavity.
    in stage Abtt 4, the suspending mesoderm is continuous throughout
the length of the trunk segments. The somites of the dorsal mesoderm,
however, remain to a certain degree, being indicated by the segmental
aggreg.ations oÅí nuclei, though not by the separation of protoplasm. In
this mesoderm band the cellular constitution remains in a rather undifferen-
tiated condition. In the ventral mesoderm (fig. 82, v. mes>, on the other
hand, the segmental arrangement is already missing ; cells which compose it
are strikingly elongated antero-posteriorly and show spindle-shaped nuclei
(ftg. { 0, v. mes). rBeing completely isolate[1 from other tissues, this mesoderm

forms a compact tubular baiad which is oval in section.

    After the union of successive somites, the dorsal meSoderm sends out a
serles of cellul,str strands from its later.1 margin towards the ventral meso-
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derm (fig. 90, ob. m). These celiular strands are forrned in the articulating

part between consecutive segments, and are united with the surface of the
ventral mesoderm at the lower end. These intersegmental vertical strands
of cells are the rudiments of the obliqtie muscie fibre groups.

    At about stage L Th-5, namely subsequent to the separation of the
limb mesoderm, the dorsal mesoderm band again expands latera!ly along
the dorsal body wall of the first four abdominai segments <fig. 83, lm. m).

Careful examination shows that the mesoderm is distinguished into internal
and external parts by the dfference in cellular constitutions. The internal
part is characterized by having antero-posterior!y etongated spindle-shaped

nuciei and by being traversed by several muscle fibres, while the externa!
part is composed of undifferentiated round nuclei. The fdrrner part (fig.

83, d. mes), continuing both anteriorly and posteriorly to its correspondiag
part in the neighbouring segments, represents the rudimeRt of the extensor.
The external part <fig.. 83, lm. m), however, is separated not only segmentally,

but also each oÅí its segments is divideLR into two masses arranged in
front and iR back. These two masses, growing into conical cell group, later
develop into the anterior and posterior limb muscles <fl..crs. 8"-85, im. m>.

  ' At about this stage myofibrils m'ake their appearance in the remaining
parts of the dorsal and ventral mesoderms as we}1 as in the intersegmental
strands <figs. 83-85). The dorsal and the ventral mesoderms may now
be called the extensor and the fiexor of the trunl< segments respectively
(figs: 84-85, ex & fl). The fibres of these muscies are extended longi-
tudinaily, being continuous at least through two or three segments. The
oblique muscle fibre groups derived from the intersegmental strands are
rather short. They converge to a point in each intersegment, radiating
both dorsally and ventraily to join with extensor and fiexor•fibre groups.
    With the delamination of the above named coRnective tissue from the
ventral surface, the extensor attains its final state (figs. 84-85). At the time

of hatching, all muscles of the trunk contain numerous myofibrils and aye
enclosed by a protoplasmtc sheath, the myolemma, which is differentiated
from the peripheral 1.ayer (fig. 85). The extensors running iengthwise along
the dorsar body wal! on both sides are elongated oval in section. The
fiexors, which are just abo-ve the gangiion and lateral to the liver Iobes, are

much smal]er than the extensors, having a round cut surface. Conforming
with the diversity in the direction of the fibres, the myolemma of the
oblique muscle is narrow in the middle, but greatiy widened above and
below, to coalesce with that of the extensor and the fiexor. The auterior
and posterior limb rnusc!es (lm. m>, which are attached to the dorsa{ body
wall, lateral to the extensors, by their circular bases, termiRate in the basal

part of the appendage by their pointed encls. They are traversed by muscle
fibres cenverging downwarcl dorso-ventratiy.

     In conciuding the description of the development of the trunk muscu-
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lature, an account of the anterior and Posterior attachments bf the extensor

and the fiexor rernaiits to be given. The anterior end ef the extensor is
found within the pericardial cavity, being attached to the dorsal body wall
of the cephalic region. It terminates posteriorly in the intersegmental
region between the telson and the last abdornina! segment. The fiexor is
separated in its anterior termial part into several fibre groups dlverging and
ending on the yolk sac. The anterior end of the ventral mesoderm i.s at
the fiexure point of the tb.oracico-abdominal process during the course of
the formation of segments. In stage Abd 5, the mesoderrn enters the cephalic

region turning the flexure around, and extends along the ventral surface
of the yolk sac as far forward as the level of the maxillula. At the same
time, the mesoderm sends out several branches to the ventro-lateral side
of the yoik sac, thus forming diverging ends. The posterior end of the
fiexor is divided into two branches respectively attached to the dorsal and
the ventral wall (fig. 90). This is due to the fact that the end of the fiexor

becomes bifurcated• as the result of its development along the lateral body
wall to the dorsal wall (fig. 88,fl). TY.e dorsal branch attaches to the body
wall at a point slightly laterat and posterior to the extensor attacltment,
and the ventral one eRds on either side of the anus.

    Prior to the development of the myofibr!Is, active formation of the
chromir3ia is observed. This appears to sttbstantiate MoRoFF's (1913b) view
that the myofibrils are forrned at the sacrifice of chromatin substances.

    Con}tective Tisstee. At the time of the deiamination of the connective
tissue layer from the extensor (cf. p. 64), it is occasionally found that the

two structures, mostly separated, remain united with each other in the
lateral and internal parts, thus e' nclosing a cavity between them (fig. 84)•
The cavity appears to represent a ceelom at first glance, but this is not the

case. Despite the presence of both the latera! and interna! unions in the
middle of the segment, the internal union is lacking in the intersegmental
region and the cavities of both sides are fused into one above the blood
vessel. Further, there is no segmental separation of the cavites, for these
are longituclinaily continuous throughout, from the beginning. These
cavities are therefore only temporary formations 'in the course of the
de!amination of the connective tissue from the extensor muscie sheath. No
ceeiom is formed in any stage of development.
    The tip of the posterior liver lobe is provided with a mesoderm mass
<fig. 100, I. t. mes) derived from the mesoderm of the second maxilliped
segment. By the elongation of the lobe this mesoderm is carried as far
as the telson. The mesoderm, in the form of a thin membrane, also covers
the entire length of the lateral wall of the lobe. As the liver lobe elongates
close along the side of the intestine, the coverlng mesoderm membrane
of the. Iobe fuses with the preexisting connective tissue complex. "lrhus at
the time of hatching, the intestine, the liver lobes and the blood vessel are
closely associated, being enciose5 by a complicated system of connective
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tissues (ftgs. 85 & 91, c. t). The tissttes are attachecl by a pair of horizontal

membranes either to the lateral body wall or to the lower surface of
the extensor muscle sheath. •The germ cells which supposedly develop from
the connective tissue are not differentiated by the time of hatchiRg.

                      12 Circulatery System

     The development of the posterior dorsal artery or the elongated part
of the heart.has been mentioned. The present chapter will be devote5 to
the developments of the dilated part of the heart, the anterior dorsal arter.y,
ancl the lateral vesse!s.

     It is not suthciently clear whether the mesoderm invading the limb cavity
of the maxillula, maxilla and two maxillipe5s comes from the .dorsal meso-
derm band or the ventr.al one. In an early stage in the development of
these lbnbs, the two mesoderm bands are inseparable from each other as
the narrow lumen of the thoracico-abdominal process is closely packed with
cells. The participation of both of thern in the formation of the Hmb meso-
derm is, laowever, rather improbable, since the mesoderm of the pleopoda
is derived from the dorsal mesoclerm aione. The mesoderms of the two
maxilliped segments' extend for a rittle distance posteriorly, beyond the limb
bases. The suspending mesoderm strands given before are producet from
the (topographical!y) posterior ends of the iimb mesoderms. On account
of the side-by-side Positioia of the maxiliipeds, the strands are arranged
aimost laterally. In the second segment they are attached to theintestine
at its jttncture with the mid-gut epithelium, whereas in the first segment
they are attached directly to the yoll< sac. Accorclingly, when the fusioR
of the consecutive strands tal<es p!ace, the suspending mesoderm membranes
of both sides are widely separated from each other in these segments which
constitute the posterior end of the cephalic regioR.
     The HeaTt and the Perica•rditsm. Meanwhile, the anterior encl of the
stispettding mesoclerm becomes very thickenec{ by the addition of new
cellular elemeitts from the mesoderm in the maxillipeds. In stage 7, this
thickened part of the suspending rnesoderm cleveleps a posteriorly <or
morphologically dorsally) extenciing membraneous outgrowth on each side
invading the narrow serum space betweeR the dorsal body wall and the yolk
sae. Although the paired outgrowths are free when projected into the
serum space, they sooR become attached to the body wall and.the yolk
sac. It is founcl in t'he transverse section (fig. 93) that each of the mem-
branes, which is attachecl to the dorsal body wall, extencls down to the yoll<
sac nearly vertically, then laterally along the yolk surface, touching it.
Thus the serttm space is divicled into three portions by the vertical part
of the membrane of either side, the central portion representing- the heart
cavity (figs. 93-9<l? la c'), an(l those laterai to this the paired rudiments of

the pericardial cavity (Perl). The vertical and horizontal parts of the mem-
brane respectively indicate the heart wail (h. zv) and the pericardial floor
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  (per. f). Since the (morphologically) posterior marg'in of the fioor is con-
  nected to the mesoderrn mass in the maxillipeds, the pericardial cavity is
  closed posteriorly, unlike the heart cavity which continues to the aortic
  space of the trunk region. Anteriorly, these cavities are still wide open.
  These conditions are attained before stage Abd 1.

      Subsequently, the dorsai and the ventrai attachments of the heart wall
  move gradually aiong the body wall and the yolk surface respectively
  toward the median. The heart cavity is cornpletely enclosed by the union
  of these vertical walls jn their tipper and lower margins, and the pairecl
  rudiments of the pericardial fioor fuse into a continuous sheet. The
  anterior side of tlie he3rt is completed by the forward extension of the free
  margin of the wall which accompanies the narrowing of the lumen (figs.
  96-97, h). The pericardiai fioor extends laterally and anteriorly over the
  yoll< sac until it touches the body wall to enclose an extensive cavity (fig.
  100, Per). The pericardial cavity is roofed by the ectoderm and not by
  the rnesoderm. In about stage Abd 6, the heart wali becomes detached
  from the dorsal body wall as we!1 as from the pericardi.a,l floor (fig. Iee,
  h. w). Near the anterior ancl posterior ends of the heart, however, its lower
  wall remRins in contact with the pericardial fioor up to the time of hatch-
  ing. The heart is connected also with the body wali by several fibrous
  structures which have developeL{ from the wall of the heart in an early
  stage of its development" (fig,,. 94, .v>. The completion of the di!ated part

  of the heart is imrnediately foliowed by the consummation of the elongated
' part.
      The anterior margin of the l{eart wali grows forward still fcarther as
  a narrow tube which represents the posterior half of the anterior dorsal
  .o.rtery (fig. 97, x).. The heart valve is formed at the junction of the heart

  and tlae artery by the paired ingrowths of the wall. The ingrowths meet
  o:,i the meclian line, except for a'longitudinal siit. One pair of ostia are
  present on the dorsal surface of the heart as a round hole eRcircled by a
  few nuclei (fig. 100, os). 'IAhe heart wall remains very thin and singie-layered

  until hatching.

