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INTRODUCTIOR

A mass of literature has accumulated dealing with the early history
of the germ cells in animals and while the initial studies were oconcermed
with invertebrate groups, some of the more complete ones have dealt with
vertebrates., Interest in this problem was stimulated when it seemed
imperative that the germ cells must remain unchanged from generation to
gensration in order to pass on the hereditary characteristics of the
species, Theoretically, therefore, the germ cells must be set aside at
some early stage of development and withheld from the assumption of any
somatic duties.

While it is possible to trace the germ cells back to extremely
early stages of development in certain of the invertebrates (Ascaris,
‘Miastor, Sagitta and others) such is not the case for the vertebrates.
The only example of such an early segregation for these forms is that of

Micrometrus aggregatus reported by Eigenmann in 1891, In this form, it

was claimed by Eigenmann that the germ cells could be recognized as
distinét from the soma as early as the fifth or sixth segmentation.
Although others have tried, none has succeeded in the years sinoe‘to
trace the germ cells so far back in the ontogeny of a vertebrate species.
Whereas numerous aocounts dealing with the germ cell history in
fishes have appeared in literature, none that approaches completeness
has dealt with a representative of the sunfish family, the Centrarchidae.
Recognizing the need of a careful and complete morphological study of
the germ cells in a member of this group, this investigation was under-

taken., The embryonic stages of the largemouth black bass, Micropterus

salmoides salmoides (Lacepede) were used to determine the stage of

development during which the primordial germ cells could be first
1
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recognized and then to record their subsequent history up to the period
of sex differentiation.

Although the present investigation was built around the history of
the germ cells it was soon discovered that an understanding of their
early development was dependent on a thorough knowledge of the early
embryonic stages of the animal. The first part of the investigation is,
then, concerned with the early developmental history of the bass. In
spite of the economic importance of the bony fishes, very little work
has been done on their early development. One must rely primarily on

the classic work of H. V. Wilson on the sea bass, Serranus atrarius,

which appeared in 1891, and to a lesser degree on those of Lereboullet
(1854), Kupffer (1868), Oellacher (1883), Hoffmann (1884), Henneguy
(1888), Schwartz (1889), and the more recent works of Oppenheimer (1937),
Solberg (1938), Battle (1940, '44) and Carr (1942). Little help can be
found in most standard texts on embryology but some may be obtained
from the texts of Balfour (1881) and ziegler (1902).

The work is presented in two parts; Part I Embryogeny and Part II

The History of the Germ Cells.,



MATERIALS AND METHODS

Most of the material used in this investization came from the U. S.
Fish and Wildlife Service Hatchery at Northville, Michigan. Additional
collections of unaged fry and fingerling were made from the Huron River
end from Whitmore Lake, both in Washtenaw County, Michigan.

During the period of 1946-48, one of the hatchery ponds at North-
ville Hatchery was made available for experimental purposes. Different
groups of breeding adults were placed in the pond each year.

Four series of developmental stages were collected for study; the
first in the spring of 1946, the seocond and third in the spring of 1947,
amd the fourth in the spring of 1948. Freshly spawned egzs were siphoned
from the nests by means of a glass tube. A pair of long-handled lawm
trimmers was employed to snip off rootlets with adhering eggs. The
first series was collected and fixed at the nesting sites, while the
second, third and fourth seriss were reared and hatched in the labora-
tory. The first series was composed of stages rﬁnging from the freshly
laid eggz to young of two to three inches in length, the second and third
series were made up of embryos fixed every two hours until hatching, and
the fourth seriss consisted of embryos fixed at two hour intervals up
to the eighteenth hour and then every four hours until hatching.

Several fixatives were employed. Among these were Benda's fluid,
Bouint's, Allen's modificetion of Bouin's with chromic acid, Meves'
solution, 10 per cent formalin and various strengths of alcohol. While
none of these gave perfect results as yolk fixatives, the best cellular
fixation was obtained with Bouin's to whiéh had besn addéd_oné gram of
ures crystals per 105 parts.

Three methods of dehydration and clearing were used: the conventional

3
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xylol and alcohol method, N-Butyl aleohol, and Dioxane. The best re-
sults were obtained with Dioxane. Because Dioxane is miscible in all
pfoportions with water, alcohol, and xylol and is a paraffin solvent,
dehydration and clearing ocan be combined in one operation. It was found
that whole embryos could be tranaferred directly from the fixetive into
Dioxane. After a period of time, varying in length with the size of
the embryos, direct transfer ocould be made into paraffin. While in
paraffin, care was taken to prevent them from resting on the bottom of
the container. Bituminous assay crucibles made of glazed porcelain
~were used for this purpose. This was necessary because Dioxane, although
a paraffin solvent, has a greater specific gravity than melted paraffin
and sinks to the bottom of the dish. Thus, if the embryos are not sup-
ported above the bottom, little or no infiltration of paraffin can take
place. Best results were obtained when two or three changes of paraffin
were made, One of the many advantages of the Dioxane method is that
tissues may be left for hours or even days in the Dioxane-paraffin
mixtures without becoming excessively brittle.

After infilltration, the embryos were embedded in Fisher Tissuemat,
with & melting point of 56-58 degrees C., and sectioned at 8 and 10
micra, the majority being cut at 10 micra. More than two thousand
preparations were made.

Complete serisl sections of all prehatching stages were mounted and
stained. This procedure was extended to include posthatching stages up
to 13 millimeters in length. Subsequently, only the trunk portion wes
used. In larger specimens, fingerlings and up, only the swimbledder and
the attached gonads were prepared for study.

The four stains used were: Harris' Hematoxylin, Heidenhain's Iron
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Hematoxylin, Mellory's triple, end Heidenhain's Azen. Harris' Hema-
toxylin and Heidenhain's Iron Hematoxylin were most frequently used end
although it has been cleimed that Dioxene impairs the staining quality
of the nucleus when stained witb Harris'®' Hematoxylin, I encountered no
such difficulty.
To designate the developmental stage for prehatching embryos the

age in hours we.s employed, end for posthatching larvae, fry and finger-

lings the total length in millimeters or centimeters.



NATURAL HISTORY NOTES

The largemouth black bass, Micropterus salmoides salmoides, is one

of the most populer fresh weter geame fishes. Its spawning and nesting
habits have been observed and reported by Lamkin (1901) in Georgia,
Lydell (1904) and Reighard (1906) in Michigen, Breder (1936), and more
recently by Carr (1942) in Florida.

I observed nest construction to follow the general pattern employed
by centrarchid fishes. The males prepare the nest and guard the eggs
during incubation. Most of the nests observed at the hatchery were con-
structed on gravel plots which had been placed in the ponds when dry.
The water depth above them usually ranged from two and one helf to four
feet. Nest construction was observed on numerous occasions. At some
sites where the gravel plots were overgrown with Chare. the eggs were
deposited on its stems and rootlets. Several nests were oonstrﬁcted
near the bank in water eight to twelve inches deep. Such nests usually
were made against the south bank beneath overhanging cattails (2!222).
As a rule these nests were constructed by the younger brood stock while
the older fish utilized the gravel plots. The nests near the bank could
be observed with a minimum of disturbance to the mele guarding them and
at times it was possible to remove eggs without disturbing him perceptib-
ly.

Spawning occurred when the water temperature approached 62 degrees
F and ordinarily took place during the early morning or late afternoon.
On one sloudy warm day one pair was observed to be spawning at about
noon. The spawning activities of this pair were unusual and warrant de-
seription. The pair approached a bank nest beneath the cattails end the
very vigorous male made body passes at the female, nudging her gently
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but firmly with his snout from the head backwards. After several such
passes he settled beside her and slowly spawning took place. W¥hen
spawming was completed the female left the nesting site and the male
began his parenteal duty of caring for the eggs.

In the nest described above, hatching took place in about fifty-six
hours. Eggs spawned in the evening hatched more slowly, requiring from
seventy to seventy-seven hours. Carr (1942) described a variety of
nesting sites used by the bass in the wild and reported that hatching
took from two to three days.

In the present study it was found that spawning was at its height
between the fifteenth and twenty-second of May in each year that the pond

was under observation.



PART I EMBRYOGENY OF MICROPTERUS SALMOIDES SALMOIDES

Although Carr (1942) has published an account of the embryology of
the largemouth bass, certain phases of its development are presented
here as a basis for a better understanding of the embryonic history of
thé germ cells. Among the phases to be considered are: the egg and the
formetion of the blastoderm; the origin and possible function of the
periblast; gastrulation; germ layer formation, the origin of Kupffer's
vesicle; the formation of the gut, coelom, and kidney ducts; and the
relationships of the subintestinal yolksac extension.

For an account of larval development and certain other features,

Carr's paper should be consulted. The development of Mieropterus fol-

lows in general that of Serranus as described by Wilson (1891).

The Egg

The egg of the largemouth black bass is spherical, small, adhesive
when first deposited and demersel., It varies in diameter from 1.5 to
1.656 millimeters and is surrounded by e tough flexible membrane, the so-
called chorion, which is approximately .025 millimeters in thickness
(fig. 10, ch.). Within this membrane, end aspparently en integral part of
it, may be found & zona radiata (Reighard 1906) or vitelline membrane
(Solberg 1939). 1In addition to the zona radista, two other membrasnes or
layers are discernible within the chorion. One is homogeneous and lies
on the inside and the other is granular and lies between the homogeneous
layer and the zona radiate. The perivitelline space enclosed by this
composite membrane is filled with a colorlgss fluid which coaguleates
when mixed with water. The bulk of the egg proper consists of an opaque
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sphere of granular yolk surrounded by a delicate plesma membrane, After
fertilizeation the yolk seemingly becomes more transparent. Embedded
within the yolk and at one side is a large amber colored oil globule
approximately 0.70 millimeters in diameter. The egg is free to rotate
within the chorion and when deposited becomes oriented with the oil

globule uppermost,

Segmentation and Blastulation

A few minutes after fertilization there is a streaming movement of
the egg protopleasm toward one side of the yolk sphere where it collects
and forms a lenticulaer cap, the polar cap (Solberg 1939) or blastodisc
(fig. 1, bd.). 1In approximately half an hour the blastodisc swells into
a bulging cap which thins out peripherally and the yolk sphere flsttens
beneath it. The o0il globule, now at one side of the disc, marks the
position of the future dorsal lip of the blastopore.

Within an hour after fertilization the first cleavage furrow ap-
pears. This furrow, e vertical one, originates in the center of the
disc and extends rapidly towards the periphery. The cleavage, however,
does not continue into the yolk and the blastodisc is thus divided into
two elmost equal blastomeres still united on their lower surfaces (fig. 2).
Henceforth, the cleaving blastodisc may be considered as the blastoderm.
The second furrow appears a short time later and is at right angles to
the first. The eight-cell stage is formed by two furrows crossing the
blastomqres parallel to the first, and the sixteen=cell st#ge is pro-
duced by two furrows parallel to the second. Horizontal and vertical
cleavages follow in such rapid succession that it is difficult to trace

them beyond the eight- and sixteen-cell stages. The early blastoderm is
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oriented with its long axis at right angles to the oil globule and its
blastomeres are approximately equal in size but become more irreguler as
cleavage continues. During cleavage no segmentation cavity appears as
is found in amphioxus, some fishes, and other vertebrate types. However,
we may assume the presence of a virtual blastoccel between the blasto-
derm and the yolk. Thus, a stage comparable to a blastula is attained
when the blastoderm is severeal cell layers in thickness and is composed
of outwardly similer cells. Wilson (1891) described the formation of a
soegnentation ocavity for Serranus. Aocordihg to him, this cevity was
formed when the blastomeres remained in close connection at their upper
surfaces but were loosely joined at their lower surfaces so that a
cavity was formed between them and the periblast.

Wilson (1891) was able to trace cleaveges in the sea bass up to but
not beyond the sixty-four-cell stage. Solberg (1939) in Fundulus could
follow cleavage up to the sixty-four=-cell stege, after which he made no
attempt to count the blestomeres. Battle (1940) found it hard to count
the bleastomeres beyond the four-cell stage in Carassius; whereas for

Salmo selar (Battle 1944) she was able to follow cleavages up to the

thirty-two-cell stage. Carr (1942) in Micropterus salmoides observed

the eight- and sixteen-cell stages and some thirty-two- and sixty-four=-

cell stages.
The Blastoderm

Cleavages continue rapidly so that by the end of the fourth hour of
development the blastoderm is composed of several layers of hexagonal
cells arranged in a mosaic pattern. Rapid segmentation 1a‘1nferred from

the fact that almost without exception the cells are in some phase of
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division (fig. 11). All of the blestomeres possess a granular cytoplasm
and some contein yolk granules. The surface cells of the four-hour
blastoderm take a darker stein and are flattened dorsoventrally. These
darkly staining cells later form the epidermal stratum and are somewhat
soeparated from the deeper multicellular stratum beneath.

In blastoderms of six to eight hours of development, the mosaic
pattern of arrangement is less pronounced and very few cells are in
division as compared with the four-hour stage. The cells of the epiderm=-
a8l stratum thin ocut considerably and a definite separation between them
and the deeper layer is discernable. Between the sixth and eighth hours
of development the blastoderm undergoes certain changes in preparation
for gastrulation. Sections of the blastoderm at this time reveal that
it has become eccentrically thinned out anteriorly toward the definitive
ventral lip of the blsstopore and has become concave on its under sur-
face. From all indications there is epparently a shifting of the blasto-
meres toward the future dorsal 1ip of the blastopore immediately above
the oil globule, The significance of these changes will be discussed

more fully under the topic of "Gastrulation."

The Periblast

Sections of the blastoderm, after four hours of development, show
that the substance of the marginal blastomeres appears to be continuous
with the surface protoplesm of the ydlk, which is thicker around the
edges and is thrown up into a ridge surrounding the periphery of the
blastoderm (fig. 7, ppr.). This protoplasmic ridge is the forerunner of
the periblast and has been designated by Wilson (1891) as the "pre-

periblastic ridge.*
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The term "periblest" has been used by various authors to designate
the synoytium which overlies the yolk during development. Others have
used the same term as a designation for the protoplasm containing the
nuclei. In order to avoid confusion, the term "periblast" as employed
in this discussion applies not only to the protoplasm but to the nuclei
as well,

In the largemouth black bass the periblastic nuclei appear to be
derived only from the marginal cells of the blastoderm. Sections of
blastoderms of four to six hours of development show that the marginal
cells undergo horizontal cleavage and that the lower cells resulting
from this division lose their cellular outlines and become incorporated
within the protoplasm of the pre-periblastic ridge. The nuclei thus
liberated are at first concentrated around the margin of the blastoderm
in the pre-periblastic ridge, which now, according to Wilson (1891),
should be called the periblastic ridge. These findings are in general
agreement with those of Agassiz and Whitman (1884) and Wilson (1891) who
found that the periblast is enlarged when cells at the periphery (of the
blastoderm) lose their outlines and become part of the periblast. This
loss of cellular outline has been described by various authors (Eupffer
1884, Henneguy 1888, Wilson 1891, and others) as manifesting itself in
the formation of a "wreath" of lightly staining cells surrounding the
blastoderm. Further agreement is found in the work of Carr (1942),

The presence of periblast nuclei in teleostean egss was recognized
as long ago as 1854 by Lereboullet. However, it was thirty years later,
in 1884, that their origin was determined by Agassiz and Whitman in

Ctenolabrus. According to these investigators, the periblastic nuclei

were derived from two marginal rows of blastodermal cells. 1In the

meantime, howsver, Hoffmann (1883) had advanced the theory that the
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periblestioc nuclei were derived from the first segmentation of the egg
nucleus, which divided horizontally. The lowermost daughter cell pro-
duced from this division then passed into the yolk and became the pro-
genitor of all the periblastic nuoclei. Hoffmenn's theory was severely
criticized by Agassiz sand Whitman (1884) and its inclusion here is only
a matter of historical importance. The work of Wilson (1891) is largely
a confirmation of that done by Agassiz and Whitmean (1884) regarding the
origin of the periblastic nuclei, end at the present time it is commonly
believed that they have a blastodermic origin.

After the periblastic nuclei are formed they increase in number
through mitotic division. Apparently these divisions take place only
in the periblastic ridge and are completed prior to the beginning of
periblast migration, for only in sections of the four-hour blastoderm
and in the periblastic ridge can periblastic nuclei with division
spindles be observed (fig. 12).

Multiplication of the periblastic nuclei is followed by migration
and growth. The nuclei migrate undermeath the blastoderm to form the
central periblast. In sections of the blastoderm of six to eight hours
of development the periblast extends to tﬁe center of the blastoderm and
is concentrated in the region of the oil globule. This agrees with Carr
(1942) who states that by the eighth hour the nuclei reach the center of
the blastodisc. Although I made no direct observations on the migretion
of the periblast, it seems most likely that it is promoted by the changes
in form undergone by the blastoderm during this period. Wilson (1891)
reached similar conclusions regarding the migration of the periblast and
its nuclel. He considered thet this migration was a passive one and

that the nuclei were carried along as the periblast flowed under the
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blastoderm.

During the period of growth the periblestic nuclei lose their
blastodermal characteristiocs and become very large and vesicular. This
growth also is characterized by the formation of numerous pseudopodial
protuberances on the nuclei and, although it is generally agreed that
looomotion is a funotion of the cytoplasm, the possibility of an inde-
pendent emoebold migration of these highly specialired nuclei should
not be overlooked.

Shortly before gastrulation, there is a concentration of the peri-
blastic nuclei beneath the edge of the blastoderm which lies immediately
above the oil globule. It is along this edge that gastrulation is initi-
ated. As to the purpose of this concentration, one cen only conjecture.
Wilson (1891) could escribe no true function to the periblastic nuclei
but was in agreement with Hoffmann (1884) and Ziegler (1887), who
thought that because of their uniform histological nature the periblastic
nuclei must have some special physiological function such as changing
the yolk into a form usable by the developing embryo. Others (Kupffer
1868 and Henneguy 1888) thought that the periblastic nuclei were already
present 1n;€he periblastioc protoplasm before cleavage and that they con-
tributed to the formation of the blastoderm. Henneguy (1888), in spite
of the results obtained by Agassiz and Whitmeann in 1884, very carefully
describes the "passing" of the periblastic nuclei out of the periblast
into the blastoderm. Others (Kupffer 1884 and Gensch 1882) thought that
the periblastic nuclei, in addition to being a source of blood célls,
contributed to the formation of the alimentary canal. A later and more
novel idea concerning the function of the periblast was advenced by

Reinhard (1924), who believed it to be a source of the primordial germ
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cells. Oppenheimer (1934, *36), working on Fundulus, came to the con-
clusion that the periblast must contain some substance that passes into
the blastoderm to initiate gastrulation. Further light was thrown on
its function by Devillers (1947), who removed the blastoderm of Salmo

fario and cultured it in nutrient solutions eand found that only enlarged

cell masses called "hyper-blastulae®™ developed in the absence of the
yolk and the periblast. Subsequent experiments indicated that there weas
a substance liberated from the periblast and the yolksac epithelium of
older embryos which was capable of controlling embryonic differentiation.
Although the experiments of Oppenheimer and others tend to show the
presence of an organizer in the periblast, its function as a nutritive
orgen and diffusion medium should not be overlooked. On the basis of
what I have been able to observe, the periblast transforms the solid
yolk granules into liquid periblastie protoplasm. This transformation
is characterized by a breaking up and a dissolution of the large yolk
platelets. There is no direct contact between the yolk and the embryo
save through the periblast, and yet the yolk is gradually used up during
development without the benefit of intraintestinal digestion in the sense
that it occurs in Amphibia. The relative volume of the periblast inoreases,
whereas that of the yolk decreases, during development., It is then not
unlikely that the periblast in a sense digests the yolk and that the

embryo in turn absorbs the digested food material.

