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INTRODUCTION

Duxring the spring of 19556, whlle attending classes at
the Pacific Marine Station; undex the direction of
Dy, Alden E, Noble; Chalrman of the Department of Zoology,
College of the Pacific, Urechls caupo was introduced as a
representative of the fauna of the mud flats 6f Tomales Bay.
The unusual manner Iin which this animal lives would stimu-
late the curlosity of any student interested in bilology,
and especially thope assoclated with marine life. The
fact that the animal burrows its own home in a U-shaped
tunnel and dvwells there with three permanent commensals
(Hespexencd adventox, Skogsberg, a polynold annelid; and
% pinnotherid crabs, Secleroplax granulsta, Rathbun, and
Pinnixe frangiscana, Rathbun) is a unique characteristlic.
The goby fish, Clevelandia los (Joxdon and Gilbext), may
also be considered a commensa), but it uses the burxow as a

retreat rather than a permanent residence (Fisher, 1946).

Studies on the sarly embryology of Urechis stimulated
the writer to further study of the reproductive cyele. The
puzzling descriptions and information pextalning to the
immature gometes that ars found in the coelomic fluld,

coupled with the fact that no permanent gonad has been



observed orx indeed; that it may be wholly lacking,
supplied a challenge that he could not ignore., The
primary purpose of this investigation is to attempt to
evaluate the reproductive cycle and to attempt to locate

some type of germinal epithelium,



URECHIS CAUPO

Historical Review

According to Fisher (1946); the first specimens of
Urechis caupo were collected in 1903 by C, 8. Thompson, at
Morro Bay, California, These Ilndividuals were brought to
Stanford University where they sre apparently in a good
state of preservation, In 1920, Fisher found an individual
in Elkhoxn Slough, lonterey Bay, California, A few years
latex, M. B, Johnson (1927), collected some specimens from
which the figures in "Seashore Animals of the Pacific
Coast" vere drawn. In 1983, a Ureghis was brought in by
flounder fishermen from the sea bottom off the Hopkins Marine
Station, However, 1t was not until 1926 and 1927 that these
particular animals were studied intensively. G. E.
MacGinitie, working in connection with an ecological
exploration of.Elkhorn Slough, sponsored by the Hopkins
Marine Station, found them in quantity. Through collabora-
tion with W, K, Fisher, he has discovered nearly every
ecological factor pertaining to Urechisg gaupo known at the
present time. DBy the year 1931, the blood pigments of
Urechis had been Investigated by J. P, Baumbexger and Leonox
Michaelis; the muscular activity and oxygen consumption by
V. E, Hall; and the respiratory function of the blood by



A, C, Redfield and Marcel Florkin, In the early 1930's,
W, W, Newby began his thorough study of the embryology of
Urgchis and in 1940 produced ons of the more outstanding
works on the embryology of an invertebrate. G, B,
MacGinlitle (1935), published two unlque woxrks concerning
the normal functioning and experimental behavior of the
spexrm and egg collectors in Urechis, and the rearing of the
larvae of Urechis gaupo within the blood cavity of the
adult animal., later, in the early 1940'9; both MacGinitie
and Newby worked respectively on the size of the mesh
openings In the mucous feeding net and the development and
structure of the glime-net glands of Urechis. ©Since 1947,
investigations concerning the reactlons of Uraechls eggs to
particular stimull, such as ultra-violet 1light, have been
pexformed, Also, & great deal of woxk has been done
concerning the respiration and cell division of the mature

ova (Erik Zuthen, University of Copenhagen, Denmark).