      As stated before, a narrow lurnen is formed between the connective
  tissue layer and the ectoderm in the trunk segments, by the delaraination
  of the layer from the extensor rudiment. The pericardial floor, which is
  attached anteriorly and laterally to the body wall, continues posteriorly to
  this connective tissue. The delamination therefore briRgs the pericardial
  cavity into communication with the lumeii of the t.runk at the same time.
  As this lurr}en contains the principal part of the extensor, so the cavity
  inciudes its anterior terminal part within itselÅí This is due to the following
  process. After the pericardi.al fioor and the 1ieart wall are formed, the
  mesoclerm of the mi}xilliped segmeRts expands beneath the body wal! and
  above the rttdiment of the pericarclial fioor farther antero-laterally (fig. 94,

  ex). With the completion of the pericardial cavity, the expaRded part
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detached from the limb mesoderm, becomes included within the cavity, and
constitutes the anterior end of the extensor.

     Although there is a great difference between the develeprnent of the

dilated part of the heart and that of the elongated part at first sight,•
conformity is found as regards the fact that both parts are derived from the
suspending me.soderm. The seeming difference is due rnerely to the wide
sepfiration of the rdesoderms of both sides from each other in the maxilliped
segments. REicffENBAci{ (1886) describes in his paper on the Astacus that
a pair of cell sheets derived frpm the rearrangement of the mesenchymatous
loose ]nass fuse to form the ventral wall of the heart. The heart is
enclosed in the cavity formed by the upward exteRsions of the margins
of the ventral wall wliich corne together on the dorso-median line. FumNsi<i
(1908) states, also of Astacus, that instead of a mesenchymatous mass, the
splanchnic layer of the rnesoderm produces the heart wall; he emphasizes
his idea that this and the pericardial fioor are morphologically one unit.
Thus the developmeRt of the heart appears to foilow a similar course in
x<tstacus and in SquilLa. Both TERAo (1929, in Panuliras) and MANToN (1928,
in Hemim.vsis ; 1934, in 2Vebalia) mention the heart as being formed by the
coelomic walls of both sides. The absence of the coelom in Squiila some-
what modif{es this mode of development, btit this does not make any
essential difference.

     Anterior Dorsat A•rtery. This artery has a two-fold origin. At about
stage Th 3, a number of mesenchymatous celis, released from the anterior
end of the naupliar mesoderm complex, migrate towarci the rostral region
by passing through a narrow spat.'e between the iower face of the optic
lobe and the yolk sac. These migratiRg cells apparently comprise at least a
remnant of the pre.antennulary mesoderm. They proceed farther, along
the yolk surface and across the rostrai base. At' about stcage Abd 4, they
are rearrangecl iR a pair of longitudinal' linear rows extending from the

rostral base to the lateral side of the clorsal organ in the shape of a V
(fig. 95, mes). These rows form a narrow vertical membrane connecting the
dorsal bo5y wall with the yolk sac 'surface and, with the collapse of the
dorsal organ, gradually approach each other (fig. 97). The rows represent
the paired rudiments of the vessel wall. On th•e other hand, the anterior
end of the heart wa{1 elongates anteriorly as a narrow tube, at about this
time, reaching a point near the posterior margiR of the dorsal organ (fig.
97, x). Iminediately after the disappearance of this organ, each rudimeRt

of the anterior vessel wali is united with the posterior tube extending from
tlae heart, thus forming a continuous vessei cavity (fig. 9g, a. d. a). The
walls on both sides, however, still remain apart for a certain distance; the
upper and lower waiis are represented by the ectoderm and the yolk surface
respectiveiy. The vessel wall is completed by the coming together of the
vertical membranes as weil as by their union on both dorsal and ventral
sides. The anterior dorsal artery or the cephalic aorta of KoMAi and TuNG
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 (1931), which departs from the anterior end of the heart, terminates in the
sub-rostral connective tissue complex in front (fig. 99, a. d. a).

' FumNsKi (1908) holds that tlais artery in Astacus has a two-fold develop-

ment. Sqzeilta is in exact accord with this decapod in this respect,
though a difference may be found in that a pair of lateral cephalic arteries
are produced in addition to this artery, by a simllar process in the latter
animal. In Squitta, this pair of arteries do not have a two-fold origin as
will be describe5 below. According to MANToN (1928, '34), the anterior

dorsal artery in Hemimysis aRd Nebagia is formed by the backward
elongation of the preantennulary mesoderrn along the dorso-median line and
by its subsequent fusion to the anteyior end of the heart. She speaks of
the forward movement of the heart, but does not recognize its formation
of a tubular process.

     Lateinl vessels. Two pairs of laterai vessels a;e formed by the thicken-

ings of the pericardial fioor by the time of hatching. As stated before,
the pericardial floor remains in contact with both the anterior and posterior
parts o' f the heart wall. IR the anterior point of contact, Ramely just
behind the heart valve, the pericardial fioor thiclscens into a pair of linear
ridges departing from either side of the heart and extending laterally for
some distance (fig. IOO, x). These ridges become hollow and separated
from the pericardial fioor in stage L, Abd 6 (fig. 99, i. v. Z). They do not
communicate with the heart until hatching and their lateral ends terminate
on the yolk surface without reaching any tissue. The posterior lateral
vessels, which deve}op much eariier thcan the anterior pair, are simi!arly
derived from the transverse thicl<enings of the pericardial fioor close to
the posterior eRd of the heart. The thickenings are made hollow in stage
L., Th 2 (fig.' 100, l. v. 2). With the perforatioR of the heart wail, the

vesseis soon communicate with the heart cavity at its posterior end. The
posterior vessel has tsa iarger lumen than the .anterior one and runs lateral{y
in a straight line as far as the base of the second maxillipecl, terminating
in its mesoclerm compiex. A pair of valves are producecl by the ingrowths
of the wall at the place where the vessel and the heart meet. Ui}like the
anterior pair, the posterior pair keep in touch with the pericardial floor
unti! hatching. Except for these vessels, the hatching embryo is not provided
with any additional pair of lateral vessels or with a sternal artery.

     The sternal artery first appears as paired rudiment's in Astacus (Fuf.iNsKi,
l908) and He•mimysis (MAN'roN, 1928), but only one of them undergoes
development. This artery therefore is evidently equivalent to one of
the segmeRtal lateral vessels of Sqt{llta which develop in larva! stages.
MANToN describes the sternal artery of E{'emimysis as originating from the
.outgrowth of the heart wail. In Sqttilla, however, the lateral vessel develops
from the pericarClial floor. Its origin closely resembles that of the segmental
vessel of Nebalia which arises from a lacunae-systera within the connective
tissue complex. The heart wali does not take part in the formation
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of the vessel in both cases.
     Although the Squilla embryo develops oniy two pairs of lateral vessels
before hatching, the Ericlzthtts-!arva is provided with more pairs of vessels

arranged more or less segmentally and possess an elongated heart which
extends nearly to the end of body, exhibiting a distinct cardiornere (following
MANToN's terminology in Nebalia, 1934). According to CLAus (1880, '84>,
the lateral vessels of this larva consist of `` Schalenarterie " originated from

the frontal margin of the dilated part of the heart and fourteen pairs
of vessels departing from the elongated part posterior to the dilated part.
KoMA! and TuNG (1931) show the same distribution of vessels in the aclult.
The anterior pair of lateral vessels in the ernbryo, therefore, correspond to
the "Schalenarterie" or KoMAi and TuNG's "arteria lateralis cephalica,"
and the posterior pair extending to the base of the fust maxilliped represeht

tke first of the fourteen posterior pairs in the larva and adu!t.

     BIood Corpuscte. The blood corpuscle is a round cell having darl<ly
ancl rather uniformly staining karyoplasm (fig. 100, b. c). It mal<es its
appearance first in•stage Abd 4, in the cavity of the thoracico-abdominal
process,-as a proliferation product of the lower surface of the dorsal
mesoderm. Accorclingly, the rucliment of the vessel lumeii does not contain
any bloocl cells in this stage. Soon afterward, theblood cells appear in the
peric.ardiat cavity by proliferation from the anterior encl of the extensor
includecl within this cavity. Many intermediate stages of the developing
corpuscles are found among the constitttent cells of this muscular bundle,
altd the immecliate circumferences of the extensor are crowdeci with
liberated blood cells. The production of the blood cell is also carriecl out
later in the manclibular and maxillar adductors as' well as in the sub-rostral
connectivettissue. The pericardial floor seems to produce the blooci cells
in the anterior and posterior thicl<enings which (levelop into latera{ blood
vessels. However, there is no evidence to inclicate t•laat the dorsal artery
ancl the heart wallprocluce the corpuscles. At the time of hatching there
is a great quantity of blood corpuscles throughout tlie whole body. Tlr.e
corpuscies enter the heart through the ostia.

                         I3 Telsen Mesederm

     The origiR of the telson mesoderm has aiready been described. The
mesoderm forms a p.air of masses each of which is enclosed within the cavity
of the cauclal furca. In stage Th 3, the mesoderm is clearly discriminated
from the ectoderm layer with the complete cessation of cell immigration.
At about the time ulhen the anus becomes terminal, this mesoderrn ext.ends

anteriorly to cover the proctodaeum as a rather thick membrane (fig. 87,
PP. fnes>. Whelt the telson cavity begins to appear, the membrane devel'ops,
on each side, a proteplasinic process connecting the proctodaeum with the

 clorsal body wall (figs. 88-89, s. mes). At this time, the posterior part of
 the mid-intestine is not yet covered by the periintestiRal mesoderm derived
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from the teloblasts. The intestinal investment is completed by the mutual
approach of this periintestinal mesoderm and the periproctodaeal part of
the telson mesoderm. The protoplasmic processes of the latter atso fuse
with the suspending membranes of the former, making the vessel cavity
continuous. When the anus is transferred to the ventral side, the principal
mass of the telson mesoderm .occupying the IQwer part of the telson cavity
forms a number of protoplasmic fibres connecting the dorsal and ventral
body walis. Thus the telson cavity, crossed by these fibres, frorns a
cemplicate5 lacunae system (fig. 105) into which the posterior end of the
dorsal blood vessel opens. Most of the mesoderm, except for a smail cell
mass left at the tip of the telson, is used for the formation of these fibres.
These residual mesoderm cells. secrete several ch!tinous rods which grow
into the terminal setae. of the teison after penetrating tke ectoderm.
    Anal Gland. In stage Abd 6, the telson mesoderm investing the
proctodaeum gradually thickens on either side, at the point where the latter
cLirves downward, and grows into a pair of round cell masses (fig. 88, PP.
mes). These masses are then differentiated into peripheral and central
p.arts. The former (fig. 89, c. t) is a thin layer composed of very fiattened
nuclei which completely surroLmds the iatter and continues to the principal
mass of the telson mesoderm. The central part (fig. 89, a. ..al), occupying
tlie greater part of the cell mass, has large round nuclei; it is separated'
from the peripherai part by a distinct protoplasmic border. At about stage
L, TI'} 8, a small intercelluicrtr ltimen is formed in the central part by the
rearrangement of the component ceils. The lumen is encircled by a layer
of tall cylindrical celis with rather conspicuous boundaries (fig. 89, a. .al).