Gastrulation

The two distinct regions established as a result of the thinning out
of the blastoderm are an ecoentric thinner anterior portion and a thicker

peripheral portion. This eccentric thinner portion of the blastoderm
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has been designated as the extra-embryonic aree (Wilson 1891, and
others). At the beginning of gastrulation this area is three to four
cell layers in thickness, but as invagination and epiboly proceed it
becomes thinned out and inoreases in size as a result of being drawn
around the yolk, preceded anteriorly and laterally by the advancing
germ ring. The cells of this region ultimately become incorporated
within the ectoderm of the yolksac. In a surface view of an early stage
in the formation of the germ ring, the extra-embryonic area (extra-
embryonic membrane of Rugh) appears as a socmewhat clear, 1ll-defined
circle surrounded by an opaque peripheral ridge, the germ ring (fig. 5).
According to Wilson (1891) the eccentric thinner portion of the blasto-
derm overlies what commonly would be known as & subgerminal oavity, pro-
vided one existed. However, such a cavity does not exist in the large-
mouth black bass. The posterior, embryonic portion (Wilson 1891) of the
germ ring is thicker than its lateral and anterior portions, corresponds
to the posterior pole of the embryo, is the site of initial invagination,
and is the dorsel 1ip of the blastopore. By the eighth to ninth hours
of development invagination has taken place in the region of the dorsal
lip and the germ ring has begun to grow epibolically downwards over the
yolk. During this overgrowth of the yolk by the germ ring, the dorsal
lip remains stationary in position relative to the o0il globule, epiboly
being restricted to the ventral and lateral lips. As the germ ring ad-
vances over the yolk, invagination occurs all along the ring but particu-
larly in the region of the dorsal lip. Midsagittal sections of the early
gastrula show a tongue of cells extending a short distance beneath the |
eoctoderm, displaoing the yolk and forming a space between the blastoderm

and the periblast (fig. 13). This is only a displacement space and has
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no known phylogenetic or ontogenetic significance. The invaginated cell
mass at the dorsal lip may, on the basis of what is derived from it,
properly be termed the "mesentoderm."” Some older workers (Wilson 1891,
Cunningham 1885b, Ryder 1884, and others) have applied the term."hypo-
blast" to this invaginated mass,

By ten to eleven hours after fertilization the blastoderm has
spread over the yolk as far as the equator (figs. 3 and 4). By twelve
to fourteen hours of development the germ ring has advanced far beyond
the equator and encloses a yolk plug composed primarily of the oil
globule and a small portion of the yolk (fig. 14, yp.).

During the growth of the blastoderm around the yolk, the posterior
portion of the germ ring becomes sharply differentiated from the rest of
the blastoderm. This differentiated area, because of the shape it as-
sumes early in development, has been designated as the embryonic shield
and is composed of ectoderm and the underlying invaginated mesentoderm.
In a surface view of a rather advanced stage of its development, the
shield appears to extend craniad as a blunt projection into the extra-
embryonic area (fig. 6,es.). As the anterior region of the blastoderm
grows around the yolk, the extra-embryonic area is increased and the
head end of the future embryo (he. of fig. 8) continues to grow in the
same direoction. Sagittal seotions of the embryonic shield of a gastrula
of twelve to fourteen hours of development show that the‘mesentoderm has
growm forward beneath the ectoderm and extends almost to the anterior
limit of the shield (fig. 15 med.). Here the mesentoderm en&s in a
slightly enlarged mass of cells which has been called the anterior mass
(wWilson 1891). According to Wilson, this mass does not undergo the same

differentiation as does the mesentoderm of the trunk and from all
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appearances furnishes the mesoderm of the head., Text figures 1 and 2
represent several stages in the formation of the embryonic shield,
particularly the cephalic growth of the mesentoderm.

The blastopore closes by the sixteenth to eighteenth hour of devel-
opment and a conspicuous median thickening in the shield denotes the
formation of the body of the embryo. The germ ring which has grown
around the yolk sphere joins with the stationary dorsal 1lip to completely
enclose the whole yolk mass, As a result of this union a large mass of
undifferentiated tissue is formed and because most of the caudal region
arises from it, it has been termed the caudal mass ("bourgeon caudale"
of the French and "Schwanzknopse™ of the German workers)., Text figures
3 and 4 diagrammatically represent lateral and posterior views respect-
ively of the advancing germ ring over the yolk plug to close the blasto-
pore.

To Goette (1873) should be given the credit for first describing
the gastrula of teleosts. He belisved that gastrulation was the result
of cell growth which resulted in the formation of a "Randwulst" and that
the subsequent centripetal growth of the blastoderm formed the hypoblast
(mesentoderm). In opposition to the idea of Goette, Oellacher (1873)
denied that any invagination occurred but believed that the thicker
portion of the germ ring (the embryonic anlage) split up into the ecto-
derm, mesoderm and endoderm. Ryder (1884-87) considered the gastrula to
be formed through the inflection of the margin of the blastoderm, whereas
Wilson (1891) believed that gastrulation was brought about through dif-
ferential mitoses in the embryonic portion of the germ ring. Solberg

(1936) for Fundulus and Carr (1942) for Micropterus reported that the

gastrula is formed through an inturning of the blastoderm. Battle (1944),



Text Plate 1

Explanation of Flgures

1 Two stages in the formation of the embryonic shield.

2 Two stages in the formation of the embryonic shield, more
advanced than those of figure 1.

3 Lateral view of the advancing germ ring over the yolkplug
to close the blastopore. The dash-lines represent successive
stages of this advance.

4 Posterior view of the advance of the germ ring to close
the blastopore.
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for the Atlantic salmon, reported that the two layered condition of the
gastrula results from the formation of an elongated cleft in the embry-
onic shield which extends forward from the dorsal 1lip of the blastopore
(delamnination theory of Oellacher 1873), From my preparations it ap-
pears that gastrulation in the largemouth black bass is brought about
through cell migration and not through differential mitoses. This
interpretation is based on the fact that immediately preceeding and
during gastrulation there is a conspicuous absence of mitotic figures
in the blastoderm as a whole and particularly in the embryonic region of
the germ ring. Text figure § shows diagrammetically the direction of
cell movement during gastrulation.

Cell movement in the blastoderm of fishes was observed as long ago
as 1874 by His. He observed this phenomenon during gastrulation and
formation of the germ ring and subgerminal cavity in the blastoderm of
the salmon and the trout. He believed that in these forms the eccentric
flattening and thinning of the blastoderm was the result of an active
peripheral migration of the loose internal blastomeres beneath the epi-
dermal stratum. Recent experiments employing vital staining techniques
have been made by Pasteels (1933, 1934, 1936 and 1937) on Salmo and by
Oppénheimer (1935, 1936) on Fundulus. The results of these experiments
prove beyond doubt that gastrulation and embryo formation are brought
sbout through cell movements. Further experiments by various authors
(Hoadley 1928, Lewis 1912, Luther 1935, 1936, and 1937, and others), in
which deficiences in various portions of the embryo were produced,
substantiate these results and lend additional credence to the theory of
68ll movement and relocation. Pastesls (1934 and 1936), after meking

numerous mitotic counts, was certain that in Salmo the activities related
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to gastrulation were confined to cellular movement and rearrangement.

Germ Layer Formation

The Ectoderm. The ectoderm arises directly from the blastoderm and

is composed of those blastomeres that do not invaginate. It consists of
two distinct portions, the epidermal stratum and the nerwvous layer. The
origin of the epidermal stratum (the "Deckschicht" of the German workers)
from the surface cells of the blastoderm has already been deseribed. It
persists as a thin sheet of flattened cells covering the entire embryo
and gives rise to the epidermal layer of the skin. Its structure in the
early embryo is shown in figures 23 and 24. I found, as did Wilson
(1891), that although there is a tendency for this layer to invaginate,
it actually takes no part in this process (fig. 18). The second portion
of the ectoderm, the nervous layer, consists of several strata of cells
and is restricted to the embryonic shield. Early in shield formation it
is thicker laterally than medially (fig. 19), and is consumed in the
formation of the central nervous system, laterael line organs, and other
special sense organs on the head (eye, lens, ear, nasal pits, and head
canals)., Sections of the closing blastopore show that the nervous ecto-
derm is ocontinuous with the underlying mesentoderm in the neurenteric

streak, an area which is homologous with the neurenteric canal (fig. 18).

The Mesentoderm. The mesentoderm is formed by invagination of the

blastoderm, and from it arise the mesoderm and entoderm and their deriv-
atives, Since the notochord does not differentiate as the mesentoderm
invaginates, but is formed later from its axial portion, the term

chorde-mesentoderm is not appropriate. The organization and
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differentiation of the mesentoderm is best seen in cross sections of the
embryo and in early steges of devselopment (twelve to fourteen hours)
when it is only two to three cell layers in thickness (fig. 19). The
first differentiation of the mesentoderm is seen in the formation of the

notochordal anlage from its axial portion (fig. 19).

The Mesoderm. Coincident with the formation of the notochordal

anlage, the paraxial portion of the mesentoderm differentiates into
mesoderm and‘entoderm. The mesoderm is formed from the upper layers of
the paraxial portion and in embryos of twelve to fourteen hours consists
of two lateral messes, the somite primordia, on each side of the develop-
ing notochord (fig. 19). In embryos of sixteen to eighteen hours the
notochord is beginning to round up and the axial portions of the somites
are thicker (figs. 20 and 23). By twenty to twenty-iwo hours, the
somites have begun to extend dorsally (fig. 21) and by thirty to thirty-
two hours are divided by a horizontal constriction or septum into epi-
axial and hypaxial muscle divisions (fig. 22). As the somites thicken
axially, the nerve cord makes its appearance in the form of a blunt

wedge resting on the notochord. This wedge appears to result from a
median shifting of the nervous ectoderm (figs. 19, 20 and 21). As the
organization of the embryo progresses the mesodermal somites differ-
entiate into two distinct areas - the muscle plates, already desecribed,
and the lateral plate or nephridiocoelomic mesoderm. Text figure 9 7
illustrates diagrammatically several stages in the differentiation of the

somite and the formation of the medullary wedge.

The Entoderm. The entoderm is formed by a process of delamination

from the paraxial mesentodera. At first it is discontinuous beneath the



Text Plate 2

Explanation of Figures

5 A diagram showing the direction of cell movement during
gastrulation and formation of the embryonic shield.

6 A diagram showing the relationship of the dorsal lip
excrescence of potential germ cells. The germ ocells are
represented by the dark circles and are shown passing from
the excresence into the periblast ventral to the dorsal lip
of the blastoporse.

7 A diagram showing an early relationship of the germ cells
to the caudel yolksac extension. The dash-line represents
the definitive position of the gut,

8 A diagram showing a later relationship of the germ cells
to the caudal yolksac extension. The germ cells are showmm
passing out of the extension into the mesoderm ventral to the
gut and then dorsad to the dorsal mesentery. The dash-lines
represent the right pronephric duct. The pronephric ducts
are shown entering the gut near the anus. The subintestinal
vein is shown passing between the pronephric duets and
-8inistroventrad around the gut and continuing anteriad as the
vitelline vein beneath the yolk.

9 A diagrammatic representation of several stages in the
differentiation of the somite and the formation of the
medullary wedge. The arrows indicate the direction of cell
movement,

2la
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notochord but later in development it grows mesiad ﬁo form a econtinuous
layer. In a sixteen to eighteen hour embryo, the entoderm consists of
two lateresl lamellae only one cell in thickness. At times these lamellae
are separate and at other times they appear to be continuous beneath the
notochord. The entoderm, like the mesoderm and nervous ectoderm, is
restricted to the embryonic shield (fig. 23) and, contrary to the general
conception of a yolksac, it does not continue around the yolk as a yolk-
sac entoderm. The periblast apparently takes over the function of en-
closing the yolk and in a broad sense might be regarded as homologous
with the yolksac entoderm of higher forms. Thus at one time in its
development, before the ventral growth of the hypomeric mesoderm, the

yolksac of Micropterus consists of a layer of ectodermal cells, the epi-

dermal stratum, and the periblast covering the yolk. The entoderm will

be discussed further under the topic of "Gut Formation."

Formation of the Gut and Kupffert's Vesiocle

Gut Formaﬁion. By the twenty-second hour of development the ento=-

derm from each side has grown mesiad beneath the notochord to form a
continuous layer. In the trunk region the gut is formed through a fold-
ing along the midline of the entodermal lemella; whereas in the branchial
region two lateral branchial folds are produced which grow both mesiad
and laterad to join each other and also the ectoderm at each side. Gut
formation begins first in the region of the so called Kupffer's vesicle
(discussed later), and a short time later in the branchial region. In
the branchial and trunk regions all of the entoderm is used up in the
formation of the gut. In the region of Kupffert's vesicle, however, some

lateral undifferentiated entoderm remeins. Gut formation as it occurs

r
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in the trunk region is diagrammatically represented in figure 8. Although
a similar arrangement of cells as shown in this figure might not exist
for any two embryos, for the sake of brevity in description only nine
cells have been represented in it. The arrows indicate the direction of
cell movement. Using the diagrams as a basis, gut formation mey be
desoribed as follows; The inner margins of cells number two grow axiad
and in so doing cause the "keystone cell", number one, to 1lift upward,
thus establishing a small cavity between it and the periblast. Cells
number three, grow mesiad and slip under cells number two. Cells number
four follow their predecessors and slip under cells number three. The
tube is complated when cells number five come together. These findings
agree with and for the most part confirm those of Wilson (1891), Solberg
(1939) and Battle (1944). They agree only in part with those of Zlegler
(1882) and Henneguy (1888) and are contrary to those of Kingsley and
Conn (1883), Agassiz and Whitman (1884), Cunningham (1885) and Ryder

(1887).

Kupffer's Vesicle. In embryos of twenty-two hours of development

Kupffer's vesicle is formed and lles between the caudal mass and the
periblast. The vesicle forms in the seme manner as the gut and becomes
the definitive cloacal region of the alimentary tract. In the beginning
its floor is the periblast as is also that of the gut. It is converted
into a tube by the fusion of its lateral walls. The vesicle lies anter-
jor to the neurenteric streak but is not continuous anteriorly with a
certain mass of entodermal cells as reported by Wilson (1891) for

Serranus, The vesicle was not observed to atrophy nor to form any

structure that would correspond to a solid postanal gut.
The vesiocle, named after Von Kupffer who first described it in 1868,

has received more attention in literature than its importance warrants.
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Various investigators who have studied the embryology of fishes have
offered theories and comments as to its origin and fate. Von Kupffer
thought it to be an invagination from the ectoderm and thus to be homo-
logous with the ectodermal vesicle described for reptiles. Cunningham
(1885) believed it to be the terminal part of the archenteron and Wilson
(1891) interpreted it as being homologous with the postanal vesicle in
selachians, Others have related it to the cloaca.

My findings agree with those of Henneguy (1888), who says: "Le
vesicle de Kupffer m'est donc que la premier apparition de la cavité du
tube digestif avec laquelle elle se confond plus tard." (p. 563).

Considerable coﬁtroversy has been waged as to whether or not a cel-
lular floor is present in the vesicle from the beginning. Kingsley and
Conn (1883), Agassiz snd Whitman (1884), Cunningham (1885) and Wilson
(1891) state that the vesicle arises as a space between the periblast
and the entoderm. Contrary to this, Henneguy (1888) and Schwarz (1889)
assert that it arises in the caudal mass and that from its inception it
has a celluler floor. My findings agree with those of Wilson (1891) and

Othe rs8.

Formation of the Coelom and Kidney Ducts

Coelom Formation. The coelom takes its origin from the lateral
portion of the nephridiocoelomic ﬁesoderm, vhose mesial portion enters
into the formation of the kidney ducts. After the dorsal evagination
and constriction of the pronephric ducts, the remaining mass of hypo-
meric mesoderm grows around the gut, mesiad to it and the ducts, to form
the broad dorsal and ventral mesenteries. Careful observetion reveals

that the mass is composed of two layers of cells closely applied to one
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enother with no visible space between them. These layers separate later
to form the coelom. The coelom first makes its appearance in the anter-
jor trunk region simultaneously with the formation of the pronephric
ducts. In the midtrunk region of a forty-seven hour embryo the coelomic
layers extend a short distance lateral to the gut. As development pro-
gresses, the layers grow ventrad between the ectoderm and the yolk to
fuse in the midventral line and completely enclose the yolk within the
ventral mesentery. A diasgrammatic representation of the ventreal growth
of the coelomic layers is presented in figure 9., A cavity appears some-
what later in development between the splanchnié and somatic layers. In
the region of the hindgut of & 3.5 millimeter lerve, the appearance of
a cavity at the dorsal mesenteric angle mafks the beginning of the coelom
posteriorly (fig. 43). The somatic layer of mesoderm is widely separated
from the ectoderm by a large lymph space. As larval growth ééntinues,
this space is gradually reduced and finally disappears, leaving the ecto-
derm and somatic mesoderm in Juxtaposition. By the time the larva
reaches 5.0 millimeters in length, a typical coelom lined with a delicate
mesothelium has formed (fig. 46). The lymph spaces present in the 3.5
millimeter larvae have been obliterated and the gut is bounded by coelomic

spaces on either side.

Kidney Duct Formation. In the largemouth black bass the kidney

ducts are formed from the somatic layer of the coelom by & process of
evagination and constriction. Formation of the ducts begins in the
anterior portion of the embryo and proceeds posterioriy. In its anterior
portion the duct has a cavity from the beginning, while in its posterior
portion it is solid and oomposed of cells arranged in a radial fashion.

The cavity in the anterior portion of the duct is formed from the
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coelomic cavity as the duct is evaginated and oconstricted off. Sections
taken through the anterior trunk region of thirty-four to thirty-six
hour embryos show that there is a dorsal evagination of the somatic layer
of the coelom at its axial angle near the gut. This evagination contains
e very minute cavity, which is continuous with that of the coelom. %hen
traced forward the cavity ends blindly in the tubule, and it appears
that there is no anterior opening of the duct through a nephrostome into
the coelom. At no time during the formation of the ducts do they pos-
sess a cavity throughout their entire length. In the anterior and middle
trunk region they lie lateral to the gut and in the postericr region
they lie dorsal and dorsolateral to it. Therse is a transitory connection
of the ducts posteriorly with the cloaca, but later in development this
conneotion is lost and the ducts empty to the outside by their own open=
ing in the urinogenital papilla. The pronephric ducts persist as the
functional sxoretory ducts of the mesonephros and at no time do they
enter into the formation of the reproductive system.