Desexiption

Urechis caupo ls an unsegmented, bilateral, fusiform
or sacculiform animal with an antexriox mouth situated within
a probosecdis, and a posterior anus. The average length is
150-180 mm. (MacGinitie), and the width varies from 20«55 mm.,

depending upon the state of contraction. Lxternally, 2
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setae are sltuated about 3-5 mm, behind the groove leading
to the @outh and 10 ox 11 are encirxcled around the anus.
Hovever, there 1s nb mid-ventral seta in the anal group.
Three palrs of nephrostomes are present; these are the
external ostle foxr the nsphridia and are situated in two
rows behind the anterlor setae. The body 1s covered with a
rough, rugose-type cutio;e. Internally, a long divided
1ntéstine lg present, with a hind-gut adapted for resplra-
tory functions, The intestine is supported by muscular
masenteries which are attached to the body wall., Two anal
vesicles, which are retroperitoneal, are situated in the
posterior part of the animal, amni communicate wlith the

cloaca.

Three pairs of nephridias, with theixr collecting
organs, hang freely in the coelomic cavity by attachment of
the nephrostoma; and may extend tuwo-thirds the length of the
animal, The coelom is lined with an epithelial peritoneum
and, within the coelomic cavity, there will be found some
16-40 ml., of coslomic fluid, bright red to almost black in
¢olor. In very immature individuals, the coelomic fluid
mai not be so plgmented, but may be a light grey oxr yellow
in color. This was obgerved in an animal about 3% mm. in
length, This fluld represents the clrculating blood, for

the animal possesses no blood vessels. The coelomic fluld
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is composed of a plasma comprising approximately 70% of the
total volume and the various cells (blood cells, amoeboid
cell, and reproductive cells) about 20%., The erythrocytes
occupy from 18-40% of the total volume., A grey oxr plnk
layer of rather variable volume containing reproductive and
other cells; separates between the red cells and plasma on
gettling, or by centrifuging. The plasma does not clot ami
is straw colored. The erythrocytes are either reddish or
brown, each with & small nucleus, and may be as large as
36 microns in dlamgter. They are lrregular In shape
(stained preparations), from circular to almost oval and
have been described as being subecixeular (Fisher and
MacGinitie, 1928). They contain hemoglobin (Redfileld and
Florkin, 1931), and large refractive granules which may be
related to hematin (Baumberger and Michmelis, 1931). Thexe
are numexous types of cells whlech may be fuslform, spindle
shaped, or oval to circular, which have been classified as
amoebold., These are yellow when agsregated (Fisher and
MacOinitie, 1928), The nervous system is composed of &
nerve ring which surrounds the pharynx, snd continues

posteriorly as a single ventral nerve,

The inclusion of gamates with blood cells in a
circulating medium is & unique situation. The origin of

these gametes and thelr entry into the coelom poses a
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problem which it 1s hoped this investigation may help solve.

Gollection of the fHpeglmens

The animals used for this lnvestigation were
obtalned from the mud flats of Tomales Bay, California,
where they are abundantly found on the east shore llne
acroés from Felican Point, All were collected betwean
=0.1 to -0,5 £t. tides during the fall and spring of 19566
and the spring of 1967, The animals are located by thelr
characterlistic buxrow apertures with fecal castings usually
surrounding them., When collecting, the operatox can sitherx
dig out the buxrov by following 1t to the locatlon of the
aninal, or a rubber hose at least } in. in diameter can be
used, When using the hoaa; the oparatox forces 1t into
tha burrou; at the same time blowing through it, until it
cannot be forced any further. By digglng carefully to the
end of the hose, the anlmal can usually be found there,

with its body expanded against the burrow wall.,



MATERIALS AND METHODS

For preliminary cbservation of the coelomic fluld,
Glemsa's Stain was used to differentlate the different
types of cells. Thick smears were fixed in Schaudinn's
Fluid for 15 minutgs. The sllides were then immersed in a
70#% alcohol-Lugol's lodine solution for 15 minutes, followed
by a 15 minute soaking in tap water, They were then stained
in dilute Glemsa for 20-30 minutes, and then dehydrated in
a graded serles of acetone-xylol solutions., Clearing was

done in xylol for 5 minutes, and the mounting in balsam.

Wright's Stain was used to substantiate the data
obtained with Glemsa's Stain, using a dry smear instead of
a vet-fixed smear, A smear was air dried and then flooded
with thoroughly ripened Wright's Stain for 45 seconds. An
aqual amount of distilled water was added to the staln fox
B'minutes. The smear was then washed thoroughly in running

tap water, and allowed to dry.