The central part containiRg the lumen represe"ts the anal gland and the
peripheral layer is its connective tissue investmeRt. With the advance of
the stage, the lumen gradually enlarges, while the surrounding w.all grows
tktinner. At the time of hatching, the an.ftl gland, an oval body with a
very lar.g.e cavity and a very thin wall, is attachecl to either side of
tke recturn by tlae connective tissue covering <fig. 91, a. .ffl). It has no

communication with the rectum.
    KorvfAi and TuNG (1931), in their sttt'dy of the adult and larval anal
gland, state that it consists of two pairs of glandular sacs each of which
opens into the digestive tract by a short duct. The development of another
pair of saos as well as that of the duct is believed to be undergone in the
larval stages. The g.land can not be homologized with the posterior mid-
gut ccecum of Nebalia, since the former is derived froJn the mesoderm,
whereas the latter develops as an evagination of the mid-intestine.

                      14 Cephalic Mesederm

    The fate of the cephalic megoderm as weU as tkat of the ectoclerm
closeiy associated with it wil! be described as briefiy as possible.
    It has been stated that in the meta-naupliar stages the cephalic meso-
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derm consists of the peristomoclaeal mass, a pair of the longitudinal bancls

extending forward frOm the former and the mandibular mesoderm. The
anterior enci of the Iongitudinal bancl becomes includecl in the eye-stall<
(fig. 6S,.mes) and develops into its musculature. The paired bands then
extend farther forward to the rostral base where they constitute a connective
tissue (fig. 105, c. t). The remaining parts of the bands approach each
other to form a {ongitudinal, mediaR musclefibre bundle which is attached
posteriorly to the eesophageal and stomachal wall and terminates in the
above namecl ]'connective tissue anteriorly (ftgs. 65, 71, 72, 105 & 106,
m or mes). In front of the stomodaeum, the rnuscle is in contact with a
p!ate-like, median ectoderm ingrowth which apparently gives support to
the muscie (figs. 65 & 105, ect. ing). A par.t of the muscle is inserted into

the median groove between the anterior liver lobes. The peristornodaeal
mesoderm gives rise to four pairs of outgrowths which, on reaching the
bedy wall laterai to the labrum, develop into stomodaea! muscles. Of these
four pairs, two pass over the ventral nerve cord and the other two under
it. Each of the supra- ancl subneural muscles is arranged antero-posteriorly
<fig. 65). The circum-oesophageal musculatures are also derived from the
so.rne sottrce. The mandibular mesoderm, as stated before, is divided into
Iateral, limb and median parts on either side. The first develops into the
mid-gut muscle extending latercal!y along the yolk surface. The other
two parts come in close association with each other to form a thicl<
cellular bttndle; the bundle of both sides are connected by a thin proto-
plasmic membrane on the dorsal side of the nerve cord. With gradual
chitinization, the membraneous part clevelops into the mandibular tenclon (fig.

65, x 1). The cellular bundle lateral to the tendon becomes separatecl dorso-
velttrallY into two bundles. The ventrai bundie grows into a' very-thick
mandibular adductor departing from the mandibniar cavity and ending on
the surface of the teitdon. The clorsal bundle, which is thinner, is attachetl
to the yolk sac by its lateral and the tendon by its inner eiid; this is the
mandibular levator. The maxillular raesoderm is very similar to the
mftndibular, consisting of a tetidonous (fig. 65, x 2) and an adductor part.
But no levator is formed.

     The teadonous plates of the maiadibttla'r and maxillular segments are
closely united, with the tip of the median ectoderm in.q. rowths developec{ in
front of the ganglia of the respe-:tive seginents. On both sides of tl".e
stomodaeum, the vetttral body wall px`oduces a pair of ingrowths which,
elongating postero-internt!lty, cievelop into rods with cores of chitinous fibres.

These rods provide a support for the mandibular and mnaxillttlar tendons
by the close union of thekr inner ends with the lateral margins of the
latter. The posterier pair of subneural muscles of the stomoclaeum are
attache(l to these lateral ro(ls along nearly their whoie length. Theectoderm

ingrowths, both median and lateral, seem to be lzomologous with the inter-
ganglionic celi groups ef the trunk region. The antennae and maxillae
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have no appreciable muscular bundles, though, several fine fibres connect
them with either yolk surface or other structures.

     Antennal Gland. In stage Th 8, the two or three rnesoderm cells
occupying the basal part of the antennal cavity hecome specialized by
growing rich in cytoplasm. These cells enter the body cavity ancl aggregate
closely into an oval mass suspended from the body wall by a protoplasmic
membrane (fig. 74, an. gl). With the advance of stages, the cells composing
this mass greatly enlarge and produce a rather spacious intracellular
lumen. Tke lumen contains a fluid which is dyed blue by MALLoRy's
stain and has a finely granular appearance. This body, with ali possibiiities,

represents the rudimentary anteimal gland, the intracellular inclusion belnLq
a waste product (fig. 75, an. 'gl). The antennal gland does not make
much progress until hatching. It develops no leading duct or any
intercellul(rw cavity. This gland has never been reeorded either in the adult

or iR the larva of the Stomatopoda. Therefore, it seemg the gland
degenerates during the larval development without making any further
de'ielopment. '
     Maxillar Gtand. The maxillar gland does not develop uRtil hatching•
At first sight it appears rather strange that the ' Sqteiila embryo has an
antennal gland instead of a maxillar gland. However, inasmuch as the
co-existeRce of these two glands during the embryonic iife is reported in
many other crustaceans (CANNoN, i924; MAN'roN, 1928, '34; TERAo, 1929;
etc.), this state in Squitta seems to be due merely to the chronological
difference in the appearance of these glands. WooDLAND (1913) describes
the maxillar gland as being derived from the ectoderm invagination durin.cr.
the larval developrnent. In the other crustaceans, however, the gland is
generally re_cr.arded mesoderinal. Further conftrmation on this point is
desirable.

    Labrat Gland. As stated before, the labral cavity contains cells derived
from the peristomodaeai mesoderm coat. In about the stage when the
abdominal segments are fermed, a few of these cells grow rich in cyto-
plasm and coalesce into a syncytial mass. The cytoplasm of this mass is
characterized by a large amount of granules deeply stained by eosin (fig•
64, lb. gl). Since the nuclei gradually become scanty iR chromatin in an
inverse proportion to the increase of the granules, the latter seem to be
produced at the sacrifice of the former. Unti! the time of hatching, the
syncytial mass does not show much development except the increase in
the quantity of granules (fig. 65, lb. gl>. The mass is covered with a
connective tissue and attacheaf dire:tly to the e:toderm, but it is not provided
with any duct ieading to the exterior. This is the labral glancl.

    A glandular tissue in the Ft{rcilia-stgge of the Ettphaztsia closely
resembling this gland is described by TAvBE (19. 15) as forming two pairS
of masses present in the labrum and hypognath respe:tively. These masses
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presumably represent t.he elongation of the antennal ancl the maxillar glands
transformed. into supporting tissues according to him. CLAus (1884), in his
study of the Sqzt.,'lla larva, states that the labral gland is cn`n assemblage of

unicellular glands each opening to the exterior by a fine duct. I{e also
records the pi-esence of a similar structure in maxillae. No glandular
tis.sue, however, is found in the inaxilla during embryonic life.

    Liver TtP' Mesoder•nz. Just beforetheanteriorendoderm plate is forme[l,
several cells separated from the paired longitucliRal bands of the mesoderm,
given above, become attached to the yoll< surface on both sides in the
region beneath the cerebrum, forming a pair of small masses. At
about stage Abd 3, each of these masses is arranged in a single-layered
cell plate spreading over the anterior endoderm plate (fig. 106, lt. mes>. By

forward expansion of the endoderm plate, the mesoderm plate is carried to

the rostral region. In the stage when the former clevelops into anterior
liver iobes with the appearance of a median groove, the latter b' ecomes
situated on the anterior surface of each lobe. The compoRent cells of
each mesoderm p!ate again aggregate, making an irregular mass between
the ectoclerm and the endoderm. This is the tip mesoclerm of the
anterior liver lobe which apparet}tly constitutes the connective tisstte of the
lobe.

    The mesoderm gf the posterior liver lobe is derived from that of the
second maxilliped segment. Just before the development of the lobe, the
suspending mesodenn o'f this segmeat becomes greatly thicl<ened on both
sicles by active cell multiplication. XVith the protrusion of the underlying
endoderm as a pair of liver lobes, these thicl<enings are detached from the
rest of the mesoderm and are transporte5 by the liver tip as far as the'
telson (fig. 100, tt. mes). As stated before, the tip mesoderms contain a
layer of filiform nuclei elongte:1 in a clirection parallel to the axis of the
liver. The niesoderm also covers the lateral side of the elongated liver

as a thin membrane. The pr!ncipa! mass of the mesoderm, however,
remains in its original constittition and bull<, even in the stage when the
Iiver reaches the telson. It is thus indepenclent of other tissues.