These findings are in agresment with those of Wilson (1891), Swaen
and Brachet (1899) and others regarding the origin of the ducts, but they
are contrary to the findings of Wilson (1891) and Carr (1942) regarding

the presence of an anterior opening of the tubule into the coelom.
The Subintestinal Yolksac Extension

Commensurate with the caudal growth of the embryo, a ceudal exten-
sion of the yolksac is carried back by the tail. This extension lies
ventral to the gut and dorsal tq_the subintestinal vein and is surrounde
ed by the ventral mesentery. Its contents comsist primarily of liquid

periblastic yolk. In a forty-four hour embryo the extension is quite
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large relatively as compared to the size of the gut. ; seotion through
the yolksac extension of an embryo of this age serves to illustrate its
relative size and position (fiz. 30). In this section the yolk is not
shown because it was withdrawn purposely prior to fixation and only the
space that it once occupied remains. The size of this caudal extension
in relation to the gut and other associated structures, and also the
fact that the extension is bounded by the ventral mesentery, should be
noted. The subintestinal vein lies in the mesentery where the two
mesenteric layers meet along the ventral midline (fig. 30). Anteriorly,
the extension is continuous with the yolksac, and posteriorly it ends
blindly in the mesentery. As larval development progresses the relative
size of the extension is reduced. In the 3.5 millimeter larva it is
comparable in size to the gut (fig. 36), end in the 4.5-5.5 millimeter
larva it is all but obliterated. Text figure 8 also shows diagrammatic-
ally the relationships of the gut, the yolksac extension, and the sub-

intestinal vein.,



PART II HISTORY OF THE GERM CELLS

Historical Résumé
l. Vertebrates in General

Three theories concerning the origin of the germ cells in verte-
brates have been advanced. The earliest of these is the "germinal
epithelium theory" proposed by Waldeyer in 1870. According to this
theory, the germ cells, or "Ureier," take their origin in situ in the
thick coelomic epithelium covering the gonad and are consequently con-
sidered to be of epithelial or mesodermal origin. This theory of origin
for the germ oells was generally accepted until challenged a decade
later by Nussbaum (1880). This investigator, while studying the germ
cell history of the trout and other species, ooncluded that the germ
ocells orizinate extragonadally and later migrate to the germinal epi-
thelium of the gonad, where Waldeyer (1870) first saw them. On the
basis of his investigations, Nussbaum advanced the theory of an "early
segrogation” of the germ cells, with the implication that their progen-
itors were of extragonadal origin and were derived from cells segregated
early in development. Thus, with the advent of two diametrically opposed
theories of germ cell origin and with the appearance in 1886 of Weis-
mann's hypothesis of germ cell continuity, interest in this problem
received considerable stimulation.

A few years later, a third theory was proposed by Ruckert (1888),
which has since become known as the "gonotome theory." According to it,
the germ cells originate in segmental mesodermal elements of the lateral
plate, called gonotomes, to correspond in terminology with other meso-
dermal structures of similar arrangement. The theory is based on an
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attempt at homology with the segmental gonads of amphioxus. This con-

copt was further elaborated by Van Wijhe (1889) in his work on Pristiurus

and later by Hall (1904) and Dustin (1907) and others in investigations

of the amphibian genera Ambystoma, Triton, Bufo, Rana and others.

From a review of the literature dealing with the germ cells and
their history in the vertebrates it is evident that considerable dis-
agreement exists as to their origin, mode of migration, marks of identi-
fication, and ultimate fate. It is not uncommon to find two competent
investigators working with the same material arriving at oontrary con-
olusions. Heys (1931) and Everett (1945) have summarized the various
existing ideas, and according to them there are four groups or schools
of thoughﬁ on the subject: (1) those who do not accept the idea of an
early segregation of the germ cells (Hargitt, Simkins, Von Berenberg-
Gossler and others); (2) those who admit an early segregation of the
germ cells but belisve that these degenerate and do not give rise to
definitive reproductive cells (Felix, B. Allen, Firket, Kingery and
others); (3) those who believe that the germ cells arise both from the
soma and from primordial germ cells (Humphrey, Brambell, B. Allen,
Becarri, Burns, McCosh and others; and (4) those who believe that the
early segregated cells are the only source of definitive sex cells
(Nussbaum, Okkelberyg, Beard, Eigenmann, Witsochi, Burns, Cheng, Bloocker,
Everett and others).

It is interesting to note that very feow of the investigations con-
‘sidered by Heys end Everett in their reviews of the status of the germ
cell problem in vertébrates dealt with the germ cell history in fishes.
It goes without saying, however, that in such a large vertebrate group

as this, marked differences in opinions, conclusions and results may be
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found. In this group, as in most others, the influence of Waldeyer was
reflected in the findings of the earlier workers. Most of the recent
workers, however, support the idea of an early segregation of the germ
cells, There are, nevertheless, a few who adhere to the idea of a
partial degeneration of the primordial cells or a dual origin for the
ova, while certain others hold to a wholesale disintegration of the so
called primordial germ cells and believe that the definitive sexual
elements are of stromal or epitheliasl origin.

"The following teble is an extended summary of literature on the
subjeot which has appeared since the publications of Okkelberg (1921),
Cheng (1932), and Blocker (1933). The attempt is not made to present
all the literature but to give a representetive sample of that which

has been done.

Table 1
Summery of Some of the Literature Dealing with

the Origin of Germ Cells in Vertebrates

Author Date Animel* Remarks on Germ Cells
CYCLOSTOMES

Goette 1890 Petromyzon Germ cells come from
fluviatilis mesoderm.

Wheeler 1899 Petromyzon Germ cells from
planeri blastodern.

Beard 1902 Petromyzon Germ cells are early
planeri segregated cells,

Okkelberg 1921 Entosphenus Definitive germ cells
wilderl from early segregated

cells.

*Technical names are those given by authors although for somes of the

animals other names are now used.



Author

Butocher

Semper

Balfour

Ruckert

Van Wijhe

Rabl

Beard

Woods

Allen

Nussbaum

MacLeod

Hoffmann

Eigenmann

Date

1929

1875

1876

1877

1888

1889

1896

1900

1902

1902

1911

1880

1881

1886

1891

Table 1 cont.
Animal
Petromyzon
marinus
unicolor
ELASMOBRANCHS
Plagiostomes
Socyllium
Pristiurus
Pristiurus
Scyllium
Pristiurus
Pristiurus
Raja batis
Pristiurus

Squalus
acanthias

ACTINOPTERYGIANS
(Berg 1940)

Amia
Lepisosteus

Trout

Hippoocampus
Belone

Salmon
Miorometrus

aggroegatus
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Remarks on Germ Cells

Dual origin of germ
cells: (a) from early
segrogated ocells; (b)

from coelamic epithelium.

Germ ocells from coelom-
ic epitheliunm,

Germ cells probably
from mesoderm.

Germ cells from
gonotome.,

Germ colls from
gonotome.

Germ cells found
extra=-regionally.

Germ ocells from early
segregated cells.,

Germ ocells first seen
in entoderm.

Germ cells from early
segregated cells.

Germ cells from early
sogrogated cells, not
derived from mesoderm.

Germ cells from
germinal epitheliun.

Germ cells from
peritoneun.

Germ cells early
segmentation cells of
5th. or 6th. cleavage
of the egg.



Author

Bohi

Fedorow

Dodds

Bachmann

Richards and
Thompson

Esgsenberg

Reinhard

Van Oordt

Hann

Foley

Wolf

Goodrich
et al

Maschkow~
ziff

Date

1904

1907

1910

1914

1921

1923

1924

1924

1927

1927

1931

1934

1934

Table 1 cont.
Animal

Trout
Salmon

Salmo
fario

Lophius
piscatorius

Amiurus
nebulosus

Fundulus
heteroclitus

Xiphophorus
hellerl

Scardinius

Xiphophorus
helleri

Cottus
bairdii

Umbra
1imi (male)

Platypoecilus
maculatus

Lebistes
retioculatus

Acipenser
stellatus

Salmo
trutta

52

Remarks on Germ Cells

Germ cells from
germinal epitheliunm.

Germ cells in somato-
pleure and splanchno-
Pleure.

Germ cells are early
segreogated ocells.

Germ ocells from early
segregated cells.

Germ cells are early
segregated cells,

Female: germ cells
from ovarian cortex
and epithelium of
ovary. Male; from the
epithelium of tubules.

Germ cells from giant
cells of periblast.

Male: zerm ocells from
epithelium of tubules.

Gern cells from giant
entodermal cells,

Spermatogonia from
stromal cells of testis.

Male: spermatogonia from
primordial cells. Fe-
male; ova from primordi-
al cells and germinal
epithelium.

Germ cells are early
segregated cells first
seen in mesentoderm.

Primordial germ cells
found in gut entoderm.
Dimorphic from very
beginning.



Author

Bennington

Dildine

Odum

Moore

Nussbaum

Hof fmann

Semon

Bouin

Hall

Allen

Dustin

King

Date

1936

1936

1936

1937

1880

1886

1891

1900

1901

1904

1907

1907

1908

Table 1 cont.
Animal
ACTINOPTERYGIANS (cont.)

Betta
splesndens

Lebistes
reticulatus

Opsanus tau

Salmo
irideus

AMPHIBIANS
Rana
: fusoca

Triton, Rana
Bufo

Ichthyophis
glutinosus

Rana
temporaria

Ambystoma
punctatum

Ranea
pipiens

Triton alpestris
Rana fusoa
Bufo vulgaris

Bufo
lentiginosus
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Renarks on Germ Cells

Adult males: germ cells
from residual cells-
descendents of primordi-
al germ oells.

Germ cells seen in
mesentoderm soon after
gastrulation.

Germ oells ocour in two
strands in post coelomic
region.

Germ oells are early
segregation cells.

Germ cells are early
segregated cells.

Germ cells from
germinal epithelium.

Germ cells from the
germinal epithelium.

Germ cells from early
segregated cells and
from peritoneal and
mesenchymal cells.

Germ cells from a
gonotome,

Germ cells from early
segregated cells, first
seon in entoderm.

Germ cells from the
gonotaome and from
peritoneal cells.

Germ cells originate
in entoderm, migrate
into the mesodernm.



Author

Kauschake-
witsch

Allen

Schapitz

Spehl and

Polus

Abramowicsg

Champy

Witschi

Gatenby

Swingle

Beocarri

Hargitt

Date

1910

1911

1912

1912

1913

1913

1914

1916

1921

1922

1924

Table 1 cont.

Animal

AMPHIBIANS (ocont.)

Renea
esculenta

Ambystome
Necoturus

Ambystoma
mexicanum

Ambystoma
tigrinum

Triton
taeniatus

Triton palmatus
Rana temporaria

Rana
temporaria

Rana

temporaria

Rane
catesbeliana

Salamandrina
perspicillata

Diemyctylus
viridescens
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Remarks on Germ Cells

Primary germ cells from
early segregated cells,
functional germ cells
from mesenchyme and
peritoneunm.

Germ cells from meso-
derm lying between
myotome and lateral
plate.

Germ cells from the
gonotome.

Germ cells from gonotome
and peritoneal cells,

Primary germ cells from
entoderm; secondary
from mesoderme.

Germ cells from
gonotome,.

Germ cells first found
in entoderm.

Germ cells of adults
originate seasonally
from peritoneal cells.

Primordial germ cells
from entoderm. Second-
ary cells from descend-
ents of primary cells.

Germ cells from
mesoderm (gonotome).

Germ cells derived from
epithelium of collect-
ing ducts and germinal
epithelium.



Author

Bounoure

Obreshkove

Humphrey

Burns

Perle

Witschi

Christensen

Chen

MocCosh

Cheng

Bounoure

Fischer

Burger

Date

1924
1925

1924

1925

1925

1925

1927

1929

1830

1930

1930

1932

1934

1935

1937

Table 1 ocont.

Animal

AMPHIBIANS (cont.)

Triton alpestris
Rana temporaria
Bufo vulgaris

Diemyotylus
viridescens

Rana pipiens
(and others)
Triturus
viridescens
(and others)

Anmbystoma
punctatum

Bufo
vulgaris

Rana
sylvatica

Reanea
pipiens

Necturus
maculosus

Ambystoma
maculatum
Rana

catabrigensis

Rana

temporaria

Axolotl

Plethodon
cinereus
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Remarks on Germ Cells

Germ cells first
found in entodemmn.

Strong possibility of
stromal transition
into germ cells.

Germ cells appear first
in entoderm. Germ
cells appear first in
medial part of lateral
plate mesoderm.

Germ cells are early
segrogated ocells.

Germ cells located first
in entodemn.

Germ cells originate
in entodera.

Germ cells seen in
entoderm.

Germ ocells from
mesoderm.

Germ cells from lateral
mesoderm = somatic in
origin.

Germ cells are early
segregation cells,

Germ cells determined
by presence of a
"oytoplasm germinale®
first located at
posterior pole of egg.

Germ cells from primary
gonocytes (germ cells).

Primordial germ cells
give rise to definitive
sex ocells.



Author

Seshachar

Nieuwkoop

Allem

Jarvis

Dustin

Von Berenberg
-Gossler

Jordon

Simkins

Risley

Date

1937

1946

1906
1907
1911

1908

1910

1914

1917

1925

1933

1934

Table 1 cont.

Animal

AMPHIBIANS (cont.)

Ichthyophis
glutinosus

Triton and
Ambystoma
meoxicanum

REPTILES

Chrysemys
marginata

Phrynosoma
cornutum

Chrysemys
marginata

Lacerta
agilis

Caretta
caretta

Trionyx

Sternotherus
odoratus
Sternotherus
odoratus
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Remarks on Germ Cells

No spermatogonia
traceable to primordial
gorm cells; arise from
epithelium of collecting
tubules.

Germ cells different-
iate in the lateral
plate of presumptive
mesoderm,

Germ cells are early
segrogated cells first
seen in the entoderm.

Germ cells from early
segregated cells appear
first in the entodemrm.

Primary germ cells from
entoderm. Seocondary
from epithelial cells,

Germ cells from meso-
dermal cells. So called
primordial cells are
misnamed.

Primordial germ cells
recognized in yolksao
epithelium.

No evidence to show an
extraembryonioc origin for
the primordial germ cells.

Germ ocells from early
differentiated cells.,
Definitive germ ocells
from primordial germ
coells and from coelomio
epithelium,



Table 1 cont.
Author Date Animal Remarks on Germ Cells
BIRDS
Waldeyer 1870 Chick Ova from germinal epi-
thelium, spermatogonia

derived from epithelium
of Wolffian duect,

Hoffmann 1892 12 species Germ cells are early
segregated cells,
Nussbaum 1901 Chick Germ cells first seen
in splanchnopleurs.
Rubaschkin 1907 Chick Germ cells are early
Duck segregated cells,
Tschaschin 1910 Chieck Germ cells are early

segregated cells.

Von Berenberg
=-Gossler 1912 Chick So ocalled primordial
cells seen in splanchno-
pleure are not germ cells.

Swift 1914 Chick Germ cells first seen
1916 in proamnionic region
are entoderm in origin.
Firket 1914 Chick Germ cells primarily
1920 from germinal epithel-

ium possibly from
primordial germ cells.

Goldsmith 1928 Chick Germ cells arise in an
extraembryonic position
and give rise to defin-
itive sexual elements.

Dantschakoff 1931 Chiok Primordial germ cells
from entodermal
wandering ocells.

Matsumoto 1932 Chick Primordial germ cells
from early segregated
cellse.

Blocker 1933 Sparrow Germ cellg are early

segregated ocells first
recognized in proamnion.



Author

Witschi

Allen

Rubaschkin

Sainmont

Y¥iniwerter
and
Saimont

Kirkheam

Vannemsnn

Kingery

Firket

Hargitt

Cowperth-
waite

Date

19356

1904

1908
1909
1912

1906

1909

1916

1917

1917

1920

1925

1926

Table 1 cont.
Animel)
BIRDS

Sparrow

MAMMALS

Pig
Reabbit

Cat, Rabbit
Mole
Guineea pig
Porpoise

Cat

Cat

Mouse
Armﬁdillo
Mouse

Chick
Albino rat

Rat

38

Remarks on Germ Cella

Germ cells first seen
in yolksac splanchno-
Pleure.,

Functionel germ cells
from peritoneal cells,

Early segregetion of
primordial germ cellsg
located in entoderm and
give rise to definitive
sex cells,

Primordial germ cells
(ova) present but not
functional. Funoctional
cells arise from epi-
thelium of peritoneum.

Definitive germ cells
from germinal
epithelium.

Oogonie from primordial
cells, spermatogonia
from epithelial cells,

Germ cells first seen
in entoderm of blasto-
cyst.

Ova from germinal
epithelium.

Early primordial germ
ocells degenerate, not
progenitors of definitive
sex cells.

Germ cells from germinel
epithelium.

No origin of germ cells
from germinal epithelium.



Table 1 cont.
Author Date Animal Remarks on Germ Cells
MAMMALS (cont.)

Butcher 1927 White rat Primordial germ cells
degenerate, definitive
sex cells from
germinal epithelium

Brambell 1927 Mouse ’ Ova from germinel
epithelium.

Heys ) 1931 Albino rat Germ cells are early
segregeated cells.,

da Costa 1932 Guinea pig Primordial germ cells
first seen in allentoloc
mesoblast.

Politzer 1933 Man Germ cells first seen

in yolksac entoderm of
presomite embryo.

Hamlett 1935 Man Germ cells occur in mid-
gut, not found elsewhere.

Bookhout 1937 Guinea pig Early primordial cells
degenerate, not ancestors
of definitive sex cells.

Trabucco 1938 Rebbit Germ cells loceted in
7 day embryo. Early
differentiated cells,

Kingsbury 1938 Cat No functional ove from
germinal epithelium, all
from primordiel germ cells,

Everett 1942 Opossum Germ cells from
germinal epithelium,

Everett 1943 Mouse Primordial germ cells are
set aside early in
development, first seen
in entoderm.

Witschi 1948 Man Primordial sex cells
first found in yolksac
and allantoic extension
of yolksao.
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2. Fishes

Our discussion will be confined principally to the problem as it
concerns the history of the germ ocells in fishes. The brief historical
acoount will be followed by my own findings in the largemouth black bass.

A. Cyclostomes. One of the first accounts dealing with the germ

cell history in cyclostomes was that of Goette (1890). This investigator

thought that the germ cells in Petromyzon fluviatilis were mesodermal in

origin. The works of Wheeler (1899) on Petromyzon planeri, Beard (1902)

on Petromyzon planeri, and Okkelberg (1921) on Entosphenus wilderi (Gege)

all support an early segregation of the germ cells from blastoderm cells.
Butoher (1929), however, presented evidence that the germ cells in

Petromyzon marinus unicolor have a dual origin: nemely, from early segre-

gated cells and from the coelomic mesoderm.