Wet Heldenhain's Iron Haematoxylin Stain was used to
differentiate the structure of the nucleus and nuclear
inclusions. Mo drops of coelomie fluid was mixed with a

like quantity of Meyer's Albumin and then fixed in



Schaudinn's Fluid for 5 minutes. The Meyer's Albumin was
used to ald the fixation of the smear on the slide, as the
smear was often washed off the slide during differentiation
in iron alum. The preparations were then transferred lnto
a 70% alcohol-Lugol's iodine solutlon for 10 minutes. The
smears were then hydrated in 50% alcohol for 6 minutes and
washed in running tap water for 6 minutes. The slides were
trangferred into a £% iron alum solution for 16-20 minutes

~ and washed agaln in tap water for 5 minutes. The prepaxa-
tions vere stalned for 20-40 minutes in thoroughly ripened
Heldenhain's and washed in running water for 5 minutes, A
2% iron alum solution was used to differentiate or destaln
the Heldenhain's (use & different iron alum solution for
differentliation then was used as a mordant)., The differ-
entiated smears were then washed in running tap watex for
15 minutes and dehydrated with alcohol solutions, Clearing

was done in xylol for 5 minutes, and the mounting in balsam,

For preliminary observation of the epithelial lining
of the coelom, scrapings were made by using an prdin&ry
glass slide. The animsl was incised frxom anterior to
posterior on the mid-ventral line. The coelomic fluld vwas
washed out thoroughly with sterile or boiled sea water,
Using the longer edga of a glass sllde, 2 or 3 scrapings

were made from mid-dorsal to mid-ventral on the inner
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lining of the coelom to ramove most of the remaining
coelomic fluid. With another slide abrasive scrapings were
made in a localized area near the posterior of the animal,
and the materlal was smeared on the slide., The scraped
material was fixed in Schaudinn's Fluid, using Meyexr's
Albumin to maintain the smear on the slide, The slides
were continued into the same process as used in the Vet

Heldenhain's Stain.

For further study of the epithelial lining of the
coelom, a one inch square section of body wall was removed
and fixed in F,A,A, for 12 hours, The lnner lining was
removed with the aid of a scalpel and stained with Helden-
hain's Iron Haematoxylin, The only difference is that the
tissue was handled grossly instead of being fixed on a
slide. A remaining portion of this tissue which was not
stripped of 1ts epithelium was prepared by sectioning and
stalned with Heldenhain's, Transverse and longltudinal

sactions at 15 microns vere made.

Using a male animal, a section was removed from the
posterior~ventral body wall. The tissue was flxed in the
same mannexr as in the previous paragraph and frontal

sections vere made at 10 mlcrons.



DESCRIPTION

Mature Ova fxom the Nephridia

The mature, unfertilized ova, as obtainad from the
nephridia (Plate 1), are spherical in shape with concave
depressions which may or may noct be related to the polarity
of the cell, Tyler (1931; 1932a), Tayloxr (1931). According
to Taylor (1931), the average dlameter of the egy 1s 128.3
(123-144) microns, However, other normal ova may be even
smaller. The egg is completely surrounded by a vitelline
membrane which is separated from the cytoplasmic portion by
a perivitelline space, According to Tyler (1932¢), the
vitelline membrane is 0.3 microns thick and the perivitel-
line space is about 1.0 micron thick. The germinal veslcle
may be Spnerical; ovoid, or amoebold in shape and averages
55 (40-70) microns in dlametex. The nucleolus (Flate 1V,
Figure 1), is spherical to ovoid and averages 1.0 (8-12)
microns in diameter, Within the periphery of the nucleolus
is a large, spherold, nucleolar inclusion, 4,8 to 5.4 microns
in dlameter; this inclusion has a reticular chromatin
pattern, and a spherical concentration of chromatin material.
Throughout the cytoplasm of the unfertilized egg, relatively
large, red, pigment granules are irregularly distributed.
According to Baumberger and Michaelis (1931), these red



12
granules are masses of hematin and are probably ralated

chemically to the respiratory pigment of the erythrocytes.