                             .                            D'                             lscusslon
                               '
    As the adult Sqz•tilia preserves miiny primitive structures, so its
embryonic c!eveiopment retains maRy primitive features. The ontogeny of
this crustacean closely resembtes, in some points, the development of
Decapoda, but it shows undeniable similcarities to that of Nebaliacea in rnany
other respects. At the same tirne, it has its own peculiarities. It is thus
rather interesting and important from the phylogenicat point of view to
compare the development of Sqtsilla with that of other ]V[alacostraca. It is
inevitable, however, that comparison wkh some of the imperfectly l<nown
orclers can not be perfect.

s
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     In the fact that the egg is typically centrolecithal and shows partial
 segmentation, Squitia is in accord with Decapoda bat differs from. other
 orders which are either deprived of primary yolk pyramids <e. g. Mysidacea,
 Nebaliacea) or total in cleavage (Euphausiacea, Amphipoda). Like the
 embryos of Decapoda, the Sauilla embryo le3ves its mother as.a free-living
 larva and undergoes a rather extensive series of metamorphosis. In Pera-
 carida as well as in Leptostraca, the hatched larva remains for a considerable
 time within the broocl-pouch of the mother animal, the first free-living larva
 more or less resembling the adult. The embryos of the Isopoda and Cumacea
 retain a dorsal curvature tliroughout, while the Amphlpodan embryo changes
 it into a ventral curvature in a later e;nbryonic stage. .KoMAi <1924) stresses

 the resemblance of Stomatopoda to Decapoda, Mysidacea and Nebaliacea
 in that "the thoracico-abdominal region of the body is kept turned over
 on the ventral side throughout the embryonic stages" (p. 276). In the
 last two orclers the ventral curvature is claanged simultaneously with the
 hatching into the clorsal. The hatching in these, however, takes place
 before or after the naupliar stage and much earlier than in Decapoda and
 Stomatopoda. The Stomatopoda are therefore in comp!ete agreement with
 the Decapocla in maintaining the ventral curvature even in the stage
 corresponding to the later embryonic or, rnore appropriately, non-freeliving
' larval stage of Mysidacea and Nebaliacea. All of these characters, however,
 are due only to the difference in the amount of yolk contained in the ova
 or to the difference in the mode 'of life of the animals.

     The formation of the segments in Sqteilla proceeds bacl<ward from the
 front as in Peracarida. But the development of the limbs is retarded in
 the third to seveRth thoracic segments. The consititution of the two pairs
 of antennae are rather noteworthy. In Decapoda the antennule remains
 uniramous while the antenna becomes biramous. A reverse relation is
 observed in Stomatopoda and Nebaliacea <MAN'roN, l934), the first pair bein.g
divided instead of the second. Contrary to the lifelong preservation of this
relation in the iatter, however, it merely represents the "embryonic and
earlier Iarval condition in the former, the second paiy also developing later

 irtto biramous limbs. In Mysidacea, both pairs grow biramous y,early
simultaneously and immediately after hatching.

     As regards the formation of the germinal disk. Malacostraca can be
divided into two groups. In Eucarida and Leptostraca a V-shaped germinal
disk is transformed into an O by the appearaRce of a transverse band
between the optic Iobes. The disl< of Peracarida, on the other hancl, retains
the V-shape without acquiring its transverse band. In this point Sguilla
belongs to the former group.

     As for the dfferentiation of germ layers, Stomatopoda are rather
iRdeterminate unlil<e Mysidacea and Euphausiacea but iike the other orders.
Especially in contrast to the above two orders as well as to Isopoda which
produce the genital rttcliment at a time ear!y in the differentiation of the
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germ layers, in Stomatopoda and other orders of Malacostraca the germ
cells mal<e their appearance for the first time just before or after hatching.
    MANToN (2928), in i..er study of the developmeRt of Hesciimysis, discusses

the spacial relation of the primitive rudiments over the blastoderm at
some length. After reviewing many investigations on other crustaceans,
she comes to the Åëonclusion tliat the mesoderm in Malacostraca is formed
anteriorly to the endoderm, but that the relation is reversed in Entomo-
straca. IIer view regarding the former group is basecl on the facts previousiy
reported of Leander, Jaera, and E"Phausia in additlon to her own conclusions
concerning ffemimysis. The same author, in her subsequeRt work on
Nebalia (1934), mentions that in this animal the endoderm is derived from
the posterior end of the mesendodermal mass after the immigration of the
latter into the blastoceel. She emphasizes this facC to provide a further
support for her belief. However, so far .as Nebalia is concerned, her view
appears to be far-fetche1. The spacial relation'resu!ting from the internal
dfferention does not necessarily coincide with what is found on the blasto-
sphere. At any rate, Squitla is in accord with Nebatia in showinlg simiiar
differentiations of the dndoderm.
              t    In Leptostraca as well as in those orders of I?eracaricl,a studie[1 care-
fully, namely Isopocla .and Mysidacea, the immigratien of cells from the
extra-blastoporic re.cr.ion is not known, except for the preantennulary meso-
derm formation. Although RoB]NsoN (1906) derives the yoll< cells in Nebal'ia
fiom tlte whole surface of the germinat disk, MAN'roN (1934) restricts the
extra-blastoporic immigrants only to the named mesoderm. As discussed
before, this mode of formation is found in tl:e mesodermal yoll< cells of
Decapoda and Stomatopoda. The presence of this kind of yolk cell appears
to be a common characteristic of those orders and a rather strikiR.cr. contrast

to what is known in Peracarida ancl Nebaliacea. A relation between
these yolk cells ancl the preantennulary mesoderm has also been stated`
Stomatopoda Iie between Nebe.liacea ancl Decapoda in the degree of develop-
ment of this mesoderm.
    All the previous studies carriecl out from the viewpoint of modern
,embryology confirm the presence of teloblasts in Malacostraca. This sub-
class is divided into tvvo groups as regards the constitution of the ecto-
teloblasts. In one group the teioblasts are arranged in a complete ring aRd
                                          'constitute the whole surface of the trunk segments, while in the other group
they give rise to the ventral side of the segmeiits only, without forming a
ring, the rest being derived from"the non-teloblastic blastoderm cel!s. The
former group includes Neb.aliacea (MAN"roN, 1934), Decapoda (Fui.iNsi<i, 1908)

and Stomatopo.da and the latter Isopoda (.McMuRRIcFi, 1895; Nussp>AuM,
1904), Amphipoda (BERGH, 1894) and Mysidacea (BERGH, 1893; MAN'roN, 1928).

    The eJtoteloblasts are found in odd numbers in a majority of cases.
For example Nebal•ia (MAN"roN, 1934) h.o,s 19 of them, Hemimysis (MANTON,
l928) 15, MesoPodoPsis (NAiR, 1939) 14-16,'ancl Mysis (BERG}i, 1893) has 17
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or 19. In all of these cases a "central teloblast" ;'s always distinguishable
from otl?er cells in that it lies somewhat out of the row and is more or
less larger in size. Sometimes the nmnber ef teloblasts is variable within a
narrow limit (McMuRRicH, 1895 in Isopoda; BERGH, 1893 in Amphipoda). Yet
the central cell is present whether the number oÅí composing cells is odd
or even. Judging from the figures given by Rmc}iENBAc}i (1886, fig. I06, Pl.
IVb) and FuLiNsi<i (1908, figs, 1-2) the ectoteloblasts are much more nttmerous

in Decapoda tl}an in other orders. Furthermore, MANToN (l934) assurries
the absence of the ceiitral teloblast. In Squtlla the teloblastic ring is
composed of 21 ceils including a distinctly specialized central cell. On
this point Squilta is in harmony with other orders exclusive of Decapoda.

     The row of ectoteloblasts is formed by the ttnion of paired cell rows
which first appear oR both sides in Hemimysis (MANToN, l928), Nebalia
(MAN"ÅíoN, 1934) and in Sqtsiila. In Leander(Soi..i.AvD, 1923> and in }sopoda
(McMuRRici{, 1895) it is differentiated as a single row of cells from the
beg. inning. The whole number is present in Hemimysis and lsopoda before
the teloblasts commence tboir first division; while in Nebalia and Sqttitla,
the number is increased after the fu'st dfferentiated teloblasts begin to
produce their descenclants. In Decapoda thd time of the completion of the
number is not l<nown.
     It is noteworthy that the mesoteloblasts are always 8 in number except
in Decapoda; for example, that number is given for Hemimysis (MANToN,
1928), Nebalia <MANToN, 1934), Ligia, Porcellio,• Cymothoa (McMuRpNic}i,
i895) and so on. BERGH (1894) says Gammarus has 3 or 4 cells on either
side of the middle iine, though this needs further confirmation. Among
Decapoda, Astaczts (FvLiNs!<}, 1908) has 8 mesoteloblast-s, while Leander
(SoLLAuD, 1923) has 14-16. NussBAuM <1908) states that 8 teloblasts are
produced in Cymothoa by the division of the 2. cells differentiated firstl
McMuRRic}i (1895) and MAN'roN (1928) agree that the whole number is not
derived from the preexisting teloblasts but come directly from the blastoderm
celis. In Squllla all teloblasts .rtre present from the beginning.

,,.,i8iO,M-.I.,lg'me.Cgg.IX8ZE,.ERzz.dggg,.m,.zx.,b,z.",orw,fign.?etgc\-g,g.gf

appearances. In the more or less determinate forms such as Isopoda
(McMuRRicH, 1895) and Mysidacea <MANaNoN, 1928) the mesoteloblasts
originate by the immigration of cells which are situated just behind the
ectoteloblastic row on the blastosphere. In Pamtli"ts <TERAo, 1929.) the
" posterior buddk3g zone" is said to be composed of two rings arranged
antero-posteriorly .ruround the thoracio-abdominal process, and the mesoderm
budding zone is derived from the distal ring by its sinl<ing into the cavity
of the process. If so, the condition is the same as that found in the
determinate forms. In Nebalig (MANToN, 1934) the mesoteloblasts develop
from the mesendoderm cells situatad beneath the ectoteloblastic row after
its differentiation. Unlike these cases, the mesot61oblasts of Sqttigla are
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produced first from the blastopore, then they are displaced towards the
back; the ectote'.oblasts arise from the cells lying above the mesoteloblasts

iR 'their new loci. Therefore in the last named two forms there are no
intimate relations between the two teloblastic rows as regards tlieir original
positions oR the surface of the germinal disk.

     It has been stated that the mesoteloblasts of Sqz{illa are separate5 into
two ventral teloblasts and two groups of dorsal teloblasts each composed
of three cells. Such a condition emphatically rerni.nds us of what is recorcled

of Ligia by McMuRRicii (1895), who states that the mesoteloblastlc row
is divided into a central group of two cells and a pair of lateral groups each
composed of three cells. The former is alleged to become the connective
tissue, ancl tlie Iatter the limb mesoderm and the lateral mesoderm mass.
These celttral and lateral groups seem to be equivalent to the ventral cand
dorsal teloblasts of Sqttilla. The derivation of limb mesoclerm from the
corresportding teloblasts in both animals may be especia}ly worth noting.
In A]7ebalia, judging from MANToN's <1934) figures, the teloblasts seem to be
separated in their positions and different, to a certain extent, ki their fates
as in Lig'ia and Squilla. The limb mesoderm in Nebalia also originates from
the dorsai mesoderm. In the other oi'clers of Malacostraca, such differen-
tiation ai:noRg the mesoteloblasts is not decisively known.
     The teison mesoderm of Neomysis (NEEDi-iAM, 1937) is derivecl from
that of the seventh abclominal segment. In Ligict (McMuR?tici-i, 1895>, the
posterior member of the products of the l6th dlvisioa of the teloblast
appears to become the telson mesoderm clirectly without constituting
the seventh abdominal somite. In Leander (SoLLAuD, 1923) and Nebalia
(MANToN, l934) the mesoderm is represented by aloose post-segmental tissue
derived from the posterior margin of the blastopore. IR Sqttigla the rneso-
derm is forme.ft by the immigration of cells from the telson ectoderm. Since
this ectoclerm is the offspring of the periblastoporic blastoclerm, this origin
of the t"elson mesoderm is essentialiy identical to that in Leander and
Nebalia.