B. Elasmobranchs. Semper (1875) belisved that in plagiostomes the

germ cells arose in the coelomic epithelium covering the gonad. Balfour

(1876, 1877), working with Soyllium and Pristiurus, concluded that the

germ cells probably had their origin in the mesodern. Ruckert (1888)

and Ven Wijhe (1889), however, also working on Soyllium and Pristiurus,

theorized that the germ cells arose from a portion of the segmental
mesoderm called the gonotome. Beard (1900), after investigating Raja

batis and Pristiurus (1902), reported that the germ cells in these forms

arose from early segregated cells. Woods (1902) first recognized the

germ cells of Squalus acanthias in the entodera.

C. Actinopterygians. The only complete work om the germ cells of

more primitive members of this group is that of Allen (1911), who found

that in Amia and Lepisosteus the germ cells could be recognized in early

stages of development in the entoderm of the subgerminel cavity near the
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region of the hindgut. He described them as being very large cells ocon-
taining many yolk granules and capable of independent movement. He
found that in Amia practiocally all the germ cells reach the gonadal pri-

mordia while in Lepisosteus only ebout half of them reach their destin-

ation. In addition, he concluded that in both forms the number of pri-
mordial germ cells is subject to individual variation,

The initial study of the germ cells in higher members of this group,
that of Nussbaum (1880) on the trout which resulted in the advanocement
of the early segregation theory and its incorporation in the germ cell
continuity hypothesis of Weismenn in 1886, has already been mentioned.

Another of the earlier studies is thet of Eigenmeann (1891) on Micrometrus

aggregatus. Aoccording to him the primordial germ cells were segregated
as early as the fifth or sixth segmentation. However, he states that,
%", ., the sex cells can first be distinguished from the surrounding cells
about the time the blastopore closes., ...[in eggs]lin which the mesoderm
is not yet split off from the entoderm" (p. 483).

Bohi (1904) believed that the germ cells in the salmon and trout
originated in the germinal epithelium and that they were of mesodermal
origin.

Fedorow (1907), working on Salmo fario, observed the germ ocells in

the somatopleure and splanchnopleure of the eighteen=day embryo. Most of
them were in the somatopleure and became lodged there when the splanchnic
and somatic layers separated from one another.

Dodds (1910) found that in Lophius piscatorius the primordial germ

cells could be recognized in the primery entoderm before the formation of
the embryo proper: "... at a stage when the blastoderm has not quite

half covered the yolk and the formation of the embryo has but begun"
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(p. 694). He found that the primordial germ cells could be recognized
by the presence of an extruded plasmosomal body and that at one time all
of them were located in the myotome and migrated through it. In addition
he found that the primordial germ cells do not divide during their migrat-
ion prior to reaching the gonad region and that their migration was in
part active and in part passive.

Sink (1912) found that in Opsanus tau the germ cells first could be
recogniged in the gut entoderm and many were in the process of mitosis,
Later, they migrated from the entoderm through the mesentery to the germ
ridges ventral to the pronephric duots where they became about evenly
distributed between thes two sex glands. He recognized them by their
large size, circular outline and well defined nucleus and nucleolus.

The origin and migration of the germ cells in Amiurus nebulosus

were studied by Bachmann (1914). She found that they were first recog-
nizable in the margins of the lateral plate as amoeboid cells containing
yolk granules and possessing peculiar staining capacities. In young
embryos the germ cells were located in the mesoderm near the region of
the oclosing blastopore, and in embryos 3.2 to 3.7 millimeters long, they
appeared in the mesoderm anterior to the point of attachment of the tail
to the body. She found no particular characteristic which could bes used
to 1dentify the primordial germ cells such as Dodds had foumd for Lophlius,
nor did she observe any trﬁnsition of peritoneal cells into germ cells.
Richards and Thompson (1921), in their study of the sex cells of

Fundulus heteroclitus, found that the earliest stage in which the germ

cells could be recognized was when the germ ring had just olosed and the
tall was just begtnning to elongate., At this time the sex cells were

located in the extra-embryonic region lateral to the undifferentiated
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entodermal ocell mass of the posterior half of the embryo. According to
them, the migration of the germ cells is passive, resulting from the
normal processes of growth. They believed that the germinal path led
from the peripheral entoderm into the mass of undifferentiated entodermal
cells. When this cell mass split to form gut entoderm and lateral meso-
derm, the sex cells proceeded mesiad with either the somatic or splanchnie
layer. By the time the gut is formed the primordial cells are lateral to
it, and eventually they become located in the splanchnic mesoderm. From
here they migrate dorsed around the hindgut, then to the region ventral
to the Wolffian ducts. These workers described the sex cells of Fundulus
as possessing a lightly staining oytoplasm, a linin system connected with
two centrally located nucleoli, and a peripheral arrangement of the chrom-
atin in the nucleus, the last characteristioc being a constant distinguish-
ing feature. A large centrosome usually was present in the ocytoplasnm,
even when the cells did not appear to be preparing to divide.

Essenberg (1923), studying sex differentiation in Xiphophorus

helleri Heckel, found that the primordial germ cells were the largest
cells in the body of the fish, having an average diameter of 14.4 micra
with a nucleus of 8.4 miocra in diameter. He found that the nucleus took
a lighter stain than the oytoplasm, possessed one or more distinot nucle-
oli, and contained chromatin arrenged in loops and atrgndc immediately
adjacent to the nuolear membrene. He reported that the ovary in fishes
of a certain length underwent regression and the primordial germ cells
appeared to disintegrate. He believed thet in the female the definitive
goerm ocells originated later from peritoneal cells and from "free"™ colls
in the ovarian cortex, and that in the male the definitive germ cells
originated from peritoneal cells. However, the fate of the primordial

cells in the meale was uncertain.
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Van Oordt (1924), working on the seme species, reached the same
conclusions regarding the origin of the definitive sex cells.

Reinhard (1924) found that in Scardinius the germ cells arose from

glant cells of the periblast. He termed these cells "Riesenzellen" and
thought that they originated from periblast nuclei and that they migrated
into the mesoderm by amoeboid movement.

Giant cells also were observed by Hann (1927) in Cottus bairdii

Girard. He found no evidence that they came from periblast nuclei and
oconsidered them to be entodermal in origin. He found that the primordial
germ cells were derived from these giant cells and that they gave rise to
the definitive sex cells of both sexes. Although he does not indicate
how the germ cells migrate, from his description it appears that this
migration was passive, resulting from the shifting of the gut ventrad.
Foley (1927), studying the spermatogenesis in the male mud minnow,

Umbri 1limi, conocluded that the spermatogonia were derived from stromal

cells of the testis and not from the primordial germ cells.

Wolf (1931) concluded from his studies on Platypoecilus maculatus

that the definitive ova have a dual origin: mainly from the primordial
germ cells, and to a lesser degree from the germinal epithelium. How-
ever, he believed that the spermatozoa arose only from the primordial
germ cells. He described the primordial germ cells as being amoeboild,
that their migration from the periphery of the lateral plate to the
lateral aspects of the gut was active, but that their further migration
and relocation within the gonadal primordia was passive,

In 1934, Goodrich, Dee, Flynn and Mercer found that in Lebistes

reticulatus the primordial germ cells ocould be recognized in the mesento-

derm of the early gastrula and that later they became incorporated in the

embryonic shield, where they were divided into two groups by the formation
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of the nerve wedge. They concluded that in this form the primordial gem
cells gave rise to the definitive sex cells and that none was derived
from stromel cells.

Maschkowziff (1934) claimed that in the Salmonidae and Acipenseridae
the primordial germ cells are of two sizes and are first located in the
gut entoderm. He further eclaimed that the primordial germ cells are di-
morphic from the very beginning and that this dimorphism is dependent on
the amount of yolk present. He says (pp. 65=66):

"pDie primBren Geschlechtszellen sind von zweierlei Typus:kleine

und grosse; ihr Unterschied wird durch die verschiedene Quantitat

an Dotter im Protoplasma hervorgerufen. ... Bel grosser Dotter-

menge dominiert der weibliche Faktor, d.h. die grossen Ureiler

sind Geschlechtszellen vom weiblichen Typus. Bei einer kleinen

Quantitét Dotter dominiert der mannliche Faktor, d.h. dle kleinen

Ureier sind vom ménnlichen Typus.”

He reported that the germ cells migrate from the gut entoderm through
the dorsal mesentery to the region of the nephrostome, where the gonad
later developed. I believe that this author's work is unique in mein-
teaining that there is a dimorphism in the primordisl germ cells.

Bennington (1936) found that in the adult male of the Siamese fight-

ing fish, Betta splendens, the germ cells arise from residual cells which

were left over from the previous spermatogenic cycle. These residual
cells are lineal descendents of the primordial germ cells. Bennington's
observation agrees with the conclusions reached by Hann (1927) for Cottus.

Odum (1936) found that in the toadfish (Opsanus tau) the primordial
germ cells occur in two uniform strands in the posterior region of the
coelom. Sex is related to the fate of the strand. 1In the male the
posterior portion develops, and in the female the anterior portion de-
velops. He found somo'degeneration of the primordisl cells, and in the
female a wholesale transition of stromal cells into germ cells.

Dildine (1936) found the germ cells in the mesentoderm of Lebistes
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reticulatus soon after gastrulation. Most of them ley mesially, in the

mesoderm of the prospective somite. A few, however, lay lateral to the
somite and moved into the lateral plate as it was differentiated. He
suggested that the mesial germ 69118 may have passed through the somite
during their migration into the lateral plate. Coincident with the
formation of the coelom, 8ll of the germ cells moved into the splanchnic
mesoderm and shifted dorsad around the gut and through the dorsal mes=-
entery.

Moore (1937) traced the origin of the germ cells in Salmo irideus

Gibbons, found that they were set aside early in the development of the
embryo, and that they were first located in the splanchnopleure of the
hindgut. The earliest stage in which they were recognized was in the
nine-~day embryo. From this place of earliest recognition, they migrated
through the dorsal mesentery to the germ ridge, and after arriving there
they migrated craniad. As a result of this migration craniad, the gemm
ridge came to consiat of certain regions containing germ cells and other
regions with no germ cells. He conoluded that the primordial germ cells
gave rise to both ova and spermatozoa. Regarding the origin of the pri-
mordial cells, he says: "... and since there is no evidence of differ-
entiation of the germ cells from somatic ocells, it is possible that these
cells are of blastodermic origin® (p. 107).

From the foregoing accounts it is apparent that considersble divers-
ity of opinion exists regarding the origin, migration, and ultimate fate
of the germ cells in fishes. While it is not possible to discuss all of

them in this paper, some will be given further consideration.



Observations on Mioropterus salmoides salmoides

l. Characteristies of the Germ Cells

Although the descoriptions of germ cells of vertebrates differ in
detail, certain general characteristics have been found to obtesin. In
vertebrates the early germ cells usually are characterized by yolk gran-
ules and attraction spheres in their cytoplasm, by their large size and
definite nuclear and celluler membranes, by their darkly staining nuolei
and hyaline cytoplasm, and by their ability to migrate independently.
Less commonly observed features of them are the extrusion of plasmosomal
bodies into the cytoplasm (Dodds 1910), the difference-in the shape of
their mitochondria as compared to somatic cells (Rubaschkin 1910 and
Tschaskin 1910), the possession of vitelline bodies (King 1908 and Ok-
kelberg 1921), the peculier configuration of their Golgi bodies (Woodger
1925), and a characteristic peripheral arrangement of the chromatin in
the nucleus (Richards and Thompson 1921). Most investigators prefer to
rely not on any particular characteristic for their identification but
on the géneral appearance of the germ cell itself, because it has been
shown that these several characteristics may vary with the specles stud-
ied, with the type of fixation and stain used, and even with the physio-
logical state of the germ cells at the time of fixation.

In the largemouth black bass the germ cells may be recognized by
their large size (figs. 28, 31, 35 and 38), by their granular cytoplesm,

by their definite nuclesr end cellular outlines (figs. 27, 31, 35, 38

" and 42), by their capacity for independent movement (figs. 31 and 32) by the

presence of an ;ttraotion sphere during certain phases of their migration

(figs. 29, 33, 34 and 38), and by the diffuse arrangement of the chromatin
47



48
in their nuclei as ocompared to that of somatic cells (figs. 33 and 39).
No primordial germ cells were observed to possess yolk granules, a
feature which agrees with the findings of Dodds (1910), who also failed
to observe yolk granules in the primordial cells of Lophius. Dodds
(1910, p. 579) remarks that "The germ cells of most vertebrates so far
studied are up to gquite a late stage filled with deeply staining yolk
spherules which cause them to stand out prominently among the surround-
ing cells. In my preparations, they are marked in no such conspicuous
menner,"

It cannot be emphasized too strongly that in spite of the apparent
distinguishing characteristics noted above, recognition of the germ cells
comes only after many hours of observation during which they are traced
through their verious phases of migration in successive stages of devel-
opment., As Blooker (1933, p. 118) has written, "It is necessary ... to
take into consideration the changes undergone by the germ cells them-
selves, in order to follow them from their place of orizin to their final

location in the germ glands."

2. Size of the Germ Cells

In the largemouth black basas the germ cells vary in size in the
various embryos and 1arv§e. Their size was determined in a series of
embryos, larvae and fry ranging from embryos thirty-two hours in age to
fry thirteen millimeters in length. Measurements were made with a cal-
ibrated ocular micrometer under oil immersion at a magnification of 1350
diameters. These measurements were averaged for each embryo, larva and
fry and the averages are presented in the following table. The number

of measurements made in each developmental stage is given in parentheses.



Table 2
Table of Average Measurements of Germ Cells

in Miorons, 1350 X

Stage of Development Average Size in Microns
37=-hr. embryo (9) 12,451 X 13.003
42-hr. embryo (12) 10.86 X 14.245
44-hr, embryo (15) 12.10 X 12.32
47-hr. embryo (10) 11.13 X 13.44
4,5-mm. larva (10) 11.09 X 13.45

11- and 13-mm. fry (8) 11.17 X 13.72

The size of the germ cells was least variable in the forty-four<hour
embryo and was most variable in the eleven- and thirteen-millimeter frye.
The germ cells were most nearly spherical in the forty-four-hour embryo
and were least nearly spherical in the forty-two-hour embryo. The ellip-
tical form encountered in the germ cells of the forty-two-hour embryo mey
be attributed to the fact that at that time they were migrating from the
subintestinal yolksac extension into the splanchnic mesoderm below the
gut (figs. 29 and 33).

Mention must be made of the size differences between the primordial
germ cells and the cells with which they are most often confused, the
hemocytoblasts (primitive blood cells). Figure 37 is a photomicrograph
of a cross section through the yolksac extemnsion of a forty-five-hour
embryo from which its membranes were removed. During manipulation its
ventral mesentery was slightly torn but its genersl relationships are
still apparent. Here a germ cell and a cell identified as a hemocytoblast
are seen lying side by side. The hemooytoblast is identical with those
found in the primitive blood vessels. In an enlargement of the two cells
(fig. 38), the attraction sphere of the germ cell is very clearly shown.
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The granular oytoplssm of the primordial cell appears as a "oap" surround-
ing the nucleus. This cell is about 3.6 times as large as the hemocyto-
blast. By sctual measurement the ratio of the volume of the nucleus to
that of the cytosome is 9314 for the hemocytoblast and 3339 for the pri-
mordial germ cell, The nucleus of the hemocytoblast is relatively greater
in volume as compared to the total volume of the cell than is that of the

germ cell.

3. The Number of Primordial Germ Cells

A question that usually arises in an investigationm of the germ cell
history is that of the number of primordial germ cells., In the present
study the germ cells were counted and their positions relative to the gut
and the pronephric ducts were recorded for a series of embryos, larvae
and fry ranging from the thirty-seven-hour stage to the thirteen-milli-
meter stage., Extreme care was exercised to obtain scourate counts. This
was facilitated by the size of the germ cells themselves, which usually
did not extend through more than two sections ten micra in thickness. The
section containing the maximum portion of the nucleus arbitrarily was
recorded as the one in which the germ cell was loocated.

The number of primordial germ cells was found to vary from individual
to individusl snd from series to series of collections. As few as 21
were couptod in a thirty-seven-hour embryo and as meany as 105 in a thirteen-
millimeter fry. The low number obtained in the thirty-seven-hour embryo
undoubtedly should be attributed to difficulty of recognition, since as
embryo end larval development progressed recognition of the germ cells
became inoreasingly easier. It is logical to assume that the inorease in

number was due to division of the germ cells. However, a careful study
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of numerous embryos, larvee and fry was made but in none of them was a
germ cell seen to be dividing.

The usual relationship of the germ cells to the gut and pronephric
ducts in 8 3.4-millimeter larve is shown in table #3 (pf). The total
number of germ cells reocorded for this individual is 61, about the aver-
age number for larveae of this length. The number of sections, ten micra
thick, cranial to the anus in which germ cells were found is noted in the
left hand column. The number of germ cells in each section is recorded
in the center column eand their positions relative to the gut and pro-
nephric ducts are recorded in the right hand column.

While counting the germ cells it was observed that in the 3.5-
millimeter larvae they were concentrated near the midline and were re-
stricted to an area 280 micra in length, beginning with the eighth section
creniad of the anus and continuing cranied through the thirty-sixth
seotion. In the 5.5 to 6.5-millimeter larvae the germ cells were distrib-
uted laterally, in the region ventral and ventrolateral to the pronephric
ducts. In larvae of this length, the germ cells were restricted to an
area 300 micra in length, beginning with the eighteenth section craniad
of the anus and extending through the forty-eighth section. Text figure
10 is a graphic representation of the lateral and cranial shifting of the
germ cells. In this figure, the midline of the larvae is designated by
the solid center line of the graph. The graph is thus divided into right
and left portions corresponding to the right and left sides of the larvae.
The positions of the germ cells relative to the gut and pronephric ducts
are plotted along the vertical axis and the number of sections anterior
to the anus is represented on the horizontal axis. fhe solid circles
represent germ cells of 3.5-millimeter larwvee, and the open ecircles repre-

sent those of 5.5~ to 6.5-millimeter larvae. In the 3.5=-millimeter larvae



Text Plate 3

Explanation of Figure

v

10 A graphic representation of the distribution of the germ
cells in 3.5-millimeter larvae and 5.5- to 6.5-millimeter
larvae., The germ cells of the 3.5-millimeter larvae are
represented with solid circles and those of 5.5- to 6,.5-
millimeter larvae with open circles. The positions of the
germ cells relative to the gut and pronephric ducts is
plotted along the vertical axis and the number of sections
anterior of the anus on the horizontal axis.
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Table 3
Germ Cell Count in a Prehatching Embryo

3.5 mm. in Length 46 to 47 Hours in Age

Section oranisl of anus Number of germ cells Relative location

8

-

In yolksac extension
ventral to gut.

