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Salmo ischchan (Kessler)

Oogenesis and a maturity scale for the ovaries of the

a maturity scale for the ovaries is the first

in the study of the sexual cycles of fishes.

Sevan trout, Salmo ischchan (Kessler)

I. T. Negonovskaya

The investigation of oogenesis and the compilation of

necessary stage

FOor some renrasen-

tatives of the families Cyprinidae, Percidae, Salmonidas and

Acivenseridae fairly detailed information is avallatle on thess

ouestions, though with respect to many svecies of fishes this

information is still very scanty.

svecies of the genus Salmo.

In particular this concerns

Here one may sneak only of some in-

dividual data belonging to various (mainly the last) stages of

oogenesis of some of the representatives of this genvs - the

Atlantic salmon, Salmo salar (8, 16), and the Sevan trout, Salmo

*# The numbers in the right-hand margin indicate the corres-
nonding pages in the original text. (Tr.).
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ischechan (13, 14). A maturity scale for the ovaries of the
Atlantic salmon is present in the study of L. S. Berg (2), though
this was not compiled on the basis of a study of'§he oogenesis

of the subject under consideration, but was taken only as an
examvle from the study of K. A. Kiselevich (7), who provosed a
five-step scale for determining the degree of maturity of the
gonads of the Caspian shad.

On the basis of the literature data concerning oogenesis
in salmonids (1, 5, €6, 9, 10, 15, 24, 29) some idea may be ob-
tained about some of the features of this process, that aré cha-
racteristic of this family as a whole. Thus, in the egg cells
of the studied species of fishes (whitefish, Casvian inconnu,
Atlantic salmon, some Far-Eastern salmons) there is noted the
formation of similar inclusions: vacuoles appearing in the ve-
rivheral layers of the cytovlasm in the early stages of oogenesis,
fatty inclusions and yolk., However the sequence of the anvear-
ance of these is different in different species of fishes. 1In

the egg cells of the Ludoga whitefish, Coregonus lavaretus ludcea,

there initially avpear the first droplets of o0il and then the
vacuolization of the cytoplasm commences (10). In the chum,

Oncorhvnchus keta, and the sockeys, Oncorhynchus nerka, in con-

trast, initially there occurs a vartial vacuolization of the cvto-
vlasm and then the 0il and yolk become formed (24). As to the
vacuolar inclusions in the oocytesAof salmonids, thzes are av-
parently identical to those vacuoles, containing a mucowrolvsac-
charide substance, which are characteristic in general of the

ege cells of bony fishes and which are in essence cortical al-
veoli (18, 27, 28). A phenomenon that is inherent to the oogene-

sis of salmonids, vossessing large eggs, may be considersd to be



the disvlacement of the nucleus towards the animal pole, which
occurs during the process of trophoplasmatic growth of the egg
cells long before they complete their growth (19,#2N, 29). Fri-
nally, a characteristic feature of all of the salmonids is the
process of the coalescence of the lump-like yolk into a compact
homogenequs mass during the veriod of the prevaration of the
oocytes prior to ovulation.

Possessing several features that are common to all, the
process of oogenesis in each of the above-mentioned species un-
doubtedly has its own characteristic features both with resvect
to the morvhology as well as in the duration of the individual
stages. This, in particular, gives rise to the necessity for
carrying out special studies of the develovment of the egg cells
in each new svecies.

Serving as material for the present study were the ova-
ries of various races of the Sevan trout. It should be noted,
however, that from the morphological aspect no fundamental dif-
ferences were found in the oogenesis of the different races,
and therefore below a single description will be given of this
process for the Sevan trout in general.

The material, collected over a four-year period (10&5fF-
1961), embraces almost all of the seasons of the year and various
stages of the life cycle of the trout: <the growth veriod, the
period when the trout vrepare for spawning and acguire the bree-
ding coloration, and the spawning period. In total, about 1300
ovaries of the Sevan trout were examined in histological vreoa-
rations. The material was fixed with Bouin’s fixative and was
embedded in varaffin in the usual way. 5 4o 7 p thick sections
were stained with Heidenhain’s haematoxylin, and alsc with Heiden-

hain’s Azan stain.
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The data obtained showed that the egg cells of the trout
pass through several developmental phases, each of which is cha-
racterized by a particular, qualitatively distinc& process.