     Setting aside the mesodermal.yolk cells, two kinds of yolk cells are
clistinguished among those participating in the rnid-gut formation iri Malaco-

straca. The one is represented by stellate or amceboid cells coRtai'ning
                 'little or no y•oll< substance; this kind is found in Eucarida and iR the Pera-
carida except Mysidacea. The other which eccurs in Nebaliacea (MANToN,
1934) and Mysidacea (NussBAuM, 1887; MANToN, 1934> includes a large
amount of yolk by cleveloping a fine protoplasmic membrane surrounding
it. It is not very clear which kind of cells Squitla has. }Iowever, since

even the fixing metlwd successfully used by REicHENBAci{ for demonstrating
the fine membraRe of the x4stacus endoderm did not prove the presence
of such a membrane arouncl the yolk cells of SqztiUa, these probably belong
to the former type. The yoll< cells show amceboic{ shapes at •least cluring
migration, even when they contain some yoil<.
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     As regards the mode of formation of the mid-gut and its annexes,
KoRscHEmÅ} and HEiDER (1902) distinguish three types, namely: the formation
1> "unter Filtration des Nahrungsdotters" (Astacus, Panulirus etc.), 2)
" unter Durchwandrung des Nahrungsdotters" (Maia, Palaemon, etc.) and
3) "unter Umwachsung des Nahrungsdotters" (Peracarida, Nebaliacea).
DAwyDoFF (l928) distinguishes two categories: 1) the intra-vitelline dlffer-
entiatioR in which a compact group of encloderm cells containing ali the
yollsc is developed, and 2) the perivitelline dfferentiation ln which there is

a gradual investment of the deutoplasm by an epitheiium. Needless to say,
Squilla belongs in the category of the " Umwachsung " and the perivitelline
dfferentiation, and it is in this respect fundamentally different from
Decapoda.

     There are controversies concerning the origin of the liver in Malaco-
straca among previous anthors. MANToN (1928) states that the Iiver Iobe
of Hemimysis is constituted of the mesoderm separated from the mandibular
somite. She conciudes, after reviewing many of the investigations on
this subject, that in all probability the liver of all crustaceans is derived

from the mesoderm. }Iowever, in her studies on Nebalia, the same author
(l934) finds the liver of this animal originating from a pair of processes
of the endoderm plate. She therefore discarded Iier former opinion aiid has
accepted the view that. the liver in Eucarida an(l Leptostraca at least are
endoclermal, thus restricting the mesodermal origin to Peracarida. NEEDHAM
(1937), in a research on Neomysis, insists upon the endodermal origin of the
liver, though his view ls refuted by NAiR <1939) who reports on MesoPodoPsis•

     GooDRici{'s recent study (1939) on the !iver of Porcellio and Arm.adilli-

diitnz appears to give further support to MANToN's view, despite his
interpretation of the endodermal origin. The mode of formation of the
liver iR these isopods is said to be as follows: There are two types o/f
potential endederins, one being the vitellophags iramigrated from th-e blasto-
pore and the other epithelioid sheets differentiated from the mesendodermal
cell mass in a pair. The former pi"oduces a transitory mid-intestine which
is later lost and replacecl by the stomodaeum and proctodaeum. A deftnitisre
intestine is formed by tlie fusion of the latter, not to persist as a median
portion of the alimentary canal, bttt as a pair of tubes or ventro-lateral

mld-intestinal lobes, according to him, from each of which g. rows a ventral
hepatic diverticulum. Evidently his mid-intestinal lobes and hepatic diver-
ticula are nothing but two pairs of adult liver lobes. Therefore, if we
assu.me his mesendodermai cell mass to represent merely t.he mesoderm,
confining the true end6derm'dl elements to vitellophags, we arrive at the
conclusion that his transitory mid-intestine is -a true mid-intestine which
is to be replacecl by the e:todermal part <no endodermal part being present
in the adult intestine) ancl that the two pairs of liver lobes (instead of
mid-intestinal lobes and micl-gut diverticula) are derived from the pairedJrudi-

ments, differentiated from the compact mesoderm niass as epithelioid sheets.
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Thus the liver lobes of Isopoda may be interpreted exactly in the same way
as in Mysidacea with the only reservation in the fact that the intestine is
ectodermal througheut its whole length. At any rate, it is a remarkable
characteristic of ?eracarida that the iiver lobes originate from paired
epithelioid rudiments independent of the mid-gut, for such is also the case in
Amphipoda and Cumacea. 'The mesodermal origin of the liver appears
therefore to be rather probable i.n this DivisioR as MANToN says.
    Contrary to all authors' opinions on the endodermal origin of the liver
in Decapoda, SoLLAvD (1923) maiRtains a mesodermal origin in Leander.
MANToN (1934) refutes this view in her later treatise, pointing out his
erroneous conception on this point. EuPl2ausia (TAuBE, l915), Nebalia
(MAN'roN, 1934) and Squitla have also unquestionable endodermal iiver lobes.

Therefore in Malacostraca other than Peracarida, the development of the
liver is inseparable from that of the mid-gut.

    Among those orders which possess an endoclermal liver lobe, two types
may be distinguished ilt reg.ard to whether only the yoll< cel!s participate
in the formation of the mid-gut and the liver or, in addition to them, an
endoderm plate is present from the beginning.. The former type includes
the majority of Decapoda, and the latter Nebalia (MANToN, 1934) and Sqttllla.
HoWever, the difference does not necessarily imply a funclarnental g.i.gnifi-

cance, inasmuch as the endoderm plate is nothing but a compact mftss of
yolk cells. In the former type, all yolk cells, after being sccatterecl about,
concentrate•a.g.ain to form the mid-gut epithelium, while in the latter type
the formation of epithelium begins before all the cells are scattered. The
presence of the endoderm plate from the beginning is therefore merely a
result of the chronological overlapping of the two processes, namely, the
disperslon and the re-condensation of yoll< cells. Some differences may be
fouRd aiso in the method of condensation of the yolk cells: that is, by
means of i) a unipolar coRdensatioR of the cells at the base of proctodaeum
(Nebalt'a, MAN'roN, 1934; AtpJteus, HERmcK, i892), 2) a bipolar condell-
sation• at the bases of proctodaeum and stomodaeum (Mysis, WAGNER, 1895 ;
NussBAuM, 1887; Hemimysis MAN'roN, 1928; Squilla>, and 3) a multipolar
condensation (Crangon, KiNGsi.Ey, 1889; Palinunts, Doi-iRN, 1870; Gebia,
Bu'rscmNsKy, 1894).
    Although the development of the m{d-gut cceca or liver lobes is not
sttraciently clear in Eucarida, it is probable that severai pairs of (posterior)

liver lobes and a pair of anterior rnid-gut coeca are developed. The anterior
coeca in De:apoda are completely absorbed by the micl-gut during the
larval development, accordiRg to MANToN (1934). These cceca, however,
persist in the adult A]7ebalia ' (MAN'roN, 1934) as functional glands. In Squilla

they are merely a larval organ like in Decapoda. With respect to the
constitution and development of the posterior liver lobes, Sqallta is in exact
.n.ccord with Nebalia. In both cases the liver is formed as a pair of processeg

of mid-gut epithelium, extending as far as the posterior end of the body.
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     The greater part of the alimentary canai is derived from the ectoderm
 in Decapoda and Cunaacea, the endoderm being confined to the pyloric
 stomach. The Isopoda are further advanced in this direction, and the whole
 canal is lined with the ectoderm epithelium. In the other orders of Malaco-
 straca including Stomatopoda, however, the endodermal part occttpies the
. greater part of the intestine, the ectoderm reritaining only in a short rectum.

 As it may be clear from what has been stated, Sqttitta show.s the greatest
 resemblance to Nebaliacea more than to any other order, so far as the
 development of the digestive system is concerned; it accordingly retains
 rather primitive character.
     The coelom is formed both in Mysidacea 2aud Neba!iacea. Among
 Decapoda, it is present .in Astacus (REicHENBAcH, 1886) and Panulims (TERAo,
 l929), but is absent in AtPkeus (HERmcK, 18g2). Sqzfilla does not develop

 the ccelom in any segment. Even the aRtennal gland, the cavity of which
 i$ usually believed to represent a remnant of the coelom, lacks an
 intercellular lumen. The anal gland rnay not be homologous to a coelom,
 since it is derived from the post-segmentai tissue. The development of this
 glancl is without a paralle{ in other crtistaceans.

     The cauda! furca of mysid (MAN'ÅíoN, 1928), being simply an ectodermal
 structure, is cast off with the embryonic ecdysis. The same in Nebalia
 (MAN'roN, 1934) is supplied with a mesoderm from the telson and persists
 in the adult. In SqttiUa the furcca is merely a transitory structure, completely
 absorbed by the telson tiil the end of einbryonic life, as in Decapoda though

 it has a mesoderm.
     Simllarly to Leptostraca and Eucarida, Stomatopoda are deprived of
 paired dorso-lateral organs, tlte preseace of which constitutes one of the
 characteristics of ?eracarida. The median dorsal organ is present as in
 all other rnalacostracans in spite of KoMAi's (1924) statement of its absence.

     Nebaliacea, Mysidacea (MAN'poN, 1928, '34), as we!1 as Stomatopoda
                i develop the distinct seventh abdoininal segment which is never forme:l in
 other malacostracans. Although this segment is not represented externally
 in these orders except in the first, its presence is clearly indicated by the
 ganglion and by the mesodermal somite. These structures later fuse with
 those of the sixth segment ; no relic of the seventh segment remaiRs in the
 older larvae, except for the presence of the lateral vessels belonging to
 this segment, which will be given below. In Nebalia the ultimate segment
 persists externaUy even in the adult, though the ganglion fuses with that
 of the penukimate segment. The formation of the seventh segment is
 withotit doubt a primltive character.