9 o
10 1 Ventrolateral to gut.
11 o)
12 o
13 2 1 dorsomedial to gut, 1
dorsolateral to gut.
14 6 Dorseal to gut.
16 4 Dorsolateral and medial
to gut,
16 7 Dorsolateral and medial
to gut.
17 5 Dorsomedial to gut.
18 3 Dorsal to gut.
19 3 Dorsal to gut.
20 6 4 dorsal, 1 lateral, 1
dorsolateral to gut.
21 1 Dorsal to gut.
22 1l Dorsal to gut.
23 1 Dorsal to gut.
24 1l Dorsal to gut.
25 2 Dorsal to gut.
26 o
27 1 Ventral to left pronephric
duct.
28 1 Ventral to left pronephric
duct.
29 2 Dorsomedial to gut.
30 o
31 4 Dorsomedial to gut.
32 1 Dorsal to gut.
33 ) § Dorsal to gut.
34 3 Dorsomedial to gut.
35 o
36 1 Dorsomedial to gut.
Total 61

52



53
the first germ cell was found in the eighth section anterior to the anus.
with the exception of those in sections twelve, fifteen, sixteen, twenty-
seven, and twenty-eight, the majority of the cells were situated near the
midline or slightly lateral to it. In the 5.5- %o 6.5-millimeter larvae
the most posterior germ cell was found in the eighteenth section anterior
to the anus and wag situated near the midline. Farther craniad, however,
the germ cells were observed to lie more and more lateral in position and
were situated in the region of the definitive gonad, ventral or ventro-
lateral to the pronephric ducts. From this graph it may be noted that
the germinal area of the 3.5-millimeter larvae extends through 28 sections
or 280 micra, whereas, that of the 5.5~ to 6.5-millimeter larvae extends
through 30 sections or 300 micra. The relative lengths of the germinal
areas is about the ssme for the two larvee, except that in the 5.5~ to
6.5-millimeter one it has shifted about 100 micra farther forward from
the anus. This shift of the germinal area in the 5.5~ to 6.5=-millimeter
larvae may be attributed in part to a migration craniad of the germ cells
themselves and in part to a lengthening of that portion of the hindgut

posterior to the germinal area.




4, History of the Germ Cells

A. General Consideration. The history of the germ cells in the

largemouth black bass may be divided into two primary stages each of
whioh may be subdivided into periods and phases (Table 4). These several
divisions may be correlated, furthermore, with various 1ife history

stages (Table 4).

Table 4

The History of the Germ Cells

in the Largemouth Black Bass

Developmental Stage Division of Germ Cell History
Blastoderm to 6.5 mm. Pregonadal stage
Blastoderm to 32 hrs. Prenigzration period including
loous of earliest recognition
32 hrs. to 6,5 mm. Migration period
32 hrs. to 47 hrs. Yolksac extension phase
37 hrs, to 4.0 mm. Splanchnopleure phase
3.5 mm. to 6,5 mme. Retroperitoneal phase
6.0 mm. to adult Gonadal stage
6.0 mm, to 3.0 cm. Germ gland formation period
20 mm. to 3.0 om. The indifferent period
3.0 cme to 4.5 om. Sex differentiation period

B. Premigration Period. In an embryo of sixteen to eighteen hours

of development, ebout the time of blastopore closure, an excrescence of
large cells was observed in the region of the dorsal lip of the blasto-
pore (fig. 16). A careful study of sagittal serial sections revealed

that these cells, or at least some of them, make their way into the embryo
between the mesentoderm and the periblast (fig. 17). I believe that

these cells are the forerunners of the primordial germ cells seen later
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in the periblast below Kupffer's vesicle., This belief is supported by
the fact that their size is about the same as that of the cells positive-
ly identified as germ ocells. If this interpretation is correct, this
excrescence represents the earliest stage at which I have been able to
jdentify the germ cells in this species. Here they seem to be definitely
segregated and set aside for a future migration into the embryo.

In an embryo of twenty-two hours of development cells similar to
those in the dorsal exorescence were observed in the periblast in the
vicinity of Kupffer's vesicle (fig. 27). These cells in the periblast
measured approximetely 12.0 by 12.5 micra. In later stages of develop-
ment they ocome to lie in the caudal extension of the yolksac. It appears
that as the tall differentiates and lengthens a subintestinal extension
of the yolksac is carried back,with the result that the gern cells are
shifted caudad. In embryos of thirty-two hours of development the germ
cells are situated dorsally in the subintestinal yolksac extension (fig.
25)., They possess a definite outline, granular cytoplasm, and measure
approximately 12.5 by 13.0 miora. The migration of these cells from this
extension of the yolksac is described in the following section.

C. Migration Period. The first phase of migration, the yolksao

extension phase, was observed in embryos of thirty-seven hours of develop-
ment. At this stage the germ cells were observed in apparent migration
from the subintestinel yolksac extension into the mesoderm ventral to the
gut. Figure 29, a transverse section through a thirty-seven-hour embryc
at the level of junotion of the yolksac with its caudal extension, shows
two germ ocells believed to be in migration. One is located in the dorsal
portion of the yolksac extension and is pa#sing into the mesoderm ventral

to the gut. The other has completed its passage and is lodged in the
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splanchnic mesoderm dextroventral to the gut. It is significant that the
germ oells do not enter the gut entoderm, nor are they immediately as-
gociated with it. The impression is gained that the lowermost cell is
apparently dissolving the mesodermal cell against which it is resting.
It would appear that the germ cells possess some cytolytie property
which enables them to pass through layers and masses of cells. However,
they may merely wedge their way between the mesodermal cells. Each
primordial germ cell possesses a centrosphere in the trailing side of the
cytoplasm.

This first migration phase continues for several hours. A section
of a forty-one-hour embryo, taken at the same level as figure 29, shows
two germ cells in the mesentery ventral and to the left of the gut (fig.
26). The characteristic diffuse arrangement of the chromatin in the
nucleus and the granular condition of the cytoplasm are evident. Con-
vineing evidence of an amoeboid movement was observed in forty-four-hour
embryos. In figure 30 a germ cell is seen projecting into the cavity of
the yolksac extension ventral to the left pronephric duct. This ocell is
on its way from the extension into the mesentery above. A higher magni-
fication of the promephric duct region reveals that the germ cell pos-
sesses a blunt pseudopodial extension which projects into the mesoderm
above (fig. 31). Figure 32, a still higher magnification of the region
immediately adjacent to the cell, shows the extent of the pseudopodium.

In other forty-four-hour embryos the germ cells have migrated into
the mesoderm ventral to the gut and are located to the right and the
left of it. In figure 33, the difference between the nuclei of the germ
cells and those of the somatic cells of the gut and surrounding tissue

ars clearly demonstrated. In a section somewhat posterior to that
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represented in figure 33, a germ cell is seen in the dorsal part of the
cavity of the yolksac extension just ventral to the right promephric duct.
The definiteness of its cellular outline and the presence of an attraction
aphere to the right of the nucleus should be noted (fig. 34). Sectioms
taken further ceaudad show that the germ cells lie in the mesentery ventral
to the gut. In figure 35, representing a section almost at the posterior
end of the yolksac extension, a germ cell ocoupies a position in the
mesentery dextroventrolateral to the gut. Its outline is very definite
and the cell stands out conspicucusly among the flattened cells of the
mesentery. It appears that the germ cells are capable of retaining their
definite outlines even when surrounded by other tissue cells. This qual-
ity is retained throughout their history.

Text figure 8 represents diagrammatically the path of migration taken
by the germ cells. The germ cells are indicated by black dots and are
shown passing from the yolksac extension into the mesoderm ventral to the
gut and then dorsad around the gut through the splanchnioc mesoderm to the
dorsal mesentery. This ends the first phase of migratiom.

The second phase of migration begins when the germ cells have entered
the splanchnic mesoderm. In embryos of mnear hatching age, the germ cells
were observed in the process of migration dorsad in the splanchnic meso-
derm around the gut end are to be found in various positions in it. In
embryos of this age the gut is a well-formed tube consisting of a single
epithelial layer with an indiscrete basement membrane. A transverse
seotion through the hindgut region of a forty=-seven=hour laboratory
hatched embryo shows two germ cells lying in the mesoderm (fig. 40). 1Im
other 3.5 millimeter larvae the germ cells are found in the splanchnio
mesoderm ventral and vonﬁrolateral to the gut. Their outlines are very

distinct even though completely surrounded by mesenteric cells (fig. 42).
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The section represented in figure 42 is taken posterior to that shown in
figure 36 and is ocompletely posterior to the yolksac extension. 1In this
section four germ cells are present in the splanchnic mesoderm, two ven-
tral to each pronephric duct. The basement membrane of the gut is very
definite and it is clear that the germ cells are not located in the ento-
derm. Careful observation discloses that flattened mesodermal cells are
present between the germ cells and the gut., The germ cells seem to be
jnterposed between the layers of coelomic mesoderm. Thus, it appears
that the germ cells are following the potential coelomic cavity as a
route of migration.

In four millimeter larvae the germ cells lie in the mesentery dorsal
to the gut. Larvae of this length are one to two days old and move sbout
by vigorous lashings of the tail. Most of the ochanges whioch have occurred
betwsen the 3.4=- and the 4,0-millimeter larvae are internal, involving
the yolksac and the gut. The midgut is slightly curved to the left and
the liver is beginning to form between the yolksac and the body wall.

The coelom is beginning to form in the posterior trunk region.

Seotions through the hindgut region of a 4.0-millimeter larve show

that the germ oells are situated in the dorsal mesentery near the crest of
the gut (fig. 44). Even at this early stage the germ cells are retro-
peritoneal and are ready to begin their third phase of migrationm. This
relationship is better seen in 4.5~ and 5.5—m1111met6r larvaes., Seotions
of the hindgut of larvae of this length, two days after hatching, show
that the germ cells now lie above the peritoneum. 1In figure 46, a seotion
through the hindgut of a 5.0-millimeter larva, three germ cells lie ven-
tral to the pronephric ducts, two on the right and one on the left., Con-
siderable change has taken place in the gut and coelom as compared to

the oondition found in the 3.6-millimeter larvae. The coelomic Spases
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are very well defined and the gut epithelium has assumed a columnar ar-
rengenent. The dorsal mesentery is relatively much thinner thean before
and there is some evidence of the formation of wvascular channels.

The third migration phase, the retroperitoneal phase, was observed
to begin in 5.5~ to 6.5-millimeter larvae, three to five days after
hatching. In the retroperitoneal phase the germ ocells shift laterally
from & concentration along the midline to a position ventral and ventro-
lateral to the promephric duots. The beginning of this shifting is ob-
served in 5.6~ to 6.5-millimeter larvae. In figure 47, a section of the
hindgut of a 6.5-millimeter larva, four germ cells are represented. Two
1ie ventrsl to sach of the pronephric ducts, slightly to the right and
to the left of the dorsal mesenteric limbs. The epithelium of the gut
has been thrown up into four major folds, two of which show in this
seotion. In sections further craniad the germ cells are situated in a
more lateral position and have reached the site of the future gonad (fig.
48). This migration phase is demonstrated graphically by text figure 10.
In this figure the germ cells of 3.,5- to 4,0=millimeter larvae are repre-
sented by solid circles and those of 5.,5-to 6.5-millimeter larvae by open
circles. From a midline concentration in the 3.5-millimeter larvae the
germ cells have spread laterad and eraniad in the 5.5~ to 6.5-millimeter
larvee so that they roughly approximate the definitive position of the

gonads,

D. Germ Gland Formation, The condition of the germ cells in the

6.5« to 7.5-millimeter fry is much the same as that found in the 5.0-
millimeter larvae. In the 8.0-millimeter fry, however, the germ gland
begins to difforentiito.

After reaching the gerp.gland site, the germ oells, now primary

gonia, are invested with mesenchyme ocells and are completely set off from
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the surrounding tissue. Figure 51, a photomierograph of the gonad of an
8.0-millimeter fry, serves to 11lustrate this condition. The gonium is
surrounded by mesenchyme-epithelial cells derived from the peritoneum
and subjacent mesenchyme. At first glance it appears to be naked on its
coslomic side, but careful observation discloses it to be underlaid by
thinly-stretched mesenchyme or peritoneal cells. The one-layered condi-
tion of the epithelium is rapidly changed to a two-layered ome. This is
brought about by proliferation of the cells already present in the epi-
thelium and by further investment by mesenchyme cells (fig. 52). Cross
sections of the gonad of an eleven-millimeter fry show that two layers
of epithelial cells now invest the gonia (fig. 63). The inner layer may
be interpreted as a folliocular layer and the outer as a true epithelial
layer. Later these two layers separate and form a cavity, the gonocoel,
between them. In sections more anterior to that shown in figure 53, the
gonad hangs suspended in the coelom by a delicate mesentery derived from
the peritoneum, and in oross geoction has the appearance of a short-
handled club (fig. 54).

In eleven~ and thirteen-millimeter fry the gonad begins to grow
through increase in size and number of the gonia. Fry of this length are
ten to twelve deys old, swim freely, and are quite bass-like. The gut
possesses two or three coils and ends in the straight hi.ndgut. The
urinary bladder is beginning to ‘fom as an evagination from the joined
mesonephric ducts and lies dorsal to the gut and dorsal mesentery, retro-
peritoneally. In this portion of the dorsal mesentery a genital sinus
later forms, which is continuous with the gonocoel of the gonads. The
swim bladder has grown caudad. dorsal to the gonads, which now are
suspended from its ventral sufface as in the adult.

From time to time new 'gonia are added to those slready present so
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that cysts of gonia are formed (fig. 50). This increase in number may
be attributed to division, but since no mitoses have been observed it 1is
possible that the increase is due to a continued migration from behind.
The gonad of the eleven~- to thirteen-millimeter fry is not a continuous
strand of germ cells but is meade up of aggregations of germ cells and
intervening regions devold of them. In gross appearance the gonad re-
sembles s chain of beads spaced at long intervals. Subsequently, there
is a £illing in of the free spaces, and by the twenty-millimeter stage
the gonad has the gross appeerance of a continuous strand. Up until this
time the gonad has been more or less a solid mass. Gonocoel formation
i1s instituted by the separatiom of the epithelial layers of the gonad,
leaving the germ cells contained within the epithelial lsyer which lies
on the mesenteric side (fig. 56). About the time that gonocoel formation
begins, the blood supply to the goned is established and circulation of
blood is indicsted by the presence of numerous blood cells in the gonadal
vessel located in the mesentery. Fry-fingerlings twenty millimeters in
length are approximately twenty-five to thirty days old, and have at-

tained the major charecteristics of the species.

S§. Sex Differentiation

A. Genersl Statement. The period of sex differentiation is that

period during the development of an enimal when sex first becomes recog-
nizdble; The sex chromosomes are generally conceded to be the primary
determiners of sex. Apparently, however, they do not always exert theilr
full influence in the early stages of development since numerous cases
of juvenile hermaphroditism have been observed. Such conditions have

been reported by Hargitt (1905) for several amphibiens, by Grassi (1919)
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for the eel, by Okkelberg (1921) for the brook lamprey, by Mrsic (1923)
for the rainbow trout, by Risley (1933) for the musk turtle, and by
pildine (1936) for the guppy, and by others.
The determining fectors seem first to exeroise their influence on
the gonads, since sex differences are first recognized in the structure
of the gonads and the germ cells.

B. The Indifferent Gonad. Between the twenty-millimeter stage ahd

the three centimeter stage the gonads, while potentially male or female,
pass through an indifferent period. During this period there is a mark-
ed inorease in their size, brought ebout by an increase in the stroma
and by multiplication of the germ cells., The gonads, however, are pre-
dominently stromal in composition. The gonocoel undergoes considersble
enlargement and becomes more or less S-shaped, indicating differential
growth in certein portions of its walls (fig. 56). In some regions the
gonie are in division while in others they are in an interphase. An
anterioposterior gradation of development is discernable during this
period. Somewhat later, sex becomes microscopicelly recognizeble. This
condition will be discussed in the section devoted to the development of

the ovary and the testis.

C. Development of the Ovary. Sex is first microscopically distin-

guishable in the gonads of fingerlings of 3.0 centimeters in length. In
females of this sige some of the gonie transform into oocytes and undergo
growth. Coincident with the growth of the oocytes there is a marked in-
crease in the smount of stroma in the gonad, resulting in the formation
of a tunica ovarii several leayers in thickness (fig. 57). The mesovarium
is quite broad and contains near its bese both an artery and a vein.

The gonocoel, now properly termed an ovocoel, 1is 1rregu1a} in outline and
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is lined with squamous epithelium. A study of serial sections reveals
that the ovocoels of the two ovaries fuse posteriorly to form a common
sinus which continues into the dorsal mesentery of the hindgut as a
median oviduct (figs. 58, 59, & 60). When traced forward, the ovocoels
end blindly within the ovaries.

In the ovaries of the more mature fish of 3.5 centimeters in length,
the ogcytes ocour singly or in oysts in follicles formed by a single
layer of stromal cells., The odoytes are contained within folds of stroma
which project into the ovocoel (fig. 61). Transverse and longitudinal
sections of the ovary reveal that the lamellae have a definite pattern
of arrangement and eare moﬁt highly developed in the middle third of the
ovary. The obeytes in fish 3.5 centimeters long are two to three times
as large as those in fish 3.0 centimeters long and show the beginnings of
primary yolk formation (fig. 63). In certein odcytes in more advanced
stages of growth a light erea of cytoplasm occurs directly around the
nucleus surrounded by a darker peripheral area where yolk formetion has
begun (fig. 64).

In the 4.S-centimeter stage the sexes are distinguishable in gross
dissection. Figure 71, a photograph of the gonads of a 4.5 centimeter
male and female, shows that the overies appear as enlarged distended
structures along the ventral surface of the swimbladder, whereas, the
testes appear as similarly situated thin strands. Sections of the ovary
at this stage reveal that certain oocytes appear to be growing more
rapidly than others. In those ogcytes undergoing rapid growth, the
nucleus assumes a condition similar to that found in ripe ove., The chro-
matin loses its reticular structure and is broken up into numerous round-
ed bodies arranged peripherally along the nuoclear membrane (fig. 62).

This arrangement is probably significant in connection with yolk formation.
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In addition to o%oytes in advenced stages of growth, numerous smaller
oocytes and even oogonia are present (fig. 62).

In fingerlings 6.0 to 8.0 centimeters in length the ovaries appear
es distended elongate bodies located posteriorly in the coelom (fig. 72).
The thin-walled sinus is even more evident than in previous stages (fig.
72). Sections of overies at this‘timo reveal secondary yolk formation
in oertain of the lerger oacytes. This is indicated by the formetion of
vecuoles in the darker peripheral cytoplasm. The later history of the
egz has not been followed in this investigation.