The developing oocytes found within the coelomic
fluid (Plate 1I; Plate II1) are distributed singly, and in
relatively small numbers as related to the erythrocytes.
The youngest (Plate III, Figure 3) are about 10 microns in
dlameter and can be distinguished from the red cells by
their larger and more veslculax nuclel (stained preparations).
When Giemsa's Stain 1s used, the cdceytes arxre stained blue
and, on occasion, blue-green, which readily distingulshes
them from the ambsr stained erythrocytes. The erythrocytes
contain large refractive granuleé, which also ald in
distinguishing them from the odeytes, O0Oocytes larger than
50 microns (fixed material) (Plate I1), possess conspicuous
vitelline membranes which are either absent or difficult
to sea in smaller cells., The nucleus possesses a rigld
nucleax membrana; upon which may be found packets of
chromatin material; such concentrations of chromatin are
very consplcuous in cells under 30 microns in diameter,
Within the nucleoplasm of the larger cells (diameter moxe
than 90 microns), there are several inclusions which appear

to possess chromatin granules (Plate II), A nucleolus is
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present within, and there is an incluslon with a thread-
like chromatin pattern (Plate 1V, Figure 2). The cyto-
plasmic portions of the youngest odcytes are either lacking
plgment granules or the granules are not congplcuous. Howe
ever, the medlum and larger ones contain numérous granules.
With Giemsa's Staln, these granules appsar bright red as
related to the bluish stained cytoplasm,

In the coelomiec fluid, very few ova are found which
possess the concave depressions. Accoxding to MacGinitie
(1935a), the functional collscting oxgans are selective in

extracting only those ova which possess such depressions.

Qocytes from Coelomic Wall gcraplngs

Seraplings of the ventral portion of the coelomic wall
revealed the presence of several clusters of oocytes which
were more concentrated near the posterior end. These
clusters of cells are reprasented by groupings of fxom 12
to 20 cocytes. The smailar cells are 5 to 6 microns in ‘
diameter, while the larger ones measure & to 9 microns,

One particular cell had a nucleus and nucleolus of 6.4 and
2.4 microns in diameter, respectively. These cells are gray
as compared to the more amber stained erythrocytes and

possess larger, more veslcular nuclei. An exrythrocyte
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with a diameter of 24 microns possesses a nucleus wWith a
dlameter of 4,8 microns, which eliminates the possibility of

these cells belng immature red cells,

Maleg Gametas in the (oslomic Fluid

. The gemetes of the male Urechia are strikingly
different from those of the female. Instead of being dis-
tributed singly throughout the coelomic fluld, the
developing spermato¢ytes are packed into irregular aggregates
of from some 20-100 cells., These clusters appear to be
transitional stages of spermatogenesis, There are three
principal types of clusters: the first, which possesses, in
most cases, the primary spermatocgytes; che second, which
possesses the transiltional secondary spermatocytes; and
the third, which contains the developing spermatids and
spexrmatozoa, In many cases, however, all of these stages

are found to be in one particular aggregate,

Within the clusters of transitional secondary sperma-
tocytes and spermatids there are relatively largs, fine,
granular-type cells, which may perhaps he considered
nutritive calls, These might be the remains of the discarded
cytoplasmic portions of the cells in thely process of melosis.

This interpretation was made by observations of stained
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material obtalned from the coelom of these animals.