     The constitution of the blood vessel of Sqttilta shows a reina.rkable
 difference from that of the other Crustacea. As stated before, till the time
 of hatching, the embryo develops oniy twp pairs of lateral vessels departing
 from the anterior and posterior ends of the dilated part of the heart. The
 Erichthzss-larva, however, is provided with a series of segrr}ental vessels
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issuing from a very elongated heart whicLt shows a clistinct carCliornere.
This has been repeatedly pointe[1 out by authors as representing a rather
primitive character. The cardiomeres of the larva and the adult, indicated
by the ostia, are rather indistinct in the posterior part of the laeart, owlng
to the disappearance'of the ostia in this part. But the se.rrmental arraRge-
ment of lateral vessels is well retained throughout the whole length of the
heart, in spite of the more or less anterior displacement of the posterior
pairs of vessels. Since the first of the fourteen vessels, departing from the
heart just behind its dilated part, bifurcates to form two branches which
make their way respectiyely te the base of the 'first and the second maxil-
lipecl, it is regarded as representing the unioR of two segmental vessels (cf.
CLAus, 1884; KoMAi and TuNG, 1931). The second to the thirteenth vessels
are respectively directed to the lcateral mar.gin of each segment from the
third thoracic to the sixth abdominal. The posterior end of the heart is
providecl with a median caudal aorta extending to the telson and with the
iast pair of latera{ vessels bathing the hepatic lobes found in this part of
the body. Without regarding this pair as the last of the segmental vessels,
CLAus (1884) calls it "hintere Herzarterie" iR contrast to the "Schalen-
arterie ", departing from the aRterior end of the heart. KoMAi and TuNG
(1931), however, have c6rrectly suggested that " they belong to the seventh

somite which of course remains united with the telson and in an uRdiffer-
entiated state" (p. i2). Thus in the !arva and even in the adult, the
presence of the seventh abclominal segment is indicatecl by this mesodermal

'structure in spite of its external absence.

    It is an interestinf.r ancl suggestive fact that such a systein of segniental
blood vessels has recently been discovereci by MAN'roN (1934), also in the
Nebatia larva. In this larva, the heart extends froiact the second thoracic
to the fourth abciominal segment- and sends off eleven pairs ef lateral arteries

corresponding to each segmeat.
    In the last embryonic period of Sqisilla, the first thoracic segment is

nearly completely separated from the cephalic region cltte to the displace-
ment of the base of the carapace fold to as far forwarcl a point as near
the antero-dorsal mar.crin of t'he segment. This strongly suggests that the
same segment of Nebalt:a <MAN`roN, 1934) is simitarly free-3 from the cephalic

shield. The condition makes a strikiltg contrast to that found in other
orders of Malacostraca in which the anterior several se' gments of the thorax
are fused in various degrees with the cephalon to form a cephalothorax.

    As enumerated above, Sqttilla, in its embryonic development, exhibits
rather markecl and even fuRdamental differences from Peracarid& while it
has a number of in(lubitable resemblances to Nebttliace.a on one hancl anCl

to Decapoda on the other hand. The coinmon characteristics in the
embryonic development betweelt each of these orclers aiid Stomatopocla
may be summed as follows :
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    Sq"illa agrees with Nebaliacea in 2) the constitution of the teloblasts,
2) the formation of the mid-gut and liver iobes, 3) the presence of the
seventh abdominal segment, 4) the development of cardiomeres and segmental
arteri.es, 5) the biramous antennule and uniramous aptenna and in 6) the
separation of the first thoracic segment from the cephalon.
    It resembies Decapoda in 1) its e_arly development up to the naupliar
stage, 2) the formation of the mesodermal yo!k cells, 3) the mode of formation
of the anterior dorsal vessel and in 4> the maintenance of the dorsal
curvature during embryonic life.

 - Yet Squilla ltas its own peculiarities such as, 1) the development of
the anal gland, 2) the absence of the ccelom and 3) the rudimeitary condi-
tion of the antennal gland.

    Attention may be called, however, to the fact that although the
resemblance of the embryonic development of Stomatopoda to that of
Decapoda seems to be largely due to the richness in yolk substance, the affinity

to the Nebaliacea is rather of a fundamental nature, as for example, the
presence of the seventh abdominal segment and cardiomeres. KoMAi (1924)
has pointed out the similarities of Stomatopoda to Decapoda, Schizopoda
and Nebcaliacea. He is essentialiy interested in its athnity to the last named
order, for he says, " this affords ainother support for the opinion of GRoBBEN,

who gives special emphasis to the affinity of these two orders " (Nebaliacea
and Stomatopoc13, p. 276). The present study fully substgntiates this view.
But, a$ it may be clear from the comparison ma.cle above, Sqt"llta has
hardly any cle3.r re!ationship to Schizopoda, the ye$emblance remaining
only superficial.

    The phylogeny of Stomatopoda has beein"epeatedly discusseaf from the
standpoint of comparative anatomy by authors such as BoAs (1883), CLAus
(1885), GpxoBBEN (1892, 19i9), HAEci<EL (l896), CALMAN (1904) and GmsBREcH'r
(1910). Since a good r6sum6 of these vjews is given by GRoBBEN (1919), I
shall noteater it here in detail. At any rate it is generally accepted that
Stomatopocla must have branched early from the main stem of Malacostracca
and have made development of thelr own. The embryological stttdy
of Sqttilta gives further support for this view. Tnasmuch as NebaL•ia occupies

the lowest position in the maiacostracan sub-class, the s!milarities in the
embryonic development of Squitla and Nebalia indicate that the former
seDt arate5 very early, or at least next after the latter from the main stem.
    MAN'roN (1934) expressed her beiief that Nebatia is most closely relate'3

to Decapoda, because it shares many features with this order. If so, it is
natural that in its embryoiaic development Squ•illa has something in common
with Decapoda. As Stated before, however, apart frorn some common
fe_itures among the three orders, the re'semblances betwee/i Decapoda ancl
Stomatopoda are apparent!y due merely to a paralleiism brottght about
{argely by the abundance of yolk; they are accordingly' of a rather superficia{

nature. On the other hand, there is nothing to substantiate the aMnlties
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of Stomatopoda to the orders of Peracarida. Moreover, the differences
between them are undoubtedly more or less fundamental ones, as exempli-
fiecl by the mesodermal derivation of the liver. Such.a difference is, without

deubt, due to a modificatian brought about in the phylogeny of the two
groups, and indicates the fact that the Peracarida have no direct rela-
tionship to Stomatopoda.

     A conclusion that Stomatopoda have the most intimate aMnity to
Nebariacea therefore seems inevitable. Stomatopoda are apparently a group
which has been separated only next to Nebaliacea from -the main stem lead-
ing to Eucarida and has made itg own development independent of other
orders.

R6sum6
     1) The egg of Settilla oratoria DE ItlAAN is ceiitrolecitha{ and under-
goes partial cleavage")' resulting in rudimentary primary yolk pyramids.

     2) The germinal disk is first represented by a pair of optic lobes and
a ventral plate, which are afterwa;d connected by paired, late.ra! ectoderm
thicl<enings to form a U-shape. The U is then transformea into an O by
the appearance of a transverse band between the eptic iobes of both sides.

     3) A small blastopore is formed. Of the mesendoderm cells derivecl
from the blastopoge by cell immigrations, those attachecl to the lower surface
of the lateral ectoderm thiclscenings are differentiatecl into a U-shaped,
naupliar mesoderpa band. This mesoderm band joins the preantennulary
mesoclerm deriye.1 from the optic lobe, and grows into a comp!ete ring
conforming to tlae shape of the germina{ disk..

     4) The extra-blastoporic immigrants consist of a preanteiinulary
mesoderm, mesodermal yolk cells and a part of the natipliar mesoderm. The
greater part of the preantennulary mesoderm cells disintegrate sooner or
later, without forming any distinct structure. The mesoclerma{ yoll< cells
also degenerate after taking part in the dissolution of the deutoplasm. A
di.sctission as regards the mtttual reTationship between these etenients, with
the conclusion that the formation of the preanteanulary mesoderm represents
the initial step of the extra-biastoporic cell sinking from the whole egg
surface, is included.

     5) The endodermal elements coRsist of a compact cell mass differen-
tiatecl from the posterior part of the mesendoderm layer and the eftdoderrnal
yQlk celis immigratecl 'from the blastopore. '1"he yolk ce!Is, after inigrating
through the most peripheral pa.rt of the yolk, scatter ali over its surface.
The eadode.rm plate is nothing but a mass of yoik cel!s• which remain
withotit scattering.
     6) Eight mesoteloblasts deriveaf from the blastoporic lip are '.attached
to the inner surface of'the thoracico-abdominaT process, mal<ing four groups.
The ectoteloblasts are differentiated from the ordinary blastoderm cel{s in
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a later stage than the mesoteloblasts. In the final condition they consist
of 21 cells foeming a complete ring around the thoracico-abdominal process.

 s 7) Both the ectoderm and the mesoderm are derive3 from the teloblasts
in all of the post-naupliar segments. The dorsal ectoderm, however, is
kon-teloblastic in only a Cew anterior seginents. Differentiation of segments
proceeds from the front toward the back.
     8) The telson mesoderm is formed by the cells sunk frorr} the telson
ectoderm which is derived from the peri-blastoporic ectoderm.

     9) The anus is the remnant of the blastopore. In accordance with the
change of the caudal furca, the anus is dispiaced from the dorsal side of
the telson to the ventral border between this aitd the last abdominal seg-
ment.
     10) Thereis a distinct nauplius stage. Of the meta-naupHar segments,
those from the maxiliula to the second maxilliped are laid on the germinal
disk, the foilowing segments together forming a thoracico-abdominal process.

Two maxiliiped segments, however, are later separated from the cephalon
with the devel•opment of the carapace fold, and join the trunk se.Trnents.
Externaliy, six abdominal segments are formed.
     11) The ganglioqic cells are proliferated from the neuroblasts occupy-
iRg the most superficial part of the central nervous system. The giant
ganglionic cells arise from the ordinary ganglionic cells and iiot dire:tly

from neuroblasts. The development of the cerebrum is described. The
tritocerebra of both sides are connected by a transverse ner've-fibre bundie
behind the stomodaeum. The ganglia of the segments from the mandible
to the second maxilliped first exhibit a typical ladder-like shape. ef these
ganglia, the anterior three coRstitute a sub-eesophageal ganglion by more
or less complete fusion, while the posterior two are transferred from the
cephaloR to the thoracico-abdominal process with the constriction of the
se.gments. The inter-gan.q.lionic cell groups take part iR the constriction
of the consectitive segments. The seventh abdominal ganglion is cleariy
indicated by the presence of such a cell group as well as of a pair of nerve
fibre masses.

    12> The development of the compound eye is traced. The ganglion
opticum is derived from the ectoderm of the optic lobe lateral to tke proto-
cerebrum; it is not an outgrowth of the cerebrum.
    13) The ganglion vttisceralum is differentiated fyoua the anterior wall
of the stomodaeum.
    14) A median dorsai organ is formed. In close connection with the
activity of this organ, the embryo undergoes one ecdysis.