The study was commenced from the moment when the egg
cells enter into the period of protoplasmic growth. The pre-~
ceding veriod of oogonial division, and also of the nuclear
transformations of the oocytes, was not considered by us. Within
the veriod of the protopvlasmic growth many authors (11, 12) dis-
tinguish two phases of development of the oocytes: +the vhase
of the juvenile oocyte and the phase of the oocyte with a one-
layered follicle. The differences in the structure of the egg
cells at these two stages of development, in so far as may be
judged by the available data, mainly concern their volumes and
the structure of their envelope: the younger oocytes possess
only an ectovlasmic membrane, while subsequently around them
there is formed an envelope of follicular evithelium. In the
Sevan trout, as shown by the data obtained, it was not vossible
to draw a distinect boundary between these two phases. Neverthe-
less, during the process of protovlasmic growth its ege cells
not only increase in volume but also change their structure in
a particular fashion, which is manifested even in one and the
same vrevaration of an ovary, since the trout is characterized
by having a marked asynchrony in the develovment of the oocytes
(especially in the early stages of maturity of the ovaries).
Refraining from distinguishing any varticular phases, we will
only describe those forms of egg cells of the period of vroto-

plasmic growth, which we were able to observe.



A most striking feature is that in the comparatively
smallest oocytes (diameter 50- 100 p) the plasma is most inten-
sively stained and most frequently appears homogege ous (Figure
la). The nucleus in such darkly stained egg cells is displaced
right up against the boundary of the cell, and the cells them-
selves may take on various irregular forms under the pressure
of the surrounding oocytes. In larger oocytes,which, as vrevious-
ly, still have an excentrically situated nucleus, within the
plasma two sections with a differing density of coloration become
more and more differentiated (Figure 1 b, v): against the over-
all more lightly coloured background of the cytovlasm there be-
comes differentiated a darkly coloured section, adjacent to the
nucleus and having a very variable form. As the egg cell grows
one may see how the nucleus gradually moves into the center,
while the darkly coloured portion of plasma, earlier represented
by ‘a comvact area, stretches out, breaks up into sevarate frag-
ments and becomes arranged around the nucleus in the form of a
ring (Figure 1 g, d, e, zh). During the process of the subse-
quent growth of the oocyte the fragments of this ring become
smaller and smaller and more and more lightly coloured, they
move away towards the ?eriphery, take on the form of weakly co-
loured flocculi and, finally, disappear completely (rfigure 1 z,
i, k, 1). The oocyte of the Sevan trout, having attained the
completion of protoplasmic growth (diameter 40C - 500 p), has a
centrally situated nucleus and a homogeneous lightly coloured
plasma (Figures 11, 2).

The trophoplasmatic growth of the oocytes of the Sevan
trout, as in other salmonids, is accomplished by means of three

kinds of inclusions: cortical vacuoles, o0il droplets and yolk.
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The accumulation of these by the oocytes occurs in a definite
sequence, in accordance with which during the period of the
trophoplasmatic growth we may differentiate sever&} phases.

These may be arbitrarily designated as the phase of vacuolization,
the phase of oil formation and the phase of yolk formation.

The phase of vacuolization commences with the avpearance
of small droplets of a substance which is stained a light-bluish
colour with aniline blue, in the perivheral layers of the plasma
of the oocyte (Figure 3). As they grow they are transformed
into round vacuoles, the number and dimensions of which gradually
increase. On account of the accumulation of only this type of
inclusions the oocyte of the Sevan trout increases in size, on
average, to 900 p in diameter, while the zone of vacuolization
within the oocyte extends from the periphery towards the center
to aporoximately 2/5 of its radius (Figure 4).

The subsequent growth of the oocyte now proceeds by means
of two kinds of inclusions: the cortical vacuoles and the oil
droplets; and the oocyte enters into the vhase of 0il formation.
In the prevarations the sites of deposition of the oil are de-
tected by the cavities which arise as a result of the dissolution
of the oil during fixation and the subsequent treatment with al-
cohols. The first small drovlets of oil appear in the vlasma
zone around the nucleus, which is free of the vacuolar inclusions,
and they form a ring around the nucleus (Pigure 5). This rine
eradually becomes wider due to an increase in the number anc an
enlargement of the oil droplets and, finally, it connects uv
with the zone of cortical vacuoles, which is growing in from the
perivhery (Figure 6). The diameter of the oocyte at this time

attains a size of 1200 - 1400 p.
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Figure 2. Trout oocytes in the last stages of the neriod of
nrotovlasmic growth. Photomicrogranh, oc. X7. ob., X2".

Figure 3. Phase of vacuolization of cytopnlasm. Photomicroeranh,
oc. X7, ob., X20,

Figure 4. ©Phase of vacuolization of cytonlasm., Photomicrogranh,
oc. X7, ob. X20.

Figure 5. Phase of oil formation in trout oocytes. Photomicro-

gravh, oc. X7, ob. X20.
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Figure €, Phase of o0il formation in trout oocytes. “Photomicro-

gravh, oc. X7, ob. X8.

Figure 7. Phase of yolk formation with a central wosition of
the nucleus. - Photomicrogranh, oc. X7, ob. XE&.