Iron Hematoxylin was used to observe the nuclear
structure., The progressive decrease In the size of the
nucleus corxrelated with progressively increased density aided
the writer in his designations of c¢ells as specific stages
of spermatogenesis, In fresh, unstalned coelomic fluid the
mature spermatozoa not yet extracted by the ccllecting
organs (MacGinitie, 1935a), can be seen moving in a jerky

motion throughout the medium,

The mature gpermatozoa, as obtained from the nephridia
(Plate VIII), measure approximately 2 microns across the
head and about 2.4 microns through the longer axis of the
head. According to Newby (1940), the concave depression is
about 0.4 microng in depth (a fifth of the length of the
head)., The flagella vary in length, but apparently reach
no more than 10 microns (Newby, 1940). At the base of the
head there is a middle plecae, which seems to support the
flagellum; it 1s about 1.5 microns in length,

The heads of the immature or developing spermatozoa
(Plate VII, Figures 2, 3, and 4), are about 3.5 microns
through the longer axis and about 2.8 microns acroes, with
concave depressions at the anterlor end. The cytoplasm is

almost completely absent end, according to Newby (1940),
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different stages in the development of the flagella are
conspilcuous. The spermatids (Plate VII, Figure 1), average
4.% (3.6-4.8) microns in diameter, with a nucleus which
averagas about 5,2 microns. The cytoplasmic portions are
raduced but are still consplcuous, and a definite oval
shape 1s characteristic of this stage. The nucleus is
densely packed with chromatin and might be best described

as a mass of granular chromatin material.

The secondary spermatocytes (Plate VI, Figures 1 and
2) avaraga 5.6 (4.8-6,4) microns in diameter with & nucleus
averaging 4 microns, Less cytoplasm is present, and the
nucleus possesses 8 finer, more dense, reticular-type of
chromatin pattern than noted in primary spermatocytes.
Most of the secondary spermatocytes appear to be in a stage

of meiotic division.

The primary spermatocytes (Plate V, Figures 1 and 2),
average 10.5 (9.7-11.3) microns through the longest axis,
with 2 nucleus which averages 8 (7.2-8.,8) microns. The
cytoplasm 1s finely granular and within the nucleus the
chromatin is dispersed with broad ribbons; conspicuous

loosely packed, knot-like areas are present,



DISCUSSION

Mature ova and sparmatozoa were taken from the
nephridia (storaga organs) of dissected individuals in an
attempt to determine the normal nueleaxr structures and
charactexs of the eytoplasm. Most of the ova obtalined
possessed consplecuous concave depressions; not infrequently,
however, an almost spherical egg could be observed. The

.nucleus was nearly always half the dlameter of the cell and
possessed a conspicuous nuclsolus. Within the nueleolus,
inclusions were pre¢sent, The cytoplasm contained character-
istic refractive granules, Each cell was surrounded by a
vitelline membrane which was separated from the call by a

'perivitelline gpace,

The oocytes found In the coelomic fluid range in size
from that of mature ova (120 micrbns) to the youngest cells
which vere about 10 microns in dfameter. The largexr ococytes
usually appear singly; the youngsr cells (10-15 microns in
diameter), infrequently appear in groups of fouxr ox five
cells. Probably the younger calls increase in size by
addition of cytoplasmic and nuclear materials presumably

obtained from thas coelomic fluld.



18

The developing male gametes found in the coelomic
fluid, range from primary spermatocytes to mature spermato-
zoa. The developing male gametes are grouped into three
distinet aggregated types: the primary spermastocytes, the
transitional secondary spermatocytes, and the spermatids
and spermatozoa, Most of the eells in the primary clusters
appear to‘ba resting stage primaxy spsrmatocytes, but
infrequently a cell will be observed in meiotic division.
In one particular cluster, a cell with two nuclei was
observed, which might represent the telophase stage of
meiosls and the origin of secondary spermatocytes. The
transitional secondary aggregates are composed of dividing
sacondary spermatocytes and their transition into spsrmatids,
The spermatids and developing spsrmatozoa are grouped into a
third type of cluster. Epermatozoa are also observed freely

moving throughout the coelomic fluid.

It should be understood that the male gemetes demon-
gtrate a successive pattern of spermetogenesis and, commonly,
primary and secondary spermatocytes together with spermatids
and spermatozoa are observed within a single colony. From
this observatién, there 1s a possibility that the primary
spermatocytes are proliferated continually Into the coelom
ag colonles and deveiﬁp into mature spermatozos within the

same coleny. Investigations on seventeen males during both
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the spring and fall of 1956 and the spring of 1957 showed
that all stages of development wexre present in each
animal. The relative ratio of types of colonies was
approximately the same in each individual, which might
indicate proliferation of primaxy groups duxing all seasons

of the year.