    15) The mid-gut epithelium is formed by the gradual expansion of
the anterior and posterior endodei-m plates over the yoll< sac. These plates,
however, extend only on the ventral side• of the yolk sac before hatching.
The posterior plate is produced by the concentration of the scattered yoik
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cells toward the periphery of the plate-differentiatecl from the mesendoderm,
while the anterior plate is formed by yolk cells alone.
    16) The greater part of the intestine develops from the'outgrowt-h
of the posterior endoderm epithelium, the proctodaeum occupying only the
rectum.
    17) The posterior liver'lobes care produced from the posterior endo-

derm plate Fis a pair of blind tubes ancl extend as far b4ckwarcl as the telson.
The anterior liver lobes ancl the Iater.al mid-gut cceca are rather incompletely
developed, being separated by shallow superficial grooves of the yoll< sac.
These two pairs of diverticula are onty partiatly covered by the endoderm
epitheligm, and devblop into rnore or less distiRct cceca during larval life.
They later seem to be comp!etely absorbed again by the mid-gut.

    18) The product of each divisioR of'the mesoteloblast is equivalent
to ' orie mesodermal segment. The mesoderm of the seventh abdominal seg-
ment is derive5 from the posterioriy situated claughter cell ' produeed by the
last division ' of the teloblast. In accorclance with the grouping of teloblasts,
the trunk rnesoderm is separated into two ventral and two dorsal bands.
Each'band is further separated into segmentally arranged blocks, the somites.
The ceelom develops in no stage and in n6 segment.
    19) The dorsa{ meSoderm gives rise to the exteltsor and the oblique
muscles of the trui3k, the anterior and posterior limb muscles, as well as
to the mesodermal inclusion of the limb. The ventral mesoderm' grows
into the flexFor. The connective tissLie investing the intestine and the liver
lobes are principally constructed from the dorsal mesoderm. The germ cell
does not appear until hatching. A brief account is also given of the fate
of the naupliar mesoclerm.
    20) The heart wall and the pericardial fioor are morphologically one
unit.' They arise from the dorSal mesoderm as''a pair of membranes
stretching between it .and the intestine. The dilated and elongated parts o'f

the heart are formed by the subsequeltt tmion of these paired rudiments.
    21) The anterior dorsal vessel has a two-fold origin; it is formed by
the fusion of an anterior rudiment extending bacl<ward from the rostrum
and a posterior one developing as a tubular outgtowth of the heart. The
former is derived from the rearrangement of mesenchymatous cel!s which
migrated from the anterior end of the natipliar mesoderm.
    22) By the time of hatching, two pcairs of lateral vessels are forinecl

as hollow Iinear thicl<eniRgs of the pericardi.al fioor in front and behind tlae
dilated part of the laeart.

    23) The antennal gland rernains rudimentary without acquiring any
intercellular lumen. The maxillar gland is not laicl until hatching. The
labral ancl anal glands are derivecl froiin the peristomodaeal ancl the telson

mesoderm respectively.
    23) Comparisons are made bewteen Squilla and other orders of Malaco-
straca as regards the salient points of the embryonic development. These



           Stzsdies on tke Embryetogy of Sqi{illa oraieria de Haan 163

 have ied to the conclusion that the Stomatopoda are most closely related
 in their embryonic development to Nebaliacea, and further that Stornato-
 poda represent a rather primitive group separated from the main stem of
 Malacostraca very early, only next iR order to Nebaliacea.
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Explanation of figures

'

     List of abbreviations:•••••••••••••••-•-••••••

a, anus; a. d. a, anterior dorsal artery; a. gl. anal giand; a. Pg. c, accessory pigment

cell;ab, abdomtnal segmeftt; an. gl. antennal gland; an 1 or 2. antennule or an-
tenna. ant, anterior; ant. end, anterior endoderm plate; b. c, blood corpuscle; b. w,
body wall; bp, blastopore; bp', future blasteporal area; bp. a. area of extinguished
blastopore; c. ect. tel, central ectoteloblast; c. f, carapace fold; c. t, connective tissue;
card. cardiac stomach ; cc, crystailine cone; cc.c, crystalline cone cell; cer. cerebrum;

cg, corneagen celi;d. b. w. dorsal body wall;d. }nes. dersat mesoderm; d. 7nes. tel.
dorsal mesoteloblast; d. e, dorsal organ; dc. deuterocerebrum; dc. c, transverse con-
nective cellular band of deuterocerebrum; deg, degenerating cell ; degL degenerated
cell or' its disintegration procluct; e. s, eye stall<: e. y.. c. endodermel yolk cell; ect,

ectoderm or ectodermal cell ; ect. b. Iaterai ectoderm band; ect. ing, ectoderm ingrowth ;

ect. iel. ectoteleblast; ed. epidermis; eL h. elengated part of heart; end. endoclerm or
endodermal cell; eP, epipodite; ev. exuviae; ex, extensor; fl, flexor; f.v. thoracico-
abdominal flexure; g. ganglion; g. ab, abdominal ganglion; g. g c, giant ganglionic
cell; g. md. mandibular ganglion; g. 7nx 1 or 2, maxillularor maxillar ganglion; g.
mxP 1 or 2, maxilliped I or II gangiion; g. op. ganglion opticum; g. oP 1, 2, 3 or
4, lst, 2nd, 3rd or 4th segment of ganglion opticum; g r. germinal region; g. s. oe,
sub-oesophgeal ganglion ; g th, thoracic ganglion, g. vis. ganglion visceralum ; ii. heart ;

h. c; heart cavity ; h. w, heart wall ; i. g. c, inter-ganglionic Åëeil group; im, immigrating

cell; im'. immigrated ceil; int, intestine, l. fnes. Iimb mesederm; l. t. mes, liver tip

mesoderm ; L v. 1 or 2 lst or 2nd iateral blood vessel (arteria leteralis cephalica and
lst segmental vessel); lb. Iabrum; lb. gt, Iabral gland; l7n. b, limb bud; lm vn. Iimb

muscle; m, muscle; m. e, median eye; m. v, mid-ventrai region; md, mandible; mes.
mesoderm or mesodermal cell; fnes. tel. mesoteloblast; mesen, mesendoderm cells;
7nx Z or 2, maxillula or maxHla, ; mxp 1 or 2, lst or 2ndmaxilliped; n.f neuroglia
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fibrille; nb, neuroblast or neuroblast layer; nv' l-2 or 3-4. neuroblast laYer of lst-

2nd or 3rd-4th se.crments of ganglion opticum-; o. oral ape.rture;o. I, optic lobe; ob.

m, oblique muscle fibre group; oes. oesophagus; om. I. ommatidia layer; os, estium;
P. r. c. proximal retina cell; P. y. p. primary yolk pyramid; pa. }nes, preantennulary
mesoderm or mesoderm cell; Pc protocerebrum ;. per, pericardial cavity; Pex f. peri-
cardial fioor ; Pg, pigment; pg. c, pigment cell ; Pi. mes. periintestinal mesoderm ; Pl;

pleopoda;pos. end. posterior endoderm plate;Pos. Iiv, posterior liver lobe; PP. tnes,
periproctodaeal mesoderm ; Pr, proctodaeum; Pst. mes. peristomodaeal mesoderm; r.
c. retina cell; r. I. retina layer; r. s, rostral spine; rec, rectum; rh, rhabdome; s. mes,

suspending mesoderm; s. s, serum space; s. y. P, secondary yoll< pyramid; som, meso-
derm somite; st, stomodaeum; t, telson; t. mes. telson mesoderm; tc. tritocerebrum;
th. thoracic segment; th. ab. thoracico-abdominal process; tr. b. transverse ectoderm
band connecting optic lobes; v. tnes. ventral mesoderm; v. mes. tel; ventral meso-
teloblast; v. P, ventral plate; ves, vessel cavity; x. see text; y. c, yoll< cell; y. g,
alterect yolk granule ; y. s. yoik sac.

     Fig. 1. Seinidiagrammatic yepresentation of entire egg; stage 3. Å~80 ca.
     Fig. 2. Same; earlier period of stage 4. Å~80 ca.
     Fig. 3. Same;later period of stage 4. Å~80 ca.
     Fig. 4. Same;stage 5. Å~80 ca.
     Fig. 5. Sarne;stage 6. Å~80 ca.
     Fig. 6. Same;stage 7. Å~8e ca.
     Fig. 7. Same;stag'e 8. Å~80 ca.
     Fig. 8. Antero-ventral view ef entire egg;stage IO. Å~60 ca.
     Fig. 9. Postero-ventral view of same egg. Å~60 ca.
     Fig. 10. Ventral view of embryo just before hatching (extencled). Å~30,
     Fig. Il. 8-celled stage, with all blastomeres invlew. The blastomeres included
in the upper hemisphere above the equator are shown by dotted cells and those in
the lower hemisphere by clear ones. Numerals indicate the position of nuclei from
the uppermost towards the lowest in due order. x90.
     Fig. 12. Cut-128 cells in division, surface view. Å~90.
     Fig. i3. Stage of about 200 cells, surface view. Å~90.
     Fig. 14. The same in section, showing formation of primary yoll< pyramid. Å~90.
     Fig. I5. Last biastura, shovving the first rudiments o'Åí the germinal disk and
blastopore, surface view. Å~90.
     Fig. 16. Section of last blastura, showing extra-blastoporic immigration prior

to gastrulation. Å~310.
     Fig. 'l7. Longitudinal section through the lateral ectoclerm band, showing yolk

cells, including deutoplasm, and those disintegrating;stage 3. Å~310.
     Fig. 18. Longitudinal section through the mid-ventral region, shovving thesink-

ing of ectoderm cells; stage 3. Å~320.
     Fig. I9. . Longitudinal section of the extra-germinai re.crion just behind the blasto-

pore, showing tlie derivation of yolk cells from this region; stage .3. Å~310.
     Fig. 20. Transverse section cutting thelateral ectoderm and mesoderm bands;

stage 3. Å~245.
     Fig. 21. Longitudinal section passin.cr through sllghtly lateral side of the micl-

ventral line; stage 3. Å~245.