D. Development of the Testis. The organization of the testis ap-

parently proceeds at a slower mate than does that of the ovary. Not
until the 4.0 centimeter stage is reached does 1ts differentiation be-
come recognizable., The testis of fingerlings of this length bears little
resemblance to that of older fish. The early testis differs structurally
from the early ovary in the size of the gonocoel, the size of the gonie
(spermatogonia), end in the relative emount of stroma present. The gono-
coel, now properly termed the testocoel, is much smaller than that found
in the early ovary and is lined with a low, irregular cuboidal epithelium
instead of a squamous epithelium as is the ovocoel. The testis is pre-
dominantly germinal in composition. It lacks the thickened tunic whioch
ocovers the ovary sand is suspended in the coelom by a delicate mesorchium
(fig. 66). No germ cells lie in the epithelium, but lie in the sub-
jacent stroma and deeper in the gonad. Some of the germ cells ococur in
oclusters snd others occur singly, but all are surrounded by stromal cells.
Most of the spermatogonis are similar in size but occasionally one is
found that is slightly larger than the others. Whether these ooccasional

ones eare enlarged spermatogonia or are aberrant oocytes has not been
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determined. Some of the germ ocells appear to be radially arranged
around a potential lumen. Even so, each is surrounded by stromal cells.
The testis of this and later stages of development (fig. 73) exhibit an
anterioposterior gradation in development, being more highlj developed
posteriorly. A olue to tubule formation, which occurs in this species,
is obteined from sections taken posterior to that shown in figure 65.
The testocoel gives off numerous branches which penetrate the stroma
between the germ cells so that they come to lie around them (fig. 66).
Since these branches project in all directions and teke tortuous paths,
oross sections of them are obtained in any plene. This explains the
radiel disposition of the germ cells described earlier. Morphologically
the testocoel would correspond to a primary collecting duot and its
branches to secondary and tertiary collecting ducts.

In the 5.0- to 6.5-centimeter stage the testis has reached a defin-
ite tubular form and is enlarged and dorsoventrally flattened (fig. 67).
The germ cells are located in the walls of the tubules, occur singly,
and are separated by stromal cells (figs. 69 end 70)., The tubules con-
sist, then, of both spermetogonia and supporting stromal cells. The
germ cells appear to lie in but not to form the epithelium of the tubules
(fig. 70). The epithelium of the tubule is derived from the testocoel,
and each tubule is delimited by & connective tissue layer of stromal
cells.

In this as in the preceeding stage, most of the spermatogonia are
of approximately the same size. The testis at this stage also shows an
anterioposterior gradation in development ;nd is more highly orgenized,
postefiorly. Sections taken through the posterior portion of the testls

show more definite tubule formation (fig. 68). The primary collecting




duct lies neer the mesial side of the testis (fig. €8) and fuses post-
eriorly with a similar one from the other testis. The common duct thus
formed continues as a ves deferens to its external aperture near the open-
ing of the ureter.

For an account of further changes which ocour in the ovary and
testis prior to and during a seasonal cycle, reference is made to a re-

cent paper by James (1946).




Discussion
Segregation of the Germ Cells

It is generally agreed that the germ cells retain certain general-
ized characteristios or properties which serve to distinguish them from
somatic cells. The nature of these characteristics and of the germ cells
in general will now be considered.

Eigenmann (1891), from work on Micrometrus, believed the germ cells

to be primitive cells beceuse he could trace them back into early stages
of development, probebly to the fifth or sixth segmentation. The works
of Wheeler (1899), Beard (1900-1902), Woods (1902), Fedorow (1907),
Allen (1911), Dodds (1910),'Bachmann (1914), Okkelberg (1921), Richards
and Thompson (1921), Hann (1927), Goodrich et al (1934), Maschkowziff
(1934), Bennington (1936), Dildine (1936), Moore (1937), and others all
point to an early segregation and to & more or less primitive or embry-
onic condition of the primordial germ ecells. Some investigators have
found no morphological basis on which to pass a judgment and contend
that the difference between somatic and primordial germ cells is merely
a physiological one. Others have been influenced by certain physiocal
cheracteristics and believe that the primordial germ cells are undiffer-
entiated. Among these characteristics are their yolk spherules, their
large size, their static condition for long periods of time, and their
capacity for independent movement. Still others believe that the pri-
mordial germ cells are undifferentiated because they possess an attract-
jon sphere or because of their locus in the embryo.

Dodds (1910) found that there was an extrusion of plasmosomel
meteriel from the nucleus in the early germ cells sand for this reason
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concluded that they were less primitive than the somatic cells in which
such extrusions were not noted. Jorden (1917), in describing the cells
of the germinal area in the loggerhead turtle, said that they represented
a low grade of differentiation from cells of the blastoderm, inferring
that they are undifferentiated cells. Because the germ cells remain un-
changed for a long period of time whereas the somatic cells become smaller,
lose their yolk and are organized into tissues, Okkelberg (1921) thought
that the germ cells retain certain embryonic characteristics which serve
to distinguish them from somatic cells.

The primordial germ cells of Micropterus salmoides salmoides are

recognized early in development, and, on the same basis that others
have judged the primordial cells in various forms to be embryonic they
also may be classed as undifferentiated cells. They are large in size
and possess a distinot attraction sphere during certain phases of their
history, are capable of independent movement, and are able to retain
their cellular outlines when in contact with other cells, a property
often lost by somatic cells. They do not possess yolk spherules but
this lack is accounted for by the fact thet few blastoderm cells in the
bass do contain yolk. Most forms whose primordial cells contain yolk
develop from eggs with holoblastioc or deep meroblastic cleavage. In the
bass the blastodisc alone cleaves and little or mno yolk is included in
the blastomeres.

The appearance of the excrescence at the dorsal lip of the blasto-
pore, late in gastrulation, marké the time when the germ cells are first
recognized., It has not been possible to distinguish any potential germ
cells earlier than this. However, this does not preclude the possibil-

ity that they may have been segrogated earlier. Although the manner of
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formation of the exoresence was not determined, it appears to result
from an unequal rate in the streaming movement of the cells during gas-
trulation causing a piling up of the cells at the entrance to the blasto-
pore. The position of the cells in the blastoderm with respect to the
streaming movement might determine which are to become germ ocells,
though the accident of position could hardly be regarded as a determin-
ing factor. Not all of the cells of the excresenocs but only those which
succeed in making their way into the periblast beneath the dorsal 1lip,
become germ cells. Those remaining outside may degenerate or become in-
éorporated in the caudal mass. One reason for thinking that they might
become included in the caudal mass is the fact that they remain surround-
ed by the epidermal stratum., It 1is only after a eertain degree of dif-
ferentiation in other cells has occurred that the primitive condition of
the germ cells makes them conspicuous. Actually it matters little
whether we can trace the germ cells back to the undifferentiated blasto-

derm or beyond, so long as we ocan show that they never haveo assumed any

somatic duties,

Body and Germ Cell Relationships

It has been shown that late in the embryonic devslopment of verte-
brates the germ cells come to lie in the coelomic epithelium covering the
gonad, the germinal epithelium.  This fact led to the concept that the
primordial cells had developed from opithelial cells or were transformed
stromal ocells. Several students of this problem in fishes have found
what they consider to be a trgnsformation of stromal and epithelial cells
into germ cells (B5hi 1904, Essenberg 1923, Van Oordt 1924, Foley 1927,

Wolf 1931, and Odum 1936). This concept has been applied to many other
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vertebrates than fishes, as table 1 indicates. The evidence presented
by many investigators in support of this concept is almost convinoing.
Nevertheless, the following statement made by Beard (1902 C, p. 891) om
this subjeoct, is still applicable: "The change from epithelial cell to
germ=-cell, though asserted times without number, has never really beon
depicted, and in all probability it has never actually been observed. In-
deed, it does not exist."” A few investigators admit that either the fate
of the primordial célls is doubtful, or that they give rise to one or
the other of the sexual elements. It seems quite improbable, if not im-
possible, for definitive sex cells to be derived from primordial ele-
ments in one sex and from somatic elements in the other.

A germinal epithelium, in the sense that it has been describded by
various authors for certain reptiles, birds and mammals, 1s nonexistent
in the bass. For this animal the term ™germinal epithelium" has no sig-
nificance other than to designate that particular portion of the coelomio
epithelium which overlies the gonads. It has already been shown that the
primordial cells, after reaching the primordium of the gonad, remain as
discrete elements and form no part of the epiéhelium. From the very be-
glnning they lie above the epithelial cells of the coelom. ﬁo evidence
of a transformation of stromal or epithelial cells into germ cells was
observed to ocour in either the testis or the ovary of the bass., Neither
is there any indication of a degeneration of the primordisl cells in
either sex, as has been reported to occcur in one or both sexes of some
other fishes (E#seﬂberg 1923, Van Oordt 1924, Wolf 1931, and Odum 1936).
Therefore, I believe that the definitive sexual elements of both sexes

arise only from the lineal descendents of primordial germ cells,




Migration of the Primordial Germ Cells

Two of the most interesting features of the germ cell history are
the path and mode of migration of the primordial germ cells. The path
usually described for higher vertebrates leads from the gut entoderm into
the splanchnic mesoderm, thence dorsad through the dorsal mesentery and
Jatoerad to the germ gland primordia. This same general path of migration
has been cbserved to hold for some fishes, particularly those whioh de-

velop from eggs that undergo holoblastic oleavage such as Amia, Lepis-

osteus, and Acipenser (Allen 1911 and Maschkowziff 1934). Notable vari-
ations among the fishes also have been reported. It may be mentioned
that in Lophius (Dodds 1910) and Lebistes (bildi.no 1936) the germ cells
wers said to pass through the myotomes. Most investigators, however,
have found that in fishes the path of migration of the primordial germ
cells leads through one or both layers of the lateral plate mesoderm and
not through the gut entoderm. One investigator, Wolf (1931), found that

the primordial cells of Platypoecilus maculatus migrate through the soma-

tic layer of mesoderm and pass mesiad into the gonad primordia.

The path taken by the primordial cells of Mieropterus deviates not

only from that usually described for the higher vertebrates but also

from that usually reported for the fishes. The early location of these
cells in the caudal extension of the yolksac and their subsequent migrat-
ion through end between the layers of coelomic mesoderm are unusual, A
similar but probably not a homologous condition is found in the human
embryo of thirteen somites (Witschi 1948), Witschi found that the pri-
mordial germ oells of the human could first be identified in the entoderm
of the caudal allantoic extension of the yolksac. The similarity of this
extension with the caudal extension of the yolksac in the bass is worthy
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of note (see fig. 1, Witschi 1948), though it seems improbable that these
two yolksac extensions are homologues. If we consider, however, that in
the largemouth black bass the periblast has taken over the function of
the yolksac entoderm, the homology of these parts then is not impossible.
The primordial cells of both the bass and the human actively migrate
from the yolkseoc entoderm or the yolksao extension. Those of the human
pass into the splanchnopleure and gut entodern, and those of the bass
pass into and between the layers of coelomic mesoderm. If Witschi's
statement that "The gut endoderm 1s rather an obstacle than a center
toward whioh free germ cells might direct their movements” (p. 77) is
correct, then the condition found in the bass, wherein no germ cells be-
come located in the gut entoderm, would represent a more basic vertebrate
pattern than that found in the human and other higher foms. According
to Witschi those germ cells of the human, and possibly other higher vert-
ebrates, which occur in the gut epithelium get there quite accidentally,
and as & result their migration is either retarded or stopped.

Three major theories have been advanced to account for the migretion
of primordial germ cells. The first of these is that cells migrate
aotively by amoeboid movement; the second is that they are passively
oarried along by shifting tissue masses, and the third is that they are
carried by the blood stream.

According to those who uphold the first theory, the primordial cells
are capable of moving between other ocells and through membranes. Beard
(1900-1902), Allen (1911), Bachmann (1914), Reinhard (1924), Wolf (1931,
and Moore (1937), and others have described an active amoeboid migration
of g?rm cells in fishes. This type of migration has also been described

for other vertebrate forms by Allen (1906), Jordan (1917), Woodger (1925),
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pentschakoff (1931 a), Cheng (1932), Risley (1933), Elocker (1933),
Bverett (1943), Witschi (1948), and others.

Those who support the second type of migration discount the pos-
sibility of an amoeboid migration, oontending that it is improbable that
the germ cells possess the ability to migrate through tissue and to
traverse distances of several millimeters in order to reach the germ
gland primordia. Simkins (1923, p. 268), who supports the germinal epi-
thelium theory, does not believe that the germ cells can "set out on &
journey over several millimeters of intervening tissue, cross barriers
and penetrate membranes, became carried away in the blood stream, per-
ishing against obatacle;s th;y cannot surmount, until the survivors are
at last safe in the fundament of the genital gland.” With regard to the
di stance of migration, the only instance in which this might be even as
much es one millimeter is in birds. It should be noted that they have
a special type of migration. Even in the human embryo the total distance
traversed by the germ cells is not more than 0.5 of a millimeter (Witschi
1948). In mouse embryos, Everett (1943) found this distance to be not
one or several millimeters but only & small fraction of a millimeter.

Some investigators think of the migration as being partly active

and partly passive; or, as resulting from the normal processes of growth
Dodds (1910), Okkelberg (1921), Richards emd Thompson (1921), Hann (1927),
and others. Richards and Thompson (1921) believe that the term "migrat-
jon" is not appropriate and suggest the term "translocation™ as a sub-
stitute.

The third theory, or vascular migration, has been described only in
birds. Several investigators who have studied the problem of germ cell
migration in these forms have either observed morphologically or demon-

strated experimentally that the primordial cells actually enter or
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pecome entrapped in the vascular channels of the splanchnic mesoderm of
the area vasculosa and are passively carried to the germ gland region
(Sswift 1914, Reagan 1916, Richards, Hulpieu and Goldsmith 1926, Goldsmith
1928, Dantschakoff et al 1931, Blocker 1933, Dantschakoff 1935, and
others). All have observed that after circulating in the blood stream
for some time the germ cells become lodged in the capillaries near the
gonad primordia., Several theories have been advanced to account for this.
The oldest of these is the chemotatic theory. According to its propon-
ents (Swift 1914, Firket 1914, and Reagan 1916), a chemotatio substance
is elaborated by the gonadal primordia and attracts the germ cells.
More recent workers, however, believe that aggregation of the germ colls
is the result of mechanical blockagerof the small oapillaries by the
large turgid germ cells ( Dantschakoff 193la and b, 1935, and Blocker
1933). Although they differ on the cause, all of these investigators
agree thet after the germ cells become lodged in the capillaries of the
gonad region they assume active amoeboid movements, and by this means
leave the blood vessels and migraté through the mesentery and edjacent
areas to the gonad primordia. More recently Dantschakoff (1935) treat-
ed chick embryos with sublethal doses of X-ray and produced large phago-
cytic cells that were approximately the seme diameter as primordial germ

cells., She found that these cells acted in the same way as the primordi-

al germ cells and ultimately came to rest in the gonads. She is of the
opinion that the mechanical factors of size and consistency, together
with reduced blood pressure, are primarily responsible for the retention
of the germ cells in the capillaries of the gonad aresa.

As might be expected, mot all of the cells identified as primordial

germ colls reach the germ gland primordia. In some forms the germ cells
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have been observed to take rather aberrant courses in their migrations.
Some get "lost" in the mesenchyme of the dorsal mesentery and in the
splanchnopleure and undergo either somatic differentiation (Rabl 1896,
Von Beremberg-Gossler 1914) or degeneration (Beard 1902¢, Jordan 1917).
Others become cast off into the coelomic cavity (Beard 1902¢) or into
the lumen of the gut (Okkelberg 1921) and undergo degeneration. Still
others have been observed to form cysts in various parts of the body.
Some investigators believe that aberrant acoumulations of these cells
develop into dermoid cysts called embryomas. Beard (1902¢) seems to
believe that "an embryoma, et whatever periocd it eppear, is an instance
of the development of an additional primary germ cell, which in all its
hereditery character is the exact counterpart of that primary cell, by
whose unfolding the individual harbouring the ‘dermoid’ arose"” (p. 672).
Okkelberg (1921) also found aberrant cysts of primordial germ ocells in
the fat body of the brook lemprey. However, he does not sey what be-
comes of them, other than that they p:obably degenerate, Other invest-
igators have recorded the presence of aberrant germ cells but attash no
particuler importence to them.

My observations on the largemouth black bass support the theory of
amoebold migration of the primordial germ cells, Their movement is
characterized by the formation of pseudopodial extensions which are
usually blunt. This has also been demoﬁstrated‘by Woodger (1925), Dant-
schakoff (1931a), end moré r;oently by Witschi (1948). Situated as they
are in early stages of development, there is little chance for the pri-
mordial g;rm cells to bé shifted around by so called normal processes
of groﬁﬁh. Their easiest coursé 15 to migrate independently, and this I

believe they do. The likelihood of their being incorporated within any
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blood vessel during its formation seems very slight. The form of the
cells suggests that they are most sctive during the early phases of mi-
gration. After penetrating the splenchnic mesoderm their activity ap-
parently is reduced and they assume a more or less rounded shape. The
fact that the cells are able to assume a rounded form after en irregular
one points towards independent movement. Some investigators seem to
think that because the germ cells were seen by them as large rounded
cells in the splanchnopleure they were incapable of independent movement.
But as Allen (1906) has pointed out, the migration of the germ cells in
the splanchnopleure might be so slight that irregularities in their
shape would be imperceptable even to the most trained observer. It
seems inconceiveble that the germ cells in the bass should migrate in
any other fashion than by independent movement., There is undoubtedly
much wasted effort by these cells and Witschi (1948) probably is correct.
when he writes that "Much of their migration represents compensating
movements against the stream of growth that tends to carry them away
from their goal" (p. 77).

At no time during their history are the germ cells very far distant
from the germ gland primordia, and the distanoce they traverse in relation
to the amount of time they teke for it is very minute. No lost or wander-
ing germ cells were observed in the bass. The path of migration of the -
germ ce—113 apparently is determinate. From the very beginning of ‘their
migration they seem to be under the control of some direoting force. We
can only speculate as to whether this force is chemotropic or mechanical.
Thé supposition that 1t is mechanical is strengthened by the fact that
the primordiel cells make use of the potential coelomic space, and thus
would be guided dorsed. This still does not explain why the cells enter

the splanchnic mesoderm rather than the somatic mesoderm, If they
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entered the latter they would be retroperitoneal from the very beginning
and the total distance to be traversed would be considerably less.
Witschi (1948) favors the idea of a chemotropism as the difecting foroe
in the migration of the primordial germ cells in the human. This ocon~
ocept, as he pointed out, is strengthened by the fact that leucocytes
possess very definite chemotropic tendencies (Chambers and Grand 1936)
and their activities have been likened to those of primordial germ cells
(Dantschakoff 1935).