Accoxrding to Newby (1940), a statement concerning
the temporary appearance of a gonad was made, If a
temporary gonad wexe to appear and disappear seasonally,
or perhaps only once; 1t would sesm that, within & single
individvual, nearly all the same stages of development
would appear at once., Since this was not observed in this
investigation, there is possibillty that the gonad or
germinal epithelium proliferates immature gametes throughout

the entire year,

Agsuming that proliferation of these cells might
occur within the body wall of the individual, scrapings
of the epithelium were made in localized areas. It was
found that an area on the intexrlor-posterior-lateral
portion of the body wall ylaelded four sggregates of what
appear to be immature odcytes. The relative size and

characteristics of the nuclel indlecated that they were



odcytas, The diameters of the nucleil were larger in
odcytes than wsere these structures in the mature
arythrocytes. No othexr cells found in the coelomic fluid
have nuclel resembling those of the oocytes., The grey
color, which is a unique character of these cells when

stalined with Heldenhain's, is also an obvious charactexr.

The latero~posterlior portion of the body wall was:
exeised and removed from a single female whose maximum
~contracted length was not more than 50 mm. Approximately
one-fourth of this nsrea was stripped of its eplithelial
lining and stained with Heidenhain's Iron Haematoxylin.
Many cells were found resembling immature cocytes; their
diameters ranged fiom 4 to 6 microns. The nuclel of thase
¢ells were wilthout any appreclable cytoplasm and the
nuclear structures were difflcult to differentiate. Small,
budded bodlies were observed upon a strand of what
appeared to be muscle tissus, but no nuclel could be

distinguished,

Obsexvatlons of the sectioned material from the
latero-rosterlior poxtion of the bedy wall in a single
female revealed no identifiable bodies which ware

raproductive Iin origin,



Obgervations of the sectioned material from the
posterior-ventral body wall in a mature male also revealed

no ldentifiable hodies which were reproductive in origin.

AN
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SUMMARY

l. The nephridla of Ugrechis caupe contain mature gametes.
They have been selectlvely extracted by the collecting organs
from the coelomic fluid.

2, In male individuals, three types of reproductlve
colonles are evident; these demonstrate gametogeneslis from

primary spermatocytes into spexrmatozoa.

3. In females, oocytes ranging from 10 microns to mature

ova of about 120 microns are found,

4, Immature odcytes ranging from 5 to 8 mlcrons wexe
observed by scrapings made from the epithelial lining of

the coelom.

5, WNo reproductive cells viexe found in sectlons of body
wall in the posterilor-lateral position of elthexr female ox

male individuals.
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EXPLANATION OF THE PLATES

All of the figures and plates are composite drawings
made by observations through a 97X oll immersion objective

and a 10X ocular,

Abp;gxiat;gggz
Clyvnsntnossusnnccsnmanns Chromatin
Co Dyvsuvonannnpunnmnasan Conecave depression
Co Pommmmamnc e nea Connecting plece
CYylommmmmmcnc . ~Cytoplasm
Flymmmanwoncocanmnaneneaailagal lun
Gy Vimsnmansnne - - o e Germinal vesicle
Hewomnonsnnancncnnamnnnam Head
Nyrornnccnacaascaannevens Hucleus
Ne Tymmommnnannnncnnnann. Nueleaxr inclusion
Ne Myowmsonocacusanns -=-==-Nucleary membrane
Nucleol ,«~www~ wmwsewe=sasNucleolus
Nug, Iyemecacavaaconnnaaaucleolar inclusion
Py Gememwecamancaccnnnaen Plgment granule
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Ve Myomemew - 0 v Vitelline membrane



Plate I,

Diagrammatic hemisected mature ovum as obtained from
the nephxidia, x 1000. The concave depression and
relative distribution of plgment granules axe

demonstrated.,
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L.