'//
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     Fig. 22. Lengitudina! section through the blastopore, showing sub-blastoperic
mesendoderm cell cemplex and mesoteloblasts; stage 2. Å~245.
     Fig. 23. Longitudinal section through the optic lobe, representing the forma-
tion of preantennulary mesoderm; stage 3. Å~245.
     Fig. 24. Longitudinal section through the ventral plate, showing the rudiment
of proctodaeum and posterior migration of the mesoteloblast; stage 3. Å~245.
     Fig. 25. Section showing agroup of ceils immigrated frora the extra-blastoporic
blastoderm prior to gastruiation; stage 2. Å~310.
     Flg. 26. LongitudiRal section of an entire egg through the blastopore, showing
an immigrant from the extra-germinal region;stage 3. Å~90.
                                                           .     Fig. 27. Higher magnification of the immigrant drawn in fig. 26. Å~310.
     Fig. 2& A yolk ceii lying below the extra-germinal region; Stage 3. Å~310.
     Fig. 29. Longitudinai sectien passing through the mid-ventral line of the embryO
in stage 4. Å~245.
     Fig. 30. Transverse section through the antennular segment of the embryo iR
stage 4. Å~245.
     Fig. 31. Transverse section throtigh the region of the optic lobe, showing the
degeneratlon of the preantennulary mesoderm; stage 4. Å~245.
     Fig. 32. Longituclinal section passing tkrough the mid-ventraMine of the embryo
in stage 5. Å~245.
     Fig. 33. Longitudinal section ef the thoracico-abdominal process, through tke
PrOCtOFdiagfU3Mt.; STt?gfis5v'ersl2s4e5c'tion of the inid_ventral region in front of the ventral

plate, showing the mesoteloblasts; stage 3. Å~245.
     Fig. 35. Longitudinal section through the naupliar appendages and optic lobe;
stage 6. Å~245.
     Fig. 36. Transverse section through the antennular segment of the embryo in

stage 6. Å~245. .     Fig. 37. Longitudinai section of the thoracico-abclominai process through a place

somewhat lateral to the middle iine;stage 6. Å~245.
     Fig. 3S. Transverse section of the thoracico-abdominai precess passing behind
the anus and slaowSng the teloblastic descendants;stage 6. Å~245.
     Fig. 39. Transverse section through the antennular segment of the embryo in
stage Z Å~245.
      ,     Fig. 40. A median longitudinal section of the embryo in stage 7. Å~245.
     Fig. 41. Longitudinal section througli the consecutive ganglia and the rudi-
ments of maxillula and maxilla, stage 7. Å~245.
     Fig. 42. Median longitudinal sectiop of the thoracico-abdominai process of an
egg in a stage somewhat earlier than that shown in.fig. 40; stage 7. Å~245.

     Fig. 43. Transverse section through the thoracico-abdominal process and the
maxilla rudiment of the egg of the same stage as that shown in fig. 42; stage 7.
Å~ 245.

     Fig. 44. Transverse section of the thoracico-abdominal process passing just
behind the anus; stage 5. Å~245.
     Fig. 45. Section of the optic lobe cut somewhat obliqueiy to its ionger axis,
showlng separate rudiments of the protocerebrum and ganglion optictirn; stage 7.
Å~ 245.

     Fig. 46. Surface view of the cerebrum of the stage Th 3. Å~220.
     Fig. 47. Same of stage Abd 2. Å~120.
     Fig. 48. Same of stage L, Th 2. Å~120.
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     Fig. 49. Same of stage L, T. Å~120.
     Fig. 50. Transverse section through the protocerebrum, showing the neuroblast
layer; stage Th 7. Å~245.
     Fig. 51. lrransverse section through the deuterocerebrum, showing the joining
of the connective part with the cerebrum; stage Abd 2. Å~245.
     Fig. 52. Transverse section of the protocerebra, $howing the addition of the
new ganglionic elements to the lateral and internal surfaces of the cerebrum ; stage
Abd5. Å~245.
     Fig. 53. Sagittal section of the optic iobe, showing the cell sinking from the
retina layer, and the formation of the 3rd and 4th segments of the gan.crlion opticum ;

stageZ Å~245.
     Fig. 54. Sagittal section of the optic lobe in the stag-e after the differentiation

of the retina layer and the neurob}ast layer of the lst and 2nd segments of the gan-
glion opticum; stage Th 2. Å~245.
     Fig. 55. Distal part of the sagittal section of the optjc lobe, showing. the
formation of the 2nd segMent of the ganglion epticum;stage Th 6. Å~245.
     Fig. 56. Same, showing the formation Of the lst segment of the ganglion
opticum; stage Abcl 4, Å~245.
     Fig. 57. Saine, showing the folding bf the neuroblast layer of the lst ancl 2nd
segments of the gang.lion opticum;stage Abd 6. Å~245.
     Fig. 58. Paratangential sectlon through the median eye in the early sta.cre of
pigment secretion; stage L, Tli 2. Å~245.
4. xif8gol 59• SUrSace view of the anterior part of the ventral nerve cord; stage Abd

     Fig. 60. IN4edian lengitudinal section through the dorsal part of the thoracico-
abdominal r'udiment and the maxilliped region of the germinal disk, showing the
first appearance of the inter-ganglionic cell groups; stage Th 8. Å~245.
     Fig. 6L Median longitudinal section througla the thoracico-abdominal process
and the post-stomodaeal region of'the germinal disk, showing the ganglia and the
inter-ganglionic cell groups; stage Abd 4. Å~245.

     Fig. 62. 'Median longitudinai section through tlie posterior abdominal ganglia,
Showing the presenÅëe of the 7th abdominal ganglion indicated by the inter-ganglionic
cel} group; stage L. Al)d 6. Å~245.
     Fig. 63. Three sections lateral tothat shown in thepreceding figure. The 7th
abdominai ganglion is indicated by the nerve fibre mass; stage L, Abd 6. X245•
     Fig. 64. Longitudinal section through the stomodaeum, showing the formation
gf.lliii.e,.n8E;e.gP,Ie,:.iggS,(:,th,g vLss2ggi gan.giion which is not yet separated from the

     Fig. 65. Longitudinal section through the stomodaeum of the stage L, Abd 6.
Å~ 245.

     Fig. 66. Section of the lateral margin of the optic lobe, showing the develop-
ment of the ectoderm fold•and the accessory pigment cells: stage L, Th 8. Å~245.

     Fig. 67. Longitudinai section in front of the protocerebrum, showing the forma-
tion of the rostral spine;stage L, Th 5. Å~245.
     Fig. 6S. Sagittal section of the eye-stall< of stage L, A})d 6. Å~245.

     Fig• 69. Section of the ommatidia layer oÅí the compound eye taken from the
eml)ryo ready to hatch. Å~360.

     Fig. 70. Section of the distal part of the eye-stalk of the embryo nearly ready
to hatch, showing the accessory pignientcells. The specimen was depiginentedwith
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MAyER's method; the visual eiements and the ganglionic celis are not represented.
Å~245.

     Fig. 71. Part of the transverse section through the protocerebral region show-
ing the giant ganglionic cell and anterior endoderm plate: stage L, Th 1. Å~245.
     Fig. 72. Same taken frofn a more advanced embryo, showing the formation of
the anterior liver lobes; stage L, T. Å~245."
     Fis. 73. Section showing the dorsal organ;stage Th 8. Å~245.
     Fig. 74. Part of the transverse section through the antennal segment, showing
the first rudiment of the antennal gland; stage Th 8. Å~245.
     Fig. 75. Section of the antennal gland of the stage just before hatching (L, T).
Å~ 245.

     Fig. 76. Surface view of the thor•acico-abdorninal process, showing the differen-

tiation of the teloblagtic rows; stage 5. Å~310.
     Fig. 77. Ventral view of the termlnal part of the thoracico-abdominal process,
showing the completion of the teloblastic rows; stage 7. Å~310.
     Fig. 78. Longitudinal section of the thoracico-abdominai process, representing
the formation of the mesodermal sorpite; stage Th 4. Å~245.
     Fig. 79. Transverse section oÅí a thoracic segment, showing the mode of forma-
tien of the periintestinal mesoderm; stage Th 6. Å~245.
     Fig. 80. Same, showing another source of the periintestinal mesoderm; stage
Th 4. Å~245.
     Fig. 8L Transverese section of an undifferentiated segment, showing the mutual
relation between the dorsal and ventral mesoderms; stage Th 6. Å~245.
     Fig. 82. Transverse section of the lst abdominai segment, showing the forma-
                                                                     'tion oE the limb mesoclerm;stage Abd 4. Å~245. •
     Fig. 83. Same, showing the separation of the rudiments of the extensor ancl
fiexor of the pleopod; stage L, Th, 5. Å~245.

     Fig. 84. Same, showing the forrmation og tlie limb inuscle and the completion
of tl}e heart wall; stage L, Th 8. Å~245.
     Fig. 85. Transverse section of the 4th abdominal segtnent cutting through its
anterior region;completed condition of the segment;stage L, T. Å~245.
     Fig. 86. Longitudinal section through the te!son showing the immigration of
the telson niesoderm;stage 7. Å~245,
     Fig. 87. Transverse sectioR cut througha line near the anterior margin of the
teison, showing the proctodaeum and its investment of the telson mesoderm; stage
Th 6. Å~245.
     Fig. 88. Transverse section passing just in front of the anus, showing the com-
mencement of the formation of the anal gland. Note the dersa! expan$ion of the pQs-
terior attachment og the fiexor: stage Abd 6. Å~245.

     Fig. 89. Section showing the formation of the analgland;stage L, Abd 1. Å~2t15.
     Fig. 90. Longi#udinal section of the terminal part of the thoracico-abdominal
process, representing the deve}opment of the rttdiment of the oblique muscle group;
stage Abd 5. Å~245.
     Fig. 91. Tran.sverse section passing just in front of the anus; stage L, T. Å~245.

     Fig. 92. Transverse section passing through the lst and 2nd maxilliped rudF
ments; stage 7. Å~245.
     Fig. 93. Transverse section of the region dorsal to the base of tlae maxillipeds,
sltowing an earlier phase og heart formation; stage Th 8. Å~245.
     Fig. 94. Sarne, showing asomesvhat advanced stage of the heart formation;
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stage Abcl 1. Å~245.
     Figs. 95-99. Semidiagrammatic representation of the censectttive stages in the
formation of the anterior dorsal artery.
     Fig. 95. Antero-dorsal view of an embryo in stage Abd 2. Å~60.
     Fig. 96. Postero-dorsal vie'w of same embryo. x60.
     Fig 97. Dorsal view of an embryo of stage Abd 3. Å~69.
     Fig. 98. Same oÅí stage Abd 6. Å~60.
     Fig. 99. Same of a stage•just before hatching. Å~60.
     Fig. 100. Longitudinal section of the proximal part of the thoracico-abclominal
process, showing the heart and tl•ie posterior li ger lobe; stage L, Th 5. Å~245.
     Fig. IOI. Longitudinal section of the entire egg of stage 4, showing the di$tribu-
tion of the endodermal yolk cells. The black spherules indicate the ectoderm nuclei
and the white ones the mesoderm nuclei. Å~90.
     Figs. 202-106. The ectederrnai part is shownin blaclc (black spherules indicat-
ing the nuclei), mesodermal part is striated and the endodermal part is rePresented
by stlppied cytopiasm with white nuclei.
     Fig. I02. Longitudinal section of the embryo of stage 6, showing distribution
of the endedermal yolk ceils. Black spherules indicate the nuclei of prectodaeum.
Å~90.

     Fig. 103. Longitudinal section lateral to the middle line, showing the constitu-
tion of the nervotts system; stage L, Th 2. Å~120.
     Fig. 104, Median iongitudinal sectioR of the same embrye. Å~120.
     Fig. I05. Median Iongitudinal section of the embryo in stage L, Th 6. Å~220.
     Fig. 106. Transverse section of the posterior part of the pretocerebral region;
stage L, Th 6. Å~120.
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