No attempt was made in this study to ascertain the number of pri-
mordiel germ cells reaching the gonad primordia. Allen (1911) reported

that only sbout half of the cells of Lepisosteus reach the gonads, where-

as for Amia he concluded almost all are sucocessful. He was unable to
sccount for the difference in the two forms., Others who have made sta-
tistical studies heve found that the number varies to such an extent that

no generalized statement can be made,

The Periblast and the Primordial Goerm Cells

During a short period of thelr history the primordial germ cells
may be found in the periblast of the ceaudal extenéion of the yolksac.
The periblast serves as a storage place for the cells from the time they
become lodged there, early in development, until they begin their migrat-_
ion. Because of the type of development which ocours in the bass and
certein other bony fishes, the periblast together with the yolk may be
considered as being extra-embryonic. It is extra-embryonio, not in the
sense that it lies outside of the embryo, but in th; sense that it tekes
no material part in the fomation of the embryo. Since this is the case,

the germ cells, situated as they are in the periblast, may be oonsidered




78
as being extra-embryonic also and are thus totally removed from any
early chance inoclusion in the sama.

Richerds and Thompson (1921) found a close assoclation between the
periblast and the primordial germ cells in Fundulus. They found numerous
instances where the germ cells "lay half-buried in the periblast." Hoﬁ-
ever, they were unable to attach eny significance to this relstionship.

On the other hand, Reinherd (1924) described the primordial cells of

Scerdinius as originating from gient cells found in the periblast. Al-
though there is reason to believe that he may have misinﬁerproted his
material, he mey have been more nearly correct than some believe. If in
error, his mistake probably was due to the fmot that he did not trace
the glent cells beck far enough and therefore made a naturel but not too
logicel assumption that they originated from periblast nuclei, Hann
(1927) observed these giant cells in Cottus and remarked that "Although
the periblast nuclei are in close proximity to the giant cells, there is
no evidence that the giant cells are derived from them" (p. 441). Hann
believ;d the giant cells to be of entodermal origin. Wwolf (1931) first

located the germ cells in Platypoecilus maculetus between the periblest

and the ectoderm but doubted whether they had come from the periblast,
Most invéstigators have Maged to avoid the issue and make no statement
re.garding this relationship.

In my opinion the relationship that éxists between the periblast

and the primordial germ cells in Micropterus salmoides salmoides is

oomparable to that which exists between the primordial cells and the
peripheral yolksac entoderm of other vertebrate forms. This concept has

as its basis the assumption that the periblest in Micropterus has re-

placed the yolksac entoderm of higher forms, in both structure and in

funetion.




Kultiplication of the Primordial Germ Cells

In this study the question arose as to whether the primordieal cells
divide prior to reaching the germ gland primordia. If they do not, how
does one account for their apparent inorease from one stage to the next?
Most investigators of germ cells in fishes find that they do not divide
during migration (Eigonpann 1891, Beard 1900-1902, Woods 1902, BOhi 1904,
Allen 1911, Dodds 1910, Okkelberg 1921, Richards and Thomﬁson 1921, Henn
1927, Dildine 1936, and Moore 1837). On the contrary, numerous workers
have reported that there 1s no apparent cessation of mitoses during the
migration period, and many have described primordial germ cells in mito-
sis. It is generally agreed that cells do enlarge prior to division and
that their cytoplesm has & tendency to teke a lighter stain. Sinoce both
of these characteristics, large size and light-staining cytoplasm, have
be;n us;d as criteria for the identification of primordial germ cells,
theré are some (Simkins 1923 and Hargitt 1925) who would have us believe
that the large rounded cells identified as primordial germ cells are |
nothing but somatic cells préparing to divide. With this thought in
mind, I examined my material very carefully. Certain large cells were
observed. When followed through a complete division, however, the re-
sulting célls were found to be somatic cells and not primordial germ
cells, Measurements were mad; of thésé large cells, and it was found
that ;ven when most enlarged, they did not compare in size with primordi-
al germ cells, Therefore, I believe that I am justified in concluding
that these enlarged cells war; not primordisl germ cells in mitosis,

Since the primordisl germ cells of the largemouth bleck bass do not
divide during their migration, the variation in their number is an in-
dividual characteristic. Tﬁe fect that apparently they do increase in
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number from one stage to the next, I believe, may be attributed to a
sequence of events such as Dodds (1910) observed in Lozhius wherein the
germ cells became more conspiocuous as differentiation of the some in-
creased. A similer condition was observed by Moore (1937) in the rainbow
trout. His own statement (p. 107) concerning it iss

"In the ll=day embryo there are many more germ cells than

in previous ages., Since no mitotic germ cells ooccur and

since there is no evidence of differentiation of germ cells

from somatic cells, it is possible that these cells are of

blastodermic origin just taking on the distinctive char-
acteristics of primordiel germ cells.”

Number, Size and Distribution of the

Primordial Germ Cells

According to Beard's (1902b) hypothesis, one would expect to find
a relstively constant number of primordial germ cells in any individuel
of a particular species., This number, according to him, could be ex-

pressed by the formula 2%.1. For Petromyzon, Beard (1902b) found the

number of primordial germ cells to be thirty-two minus one. Most in-
vestigators have found that their findings regarding the number of pri-
mordial germ cells could not be reconciled with Beard's formula. Eigen-
marm (1896), not yet aware of Beard's hypothesis, found that in Cymato-
gaster there was a striking variation in the number of primordial cells
jn different larvae and attributed these differences to individual
variation. Allen (1907), in his statistical study of the sex cells of

Chrysemys marginate, reached similar conclusions and says: "His Beard's

oconception of e specific number of sex cells expressed by the formula
2”1 during these early stages certainly is not borme out by the faocts

observed in Chrysemys, in which the number of sex cells ranges all the
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way from 302-1744" (p. 395). In a later paper Allen (1911) found that

the mumber of primordial germ cells of Amis sand Lepisosteus varied con-

siderably and followed no specific formula.

Dodds (1910) also found that in Lophius the nnﬁber of primordial
cells varied from one individuel to the next and definitely did not
follow Beard's "Numerical Law of Germ Cells." Bachmenn (1914) found

that in Ameiurus nebulosus the number of primordial cells ranged from

twelve to thirty-four, with an averege of about twenty-three, For

Fundulus heteroclitus Richards and Thompson (1921) found sixty-seven to

be the average number of primordial cells. In Cottus bairdii (Girard)

this variation was reported to range from one to eighty (Hann 1927). 1In

Platypoecilus maculatus an even more extreme varistion of from forty to

five hundred and forty-three was reported (Wolf 1931). Although Goodriech
et al (1934) found the number of primordial germ cells in Lebistes to
renge from thirty-seven to sixty-six, Dildine (1936) for the seme species
found the range to be from seventeen to thirty-five. For the rainbow

trout, Salmo irideus (Gibbons), Moore (1937) reported the number of pri-

mordial germ cells to be eighty-four.
As was stated in a preceeding section, the number of primordial cells

in Micropterus salmoldes salmoides varied from individuel to individual.

This variation (20 to 105) is so extreme that in my opinion there is
little chance that Beard's law would find any application here. I find
thet there is less variation among individuals of the same egg masses
than among those of different egg masses. Apparently this is a common
oocurrence and most likely is due to congenital factors (Hann 1927 and
others). No overall average number of primordial germ cells was deter-

mined for Micropterus; however, I belleve that if a careful statistical
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study were made, it would be about sixty.
Apparently the primordial germ coells of vertebrates veary less in
sige than they do in number. All those so far described would be clas~-
sified as large cells. For example, Eigemmann (1891) found that the

primordial cells of Micrometrus measured 13 to 18 microns in diameter.

The dimensions of those of Lepisosteus ranged from 10,27 to 14.95

miorons, and those of Amia ranged from 11.59 to 21.88 microns (Allen
1911). The dismeters of those in the chick range from 14 to 22 microns,
with an average of about 16 (Swift 1914). Bachmemnn (1914) reports that
in Ameiurus the primordial germ cells vary in diemeter from 14 to 18

microns. In the loggerhead turtle, Carettas caretta, their diameters

were found to range from 13 to 20 microns (Jordan 1917). For Xiphophorus

helleri their diemeter is given at 11.8 microns (Essenberg 1923), and for

Platypoecilus maculatus Wolf (1931) sets their dimemsions at 11l.5 by 8.5

microns. Two sets of measurements have been given for the primordial
germ cells of Lebistes. GCoodrich et al (1934) place their dimensions at
14 by 10 microns, and Dildine (1936) places them at 13 to 19 microns.

The primordiel germ cells of Rana cantabri;ensia Baird reange from 16 to

24 microns in diemeter (Cheng 1932) and those of Stermotherus odoratus

Lat. average 17 mierons in diameter (Risley 1933).

The size of the primordisl germ cells of Migropterus salmoides

salmoido; agrees quite well with those recorded for other vertebrates
(see table 2). The variations in their size could be accounted for by
change in shap; during migration. On; wonders why the primordial germ
cells are so large. Their size might be explained on the basis of the
need of reserve food material, yolk etc., &an explanation which might suf-

fice for lower animals and certain invertebrates. But in higher forms,
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especially those whose primordial cells contain very little or no yolk,
their magnitude may be attributed to a retention of the blastomerioc
qualitios they possessed when first segregated. Granting this, by com-
paring their size with that of early blastomeres one might be able to
determine the stage when they are first set aside in the blastodernm.
This, I believe, might possibly be done for the largemouth black bass,
The theory of such = procedure is based on the premise that the primordial
germ cells remain morphologically static for a cortain period after being
set aside. This theory is not without foundation, since size is one of
the least variable characteristios of any particular oell typs. Eigen-
mann (1891) elso expresses such a view in the following statements "On
comparing this size that of a primordial germ cell with segmenting
egzs it is found that it agrees in size with some of the cells of an egg
underzoing the ninth segmentation and in all probability it is a cell
remaining unchanged from that stage" (pp. 484-485) .

Maschkowziff (1934) finds that in both Salmo trutta and Acipemser

stellatus the primordial germ cells are dimorphic. This condition is,

acoordinz to him, brought about through differences in the amount of

yolk contained by them., He bglieves that this difference in yolk con=-
tent is indieative of the sex potentiality of the cells, the larger ones
being femele and the smaller being male, His views are unique in the
literature end cannot be reconciled with those of any other investigators
and this topic warrants further investigation.

Several investigators have found that the primordial germ cells are
distributed unequally to the gonad primordia. Others have found an al-
most equal distribution and still others have found no set pattern.

Eigenmann (1891) found that in Micrometrus no uniform distribution ooccurs.

In some individuals there were more on the right side and in others there
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were more on the left. In Lepisosteus there wers usually more germ cells

on the left side, whereas in Amia there were more on the right (Allen
1911)., In the chick the germ cells show a decided preference for the
left side (Swift 1915). Jordan (1917) found that in the loggerhead
turtle the primordial germ cells were about equally distributed between

the two sides. In Cottus bairdii G., Henn (1927) found an unequal dis-

tribution of the primordial cells, usually favoring the left. Cheng

(1932) found that in Rana ceantabrigensis there is no marked variation in

the distribution of the cells, The left side is also favored by the pri-
mordial germ cells in Stermotherus odoratus (Lat.) (Risley 1933).
Bloocker (1933) found that the left side is favored by the germ cells in

Passer domesticus L., as evidenced by gonad formation. Witschi (1935),

for the same form, found 3 to 10 times as many germ cells migrating to
the left primordium as to the right. An unequal distribution is reported
to ocour in Lebistes, as evidenced by primary gonia formetion (Dildine
1936)., Stanley and Witschi (1940) also found an asymmstrical distribut-

ion of the primordial germ cells in the sex gland primordia of the hawk.

The gorm cells of Micropterus salmoides salmoides are distributed
asymmetrically to the gonad primordia with the greatest number géing to
the right. In some 6.5~ to 7.5-millimeter larvae, twice to three times
as many germ cells are found in the right primordium as in the left.
This asymmetrical distribution I believe may be attributed to a reduc-
tion in the potential migration area. Late in embryonic development in
the region of the hindgut the caudal vein courses sinistroventrad around
the gut in the splanchnic mesoderm and continues as the subintestinal
vein, reducing the potential if mnot the actual mizration area, The
probability that this affects the migration of the primordial germ cells

is revealed in their asymmetrical distribution.




Sex Differentiation

Numerous works dealing with sex determination and differentiation
have appeared in literature. While a majority have supported the sex
chromosome theory, they have reported in spite of this a condition of
juvenile hermaphroditism. Such a condition seems to be the normal oc-
currence in certain cyclostomes, elasmobranchs and higher bony fishe#.
Since the literature on the subject is voluminous, only that dealing
with eyclostomes and fishes will be considersd, and that briefly.

One of the first works was that of Muller in 1875 on Petromyzon

planeri. Some years later Cunningham (1887) found a condition of an

ovotestis in Myxine glutinosa. He believed that the females were her-

maphroditic, since he found very few males. Later investigators working
on this and other related species found that the ovotestis was merely a
oondition of juvenile rather than funotional hermaphroditism (Beard 1893,
Price 1896,.Dean 1897, and others). Juvenile hermaphroditism was first

described in lemprey larvae (Petromyzon planeri) by Lubosch in 1903.

Okkelberg (1921) found a similar situation in Entosphenus wilderi (Gage).

Some recent studies dealing with sex differentiation and juvenile her-

maphroditism in higher fishes are those of Essenberg (1923), Mrsic (1930),

Goodrich et al (1934), Dildine (1936), and others. Essenberg (1923) has
found whet amounts to sex inversion along with juvenile hermaphroditism.
The mechanism of sex determination undoubtedly affects the time of
sex differentiation. One would assume that if this mechanism were
ochromosomal, differences in the zygote would be established at fertili-
gation. Apparently this is not the case. Sex differences do not always
appear early even in those fishes wherein sex is kmown to be controlled

by sex chromosomes, For example, in Lebistes reticulatus definitive
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sex is controlled by an XX-XY mechanism (Winge 1922). Yet embryologiocal-
ly gonadal development is ovarian in all embryos (Dildine 1936). In the
swordtail twice as many embryos show a tendency toward ovarian as toward
testicular development, but about half of those with ovarian development
later undergo gonadal regression and ultimately produce testes (Essenberg
1923). In certain other fishes sex seeningly is determined through the
numerical superiority of one type of gonium, spermatogonium or oogonium
over the other, with’ the result that the individual develops either ova-
ries or testes. In one instance sex apparently is determined by the
action taken by the germ gland itself. If the anterior portion develops,
a female results; if the posterior portion develops, a male results (Odum

1936, Opsanus tau).

Although in Mioropterus salmoides salmoides there is a long period

of gonadal development prior to sex differentiation, it is a period of
indifference and not of juvenile hermaphroditism. The gonads never ex-
hibit bisexual tendencies, and they never start development toward one
sex, only to regress and develop toward the other. The gonads, I believe,
are different from their formation and most likely this difference is due
to a difference in the chromosomal constituency of the germ cells and
even of the somatic cells comprising them.

Preliminary studies on sex ratios for this form support the theory
of a chromosomal type of sex determination. However, this is not sub-
stantiated by either experimental or detailed observations of the germ
cells during division. Nevertheless, a random sample of 150 individuals
from my total collection shows a sex ratio of almost 1l3l. The probabil-
ity, with a 99.75 percent degree of assurance, that the ratio I have

determined does not occur in nature is 0.05521.




SUMMARY
Part I

1. Cleavage in Micropterus salmoides salmoides Lac. is meroblastio

discoidal. The blastodisc alone cleaves; the yolk remains unsegmented
and is extra-smbryonic.

2, A true discogastrula is formed; neither a segmentation cavity
nor an archenteron‘devolops. The cavities usually associated with them
are replaced by the yolk. The yolk sphere is incorporated within the
body of the embryo through epiboly of the germ ring, which corresponds to
the definitive dorsal, ventral, and lateral lips of the primitive type of
blastopore. Gastrulation is effected by cellular movement rather than by
either delamination of the blastoderm or differential mitoses in the embry-
onic area of the germ ring. The dorsal 1lip remains in a fixed position
relative to the oil globule.

3. The periblast nuclei are derived from the marginal cells of the
blastoderm. Theyincrease in number by mitotic division and migrate be~-
neath the blastoderm to form the central periblast.

4, The blastoderm is the first tissue to be formed and the mesen-
toderm is the second tissue. The mesentoderm delaminates and produces
mésoderm and entoderm. All of the entoderm is used in the formation of
the alimentary tract. The major part of the mesoderm forms the muscle
segments, and the remainder forms those structures usually olassified as
mesodermal in origin. The ectoderm grises directly from the blastoderm
and consists of two portions; the epidermal stratum and the nervous
stratum,

5. The gut and the kidney duots are formed by a folding along the
midline end by constriotion of the somatic layer of the coelom,
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respectively, as is typical in teleosts. The primary kidney ducts per-
sist as the function exoretory ducts, there being no secondary duct
formation. No postanal gut is formed.

6. Kupffer's vesicle is homologous with the early lumen of the gut.
1t forms without a cellular floor, is converted into a tube in the same
manner as the gut,'and becomes the eloacel region of the alimentary tract.

7. The yolksac possesses a caudal subintestinal extension whioch is
situated in the ventral mesentery between the gut and the subintestinal

vein. This extension is produced by the backward growth of the tail.

Part 11

1. Observetions support an early sezregation of the germ cells.
The appearance of an excresence at the dorsal lip of the blastopore
marks the time that they first can be recognized.

2. The potential primordial germ cells get into the periblast
ventrel to the dorsal lip and are shifted caudad in the caudal extension
of the yolksac.

3. The primordial germ cells migrate by amoeboid movement. The

path of migration is from the yolksac extension through the splanchnio

mesoderm into the potential coelom, thence dorsad to the crest of the
gut and through the mesentery and laterally adjacent mesoderm to the
germ gland primordia.

4. The germ cells do not divide prior to reaching the region of
the germ gland., Their apparent increasé in number from one stage to the
next is most likely due to their becoming more conspicuous as somatioc
differentiation progresses. The number of gorm cells is more constant

smong individuals from the same egz mass then asmong those from different
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egZ Mass8e8.

5., The primordial germ cells possess no one special feature by
which they can be identified. They are large cells with the general
features which usually characterize primordial germ cells. Their magni-
tude is due to & retention of their original size as early blastomeres.

6. The germ cells are asymmetriocally distributed to the gonad pri-
mordia, the right recelving the larger number. This is the result of a
reduction in the potential migration area on the left side assoclated
with the formation of the subintestinal vein.

7. Ko germ cells become located in the gonadal epithelium in the
bass. They lie against but not in the epithelium, hence it is not germ=-
inal in nature. There is no transformation of stromal or epithelial
cells into germ cells. The definitive sex cells are derived from the
primordiel germ cells only.

8. The presence of germ cells is epparently necessary for the form-
ation of the germ gland. After its formation and prior to sex different-
jation the germ gland passes through a long period of sexual indifference.
During this time it increases in size through an increase in the amount
of both germinal and stromal elements.

9. The indifferent goned shows an anterioposterior gradation of
development, the posterior portion developing earlier.

10. The gonads remain paired anteriorly but they fuse posteriorly.
Each contains a gonocoel made patent by a separation of two layers of
epithelium delaminated early in development. The gonocoels unite into a
common oavity in the fused portions of the gonads and continue as a med-
ian oviduct or vas deferens.