" Maturing ooeyte as obtained within the coelomic fluid,
x 1000, The vitelline membrane, perivitelline space,
and nueleaxy inclusions are demonstrated. |
lMeasurements: /
Diameter of G8ll-memwe=w-mecmena- -105 microns
Diameter of nucloug~=eccnceewe=as 47 mlcrons
Diameter of nucleoluge=wewe=wese- §,5 microns

Diameter of nucleolar inclusilon-- 6.4 microns
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Plate ;;I;

Figure 1.

Medium sized cocyte as observed within the coslomie

fluld, x 1000. The vitelline membrane, perxivitelline

spaca, and nucleolus are demonstrated.

Measurements:

Diametexr of c@ll-cwwvecacacccunn -65 microns
Diameter of nuclouS-we-w-we=wwws=x86 microns
Diameter of nucleolusS-==eww=ww==e 8,1 nicrons

Diametex of nucleolsr inclusion-- 5.% milcrons

Figure 2.

Young cocyte as observed within the coelomic fluid,

x 1000, The thick chromatin packets mounted on the

nuclear membrane are demonstrated.

Measurements :

Diameter of gell-=-=ecceaweea “===22 microns
Diameter of nucleug«=wwrcenwwwwael? microns
Diameter of nucleoluge=======wa=- 5,6 microns

Diamater of nueleolar inclusion-- 4,8 microns

Figure 3.
Youngest oocyte observed within the coelomic fluid,

X 2000, The characterlstic chromatin pattexn of the
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nucleus is demonstrated.

Measurements:
Diametay of collecscnnvensmcascnans «9,7 microns
Diameter of NUCLeUSmmmmvannnnmana=d 9 mlerons

Diameter. of NUClEolus=mevmumeeuaas?, 4 nicrons

Flgure 4.
Obeyte as obtained from body wall seraplng, x 2000,
The large nucleus with chromatin packets which are

mounted on the nuclear membrane is demongtrated.,

Measurements ;
Diameter of C8llewmnamannncnnnvnnafl,] microns
Diameter of NUClENS=mmenecnnneewwal 4 microns

Diameter of NUCLEOIUE = mmmrnmenewa? 4 nicrons
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Plate IV.

Flgure 1.

Nucleolus, as observed within a mature ovum. A
nucleolar inclusion possessing a reticular type

chromatin pattern is demonstrated,

Figure 2,
Nucleolus, ag observed within a larger ooecyte, as
obtained from the coelomic fluld. A nucleolar
incluslon possessing string-like bands of chromatin

matexial and a second nuecleclar inclusion are

demonstrated,
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Platg V.

Figure 1.
Primary spermatocyte, as obsexved on the periphery
of the primary colonles in the coelomic fluid, x 10,000,
The characteristic broad chromatin bands with knoted

areas ara demonstrated within the nucleus.

Figure 2,
Primary spermatocyte, as observed within the median
area of the primaxy colonles in the coelomic fluld,
x 10,000,
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Figure 1.
Secondary speymatocyte in resting stage, as obsexrved
in a trensitional colony in the coslomic fluid,
X 10,000, The characteristic narrow bands of finely

packed chromatin are demonstrated within the nucleus,

Figure 2,
Sacondary spermatocyte in melotic division, as obsexved
In the transitional colonies in the coelomle fluid,
X 10;000. The chromatin pattexrn within the nucleus
has become more compact without any particular forma-

tion.
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Elate VII.

Figure 1.
Sﬁerm&tid, as obgserved in the third type colonies in
the coelomic fluid, x 10,000, The chromatin material

In the nuecleug 1s more concentrated as related to the

gecondary spermatocyte.

Figures 2, 3, and 4.
Developing spermatozoan as observed in the third type

reproductive colonies in the coslomic fluld,

X 10,0000



Fig, 3 Fig. 4
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Plate VIII.

Mature spermatozoan, as obtained from the nephridia,
x 10,000, The characteristic concave depresslon and

connecting plece are demonstrated.
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