11. Sex may be recognized at the 3.,0-centimeter stage through the

growth of the gonia in females,
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12. The early ovary and testis differ from each other not only in
structure but also in the number of germinal cells. The early ovary pos-
gsesses a thick connective tissue tunic, which the testis lacks; the ovo-
coel is lined with flattened epithelial cells, whereas the testocoel is
1ined with low, irregular cuboidal cells; and the mesovarium is broad
while the mesorchium is thih and delicate.

13. Sex may be recognized in gross dissection in the 4.,0-centimeter
stage. The ovaries are distended while the testes are thin strands.
Both the ovaries and the testes are suspended along the ventral surface
of the swimbladder.

14. The later ovary possesses lamellas which projeoct into the ovo-
coel. Both the ogcytes and ova are in various stages of growth and yolk
formation. The nucleus of the growing ogcyte loses its retiocular struc-
ture and its chromatin collects into numerous rounded bodies peripherally
arranged elong the nuclear membrane.

15. The later testis is tubular. The spermatogonia lie in the walls
of the tubules but do not form a part of their epithelium. Tubules are
formed through outgrowths of the testocoel which penetrate the stroma
between the spermatogonia so that the germ cells are left to lie around
them. The testocoel corresponds to a primary collecting duct and its
branches to secondery and tertiary duots.

16. The sex ratio obtained indicates the presence of some sex de-

termining factor, probably chromosomale.
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EXPLANATION OF PLATES

Abbreviations

anterior pole

blastoderm

chorion

coelom and coelomic mesoderm
dorsel saorta

dorsal 1lip of the blastopore
dorsel mesentery
extra-embryonic ectoderm (area)
epidermal stratum

embryonic shield

gut

germ cell

germ ring

genital sinus

head end

Kupffer's vesicle

lateral lip of the blastopore
mesentoderm

neural tube

notochord

nephridiocoelomic mesoderm
oviduct

oilglobule

ovocoel

pronephric duots

posterior pole
pre-periblestic ridge

swim bladder

subintestinal vein

somite

testocoel

testicular duct

urinary bladder

ventral lip

yolk

yolk plug

yolksac extension
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Plate 1
Explanation of Figures
Figures 1l-4 not drawn to scale
1 Outline drawing of the blastodisc (bd) showing the relation-
ship with the o0il globule (og).

2 Outline drawing of the two-cell stage. Note that the
cleavage furrow does not extend into the yolk.

3 Drawing of the ten- to eleven-hour stage, viewed from the side
as an opaque sphere. Blastoderm has spread down over the yolk
sphere as far as the equator. Dotted line represents the
advance of the periblast before the spreading blastoderm.

4 Drawing of the ten to eleven-hour stage, viewed posteriorly.
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Plate 2

Explanation of Figures
Figures 5-9 not drawn to scale

S5 Diagram of the early germ ring (6-8 hours of development),
formed as a result of the eccentric thinning and flattening of
the blastoderu. )

6 Diagram of the late germ ring (about 12 hours of development),
showing the anterior growth of the embryonic shield (es) across
the extra-embryonic region (eee).

7 Outline drawing of the four-hour blastoderm and the pre-
periblastic ridge (ppr).

8 Diagrammatic representation of gut formation. See text for
explanation.

9 Diagrammatic representation of a c¢ross section of a forty-four
hour embryo. Note that the coelomic mesoderm (coe) does not
extend down and around the yolk (y). The dotted lines represent
subsequent extensions of the coelomic layers.
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Plate 3

Explanation of Figures
Figures are unretouched photomicrographs

10 Section of the early gastrula with the chorion (ch).
Approximately 160 X.

11 Detail of several cells of the four-~hour blastoderm.
Observe that every cell shown is prepering to divide. Note also
the granuler oytoplasm. Approximately 920 X.

12 Detail of several newly-formed periblastic nuclei in peril-
blastic ridge of a four-hour blastoderm. These nuclei are in the
process of spindle formation. Approximately 920 X.

13 Section through the dorsel lip of an early gastrule (8-9

hours of development) showing the formetion of the mesentoderm.
Note the absence of mitotic figures. Approximetely 160 X.
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Plate 4

Explanation of Figures
Figures are unretomched photomicrographs

14 Sagittal section of a fourteen-hour gastrula. The ventral
1ip has grown epibolically around the yolk from about point (x)
to point (y) to form the yolk plug (yp) consisting of yolk and
the o0il globule. The oil globule is represented by the somewhat
circular space ventral to the dorsal lip. Approximately 40 X.

15 Sagitthl section of the embryonic shield of a fourteen-hour
embryo showing the extent of the mesentoderm. Approximately 80 X,
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Plate 5

Explanation of Figures
Figures are. unretouched photomicrographs

16 An almost midsagittal section of the excresence of potential
germ cells at the dorsal 1lip. The cells of the excresence give
the appearance of being rolled up. Observe the presence of two
and possibly three germ cells between the dorsal lip end the
periblast. Approximately 540 X.

17 A parasagittal section of the late gastrula showing the
formation of the excresence of potential germ cells at the dorsal
lip. Note the germ cell (gc) just within the dorsal lip. Also
note the striking similarity between the nucleus of the germ cell
and that of cell "a" of the excresence. Approximately 540 X.

18 An enlargement of the dorsal 1lip region of the gastrula

showing the area of invagination. Observe that the epidermal
stratum does not invaginate. Approximately 600 X.
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Plate 6

Explenation of Figures
Figures are unretouched photomicrographs

19 Cross section through a twelve- to fourteen-hour embryo show-
ing the first organization of the mesentoderm into the somites
and the notochordal anlage. At this stage the nervous ectoderm
ig thicker leterally than mesially. Approximately 150 X.

20 Cross section of a sixteen- to eighteen-hour embryo. The
notochord is beginning to round up, the somites are thicker mesi-
ally, and the nervous ectoderm is beginning to shift mesiad,

The entoderm is just visible as e unicellular lemelle lying
ventral to the somites (see also fig. 24). Approximately 150 X.

21 Cross section of a twenty- to twenty-two-hour embryo. The
nerve wedge rests on the rounded notochord and is bordered
leterally by the dorsally arching somites. The entoderm, al-
though indistinct in this figure, extends from about point (x)
to point (y). Approximately 200 X.

22 Cross section through the midtrunk region of a thirty-two-

hour embryo showing a further differentiation of the somites,
notochord, gut, and nerve wedge. Approximately 250 X.
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Plate 7

Explenation of Figures
Figures are unretouched photomicrographs

23 A section through the laterel limits of the embryonic shield,
The ectoderm continues over the yolk while the mesentoderm does
not extend beyond the lateral limits of the shield (x). The
entoderm extends to point (y). Approximetely 300 X,

24 A section through the midtrunk region of a sixteen- to
eighteen~hour embryo. The characteristic flattened condition of
the epidermel stratum is very well demonstrated. The entoderm
appears as a thin lemella ventral to the notochord and the
somites, Several periblastic nuclei may be seen in the periblast
immediately below the notochord. Approximately 800 X,
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Plate 8

Explanation of Figures
Figures are unretouched photomicrographs

256 A section through the hindgut region of a thirty-two-hour
embryo. Three germ cells (1, 2 and 3) are lying in the periblast.
Approximately 250 X.

26 Section through a forty-one-hour embryo at the level of junc-
tion of the yolksac extension. A germ cell is in the mesoderm
just to the left of the gut. Approximately 250 X.

27 A portion of the periblast ventral to Kupffer's vesicle in
a twenty-two-hour embryo. A germ cell (gc) may be seen lying in
the periblast ventral to the cells of the vesicle (KVC). Note
that the outline of the germ cell is very distinot. Approximate~

28 An enlargement of the germ cells shown in figure 25 showing
their definite cellular outline. Approximately 1500 X.
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Plate 9

Explanation of Figures
Figures are unretouched photomicrographs

29 A transvérse section through a thirty-seven-hour embryo at
the level of junction of the yolksac extension. Two germ cells
(gc) are seen in the process of migration. Approximately 720 X.

30 A section through the posterior trunk region and the yolksac
extension of a forty-four-hour embryo. A primordial germ cell
is seen ventral to the left promephric duct. The large space
within the ventral mesentery was once filled with periblastiec
yolk, which was withdrawn prior to fixation. Observe the form-
ation of the subintestinal vein ventrally where the two mesen-
teric limbs meet along the midline. Approximately 600 X.
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Plate 10

Explanation of Figures
Figures are unretouched photaomicrographs

31 A higher magnifiocation of the promnephric duct region of
figure 30, Observe the granular cytoplasm and diffuse arrange-
ment of the chromatin in the nucleus in the primordial germ ocell
(ge). Close observation will disclose thet the germ cell pos-
sesses a blunt pseudopodial extension which is directed dorsally
toward a somatic cell nucleus (a). Approximately 1760 X.

32 A higher magnification of the primordial germ cell of figure
3l. The pseudopodium of the germ cell extends almost to the
nucleus above. Its right-hand margin passes over the dark mass
to the left; and its left-hand margin passes Just to the right
of the somatic nuoleus on the left (a)., Observe the difference
in chromatin arrangement in the nucleus of the primordial cell
as compared with that of the nuclei of the somatic cells.
Approximately 8000 X.
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Plete 11

Explanation of Figures
Figures are unretouched photomlcrographs
Figures 33=-35 are from the same embryo

33 A transverse section through the posterior trunk region of a
forty-four-hour embryo. Two germ cells (gc 1 and gc 2) may be
seen lying in the mesoderm to the right and left of the gut.
Approximately €600 X.

34 A section taken posterior to that shown in figure 33. A
germ cell is seen lying in the yolksac extension space ventral

to the right pronephric duct. This cell possesses an attraction
sphere. Observe the formation of the subintestinal vein ventral-
ly. Approximately 600 X.

35 A section taken posterior to that shown in figure 34 and
almost to the posterior limit of the yolksac extension shows a
germ cell lying in the ventral mesentery. Note the similarity of
its nucleus with that of previously demonstreted germ cells. Ob-
serve how definite its outline is as contrasted with those of
somatic cells., Approximately 600 X,

36 A transverse section through the posterior trunk region of a

3.5-millimeter larva. Note the relative size of the yolksac
extension (yse) and compare with figure 30. Approximetely 340 X.
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Plate 12

Explenation of Figures
Figures are unretocuched photomicrographs

37 A cross section through the yolksac extension of a forty-
five-=hour embryo. During preparation the mesentery was slightly
torn. A primordial germ cell (gec) may be seen lying next to a
hemocytoblast. Approximately 480 X.

38 1Is an enlargement of the region adjacent to the germ cell.
Observe that the cytoplesm of the germ cell is arranged into a
"cap” around the nucleus. The germ cell also possesses an
attraction sphere. Approximately 1300 X.

39 A cross section through the yolksac extension of a forty-
five-hour embryo. Two germ cells (1 and 2) may be seen lying
in the space ventral to the gut. Germ cell 1 possesses an
attraction sphere. Approximately 960 X.
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Plate 13

Explanation of Figures
Figures are unretouched photomicrographs

40 A transverse section through the posterior trunk region of a
forty-seven-hour embryo. Two germ cells are seen lying in the
potential coelomic space to the left of the gut. Approximately
360 X.

41 A transverse section through the posterior trunk region of e
forty-seven-hour embryo, apparently less developed than that
shown in figure 40. Two germ cells are present in the mesoderm
to the right end left of the gut. Approximately 250 X.

42 A cross section through the hindgut region of a 3.5-millimeter
larva O-1 days post hatching. Four germ cells may be seen, ep-
parently lying, in the potential coelomic oavity. Careful observ=-
ation will disclose that the two germ cells on the right are

bordered both medially and laterally by flattened mesodermal ocells.
Approximately 500 X.

43 A cross section of the hindgut regionm of a 3.5-millimeter
larva. A germ cell may be seon at the crest of the mesentery
dorsal to the gut. This cell appears to be passing through the
splanchnic layer of the mesentery. The space (coe) to the left
of this cell marks the beginning of the coelom, posteriorly.
Approximately 500 X.
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Plate 14

Explanation of Figures
Figures are unretouched photomicrographs

44 A transverse section through the hindgut region of a 4.,0-
millimeter larva. Five germ cells (1-5) lie in the dorsal
mesentery dorsal to the gut. Approximately 880 X,

45 A longitudinal section of the hindgut region of a 4.5-
millimeter larva. Four germ cells (1-4) may be seen lying
dorsal to the gut (g) and ventral to the pronephric duct (pnd).
These oells are now retroperitoneal. Approximetely 500 X.
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Plate 15

Explanation of Figures
Figures are unretouched photomicrographs

46 A transverse section through the hindgut region of a 5,0=-
millimeter larva two days post hatching. Three germ cells may
be seen lying dorsal to the mesentery. The coelomic spaces are
very well defined and are lined with a delicate mesothelium.
Approximately 800 X.

47 A treansverse section through the hindgut region of a 6.5-
millimeter larva. Four germ cells (1-4) lie retroperitoneeslly;
two ventral to the right and two ventral to the left pronephric
ducts. The beginning of the lateral shifting of the germ cells
may be observed in this section. Approximetely 800 X.
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Plate 16

Explanation of Flgures
Figures are unretouched photomierographs

48 A oross saction through the hindgut region of a 6.5-millimeter
fry. A germ cell (gc) mey be seen lying ventral to the right
pronephric duct. The germ gland later forms in this immediate
region. Approximately 680 X,

49 A transverse section through the hindgut region of an 8,0~
millimeter fry. Two germ cells are lying in the germ gland
primordia. Note how thin and delicate the dorsal mesentery (dm)
is and compare with earlier stages. Approximately 480 X.

S0 A transverse section through the hindgut region of an 8.0~
millimeter fry. Two germ cells lie in the left germ gland
primordium. Approximately 480 X,

51 A section of the germ gland of en 8.0-millimeter fry. The

gonium is surrounded by a single layer of epithelial cells.
Approximetely 500 X,
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Plate 17

Explanation of Figures
Figures are unretouched photomicrographs

52 A section of the germ glend region of & 10.0-millimeter fry
showing a germ cell (gonium) being invested by a second layer of
epitheliasl cells. It appears that these cells are migrating
down and around the gonium. Approximately 1000 X.

53 A transverse section of the germ gland of an 11.0-millimeter
fry. Two layers of epithelial cells overlie the gonium. The
inner layer may be likened to a follicular layer and the outer to
a true epithelial layer. Approximetely 1000 X,

54 A section through the germ gland of am 11.0-millimeter fry,

The gland hangs suspended in the coelom by a delicate mesentery.
Approximetely 320 X,

55 A cross section through the germ glend of an 18.0- to 20,0-
millimeter fry-fingerling. A separation of the epithelial layers
has occurred forming a space betwsen them. The gonium is con-
tained within the inner layer. The definitive adult relationship
between the gonad and the swimbladder (s) is established by this
stage. Approximately 400 X.
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Plate 18

Explanation of Figures
Figures are unretouched photomicrogreaphs

56 A transverse section of the late indifferent gonad. Note
the predominance of stroma. Approximately 400 X.

57 A cross section of the right and left ovaries of a sexually
differentiated femele 3.0 centimeters in length. Note the thick-
ness of the connective tissue tunic and the broadness of the
mesentery. Approximately 250 X.

58 A oross section of the fused ovaries of a 3,0-centimeter
female. Approximately 250 X.
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Plate 19

Explenation of Figures
Figures are unretouched photomierographs
Figures 59-60 are from same embryo

59 A section through the sinus formed by the fused ovocoels of
the ovaries, Note that it lies in the mesentery dorsal to the
gut. Both a dorsal and ventral portion of the dorsal mesentery
may be seen (a and b). Approximately 250 X,

60 A seotion taken posterior to that shown in figure 59 shows
the relationship of the oviduct with the urinary bladder above
(ub) and the gut below. Approximately 250 X.

61 A transverse section through the ovary of a 3.0~centimeter

fingerling. Observe that the odcytes are contained within
lamellae which project into the ovocoel. Approximately 120 X.
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Plate 20

Explanation of Figures
Figures are unretouched photomicrographs

62 a section through the ovary of a 4.5-centimeter fingerling.
Note the arrangement of the chromatin along the nuclear membrane
in the larger obcytes. Note also the two regions, light and dark,
of the cytoplasm in ogcyte (a). Approximately 250 X.

63 A section through the ovary of a 3.5-centimeter fingerling,
Note the obcytes in various stages of growth, ranging all the way
from odgonia to advanced stages, Approximately 680 X.

64 A section through the ovary of a 3.5-centimeter fingerling
showing the cytoplesmic differentiation in the rapidly growing

odcytes. This is particularly good in oBeyte (a). Approximately
340 X.
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Plate 21

Explanation of Figures
Figures are unretouched photomicrographs

65 A section through the anterior portion of the testis of e 4.0-
centimeter fingerling. Note the delicate mesentery and the thin
epithelial covering of the testis. Approximetely 350 X.

66 A transverse section of the posterior portion of the testis
of a 4,0-centimeter fingerling., Note the higher degree of organ-
ization posteriorly than anteriorly. Note that the testocoel
(tec) sends branches (1 and 2) into the stroma between the germ
cells., Note also the tendency of the germ cells to arrenge them-
selves around a potential lumen.

67 A transversse section of the testis of an 6.0-centimeter
fingerling. Note the definite tubular condition of the testis.
Observe that the germ cells are located in the walls of the
tubules. Approximately 350 X,

125



67




Plate 22

Explanation of Figures
Figures are unretouched photomicrographs

68 A transverse seotion of the testis of a 6.0-centimeter
fingerling. This section is posterior to that shown in figure
67. The testicular duct (td) lies dorsomedially in the testis
and in this section a branch is seen joining it. Approximately
350 X.

69 An enlargement of a portion of figure 67 to show that the
tubules are lined with epithelial cells and that the germ cells
lie behind them. This is particularly well demonstrated in
tubule (a). Approximately 1050 X.

70 An enlargement of a portion of figure 67 to show how the
germ cells can lie in the walls of the tubules but still not
participate in the formation of its lining membrane. This is
shown very clearly in the lower tubule (a) by germ cells (x) and
(y). Cereful observation will disclose that although germ cell
(x) appears to be a part of the surface membrene of the tubule,

it is actually underlaid by epithelial cells. Approximately
1050 X.
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Plate 23

Explanation of Figures
Figures are unretouched photographs

71 Ventral view of the ovaries and testes of 4.5-centimeter
fingerlings. Observe that the ovaries appear as distended
elongate bodies while the testes appear as thin elongate
strands. Approximately 2.5 X.

72 Ventral view of the ovaries of an 8.0-centimeter bass in
situ. Approximately 3 X.
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Plate 24

Explanation of Figures
Figures are unretouched photographs

73 Side view of the testes, in situ, in a 7.0-centimeter bass,
The anterioposterior gradation in development is now discern-
able, grossly. The urinary bladder may be seen near the left
hend margin of the figurse. Approximately 4 X.
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