Ficure 8. Phase of yolk formation with a central position of
the nucleus. Photomicrogravh, oc. X7, ob. X3.

Figure 9. Phase of migration of the nucleus towards the animal
vole, Photomicrograph, oc. X7, ob. X3.
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The following phase of development of the egg cells of

the Sevan trout is characterized by the appearance of yolk within
the cells, on account of the accumulation of whidﬁ there occurs
an extremely intensive growth of these egg cells, and in the end
result this yolk makes up the bulk of the contents of the mature
egg. Initially the process of yolk formation is accomnanied by
a no less intensive accumulation of oil, but subseguently it be-
comes predominant. The first yolk inclusions in the form of
small granules, as well as of larger yolk spherules, which stain
to a light blue colour with the Azan method, aopesar either in
the vortions of the cytoplasm around the nucleus amidst the oil
droplets or they form a peripheral annular zone, or else they
avvear simultaneously in both of these places (Figure 7). sub-
sequently the process of yolk formation proceeds most intensively
in the central region of the oocyte, where the mass of yolk glo-
bules, staining to a red colour (with azocarmine according to
Heidenhain ‘s method) as it becomes denser, proliferates and
nushes out towards the veriphery the zone of cortical vacuoles;:
this latter zone becomes more and more narrow (Figure €). This
stage of development of the trout egg cells, as previously, is
characterized by a central positioning of the nucleus. The dia-
meter of the largest egg cells that retain this structural rlan
is 2000~ 2500 pu. After this one may observe how the nuclevs
migrates from the center towards the animal pole (Figure Q) and,
as the oocyte grows, it approaches nearer and nearer to this
point (Figure 10). The polar differentiation of the oocyte is
intensified during the course of its development not only due %o

the migration of the nucleus but also in connection with the

62
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characteristic distribution within it of the different fractions
of the yolk. Fine-grained yolk accumulates in the animal region,
while coarsely floccular yolk occupies the vegetak region. The
displacement of the nucleus towards the animal pole, occurring
during the process of the growth of the oocyte, seems to us to

be a qualitatively new phenomenon in comparison with those which
we observed up to this time. 1In addition, during this period

a considerable acceleration in the growth of the oocyte may be
noted. All of this taken together leads us to think that it
would be desirable to differentiate this stage of the develovment
of the oocyte as an independent phase, which we have arbitrarily
designated as the phase of the migration of the nucleus towards
the animal pole. Then the preceding stage may be called the
phase of yolk formation with a central position of the nucleus.
At the end of the phase of migration of the nucleus the egg cells
attain their definitive size (diameter 4500 - 5000 p), while the
nucleus approaches almost right up against the membrane of the
oocyte (Figure 11). 1In the fixed ovum it may be seen through

the membrane in the form of a white spot.

The trout egg cells, having comvpleted their growth, still
continue to remain for a long time within the tissue of the ovary.
During this period no new formation of substances now occurs
within them, but there may be observed a fundamental reorganiza-
tion of their internal structure, due to which they acouire the
structure of mature eggs and vrevare themselves for ovulation.
Since a descrivtion of these vrocesses has already been vresented

by us (13), we will speak very briefly about them here.
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As in the other salmonids, in the egg cells of the Sevan
trout during the period of maturation there occurs a coalescence
of the floccular yolk into a compact spherical mags, while the
cytoplasm, separating away from the yolk and oil, begomes con-
centrated close to the animal pole. In the trout the process
of the coalescence of the yolk commences in the center of the
ooéyte and gradually embraces the whole of its vegetal region,
The loose floccular yolk is preserved for the longest time in
the animal region (Figure 12). In the composition of the nucleus
there occur significant changes, associated with meiosis: the
nuclear membrane breaks down and the karyoplasm flows out into
the cytovlasms +the nucleoli, which undergo several comvlex
morvhological transformations, disavpear. During this veriod
the various patterns of the first maturation division have been
observed and described, right up to the formation of the meta-
phase spindle of the first maturation division.

The whole complex of vrocesses, assoclated with the vre-
paration for ovulation of the oocytes, terminating the trovho-
plasmatic growth, is considered by us as a new vhase of the de-
velopment of the oocytes, which we arbitrarily call the vhass
of the pre-ovulation structural transformations of the oocyte,
which has attained its definitive size. Then the following and
last stage of oogenesis will be the phase of the mature ovulated
egg. This last, as was already mentioned above, 1s characterized
by the complete coalescence of the yolk and by the vresence of
the vlasmatic disc on that part of the surface of the snherical
yolk mass, which is facing the animal pole (Figure 13). The oil

droplets are situated in the boundary zone between the yolk and
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Figure 10. Phase of the migration of the nucleus to the animal

nole. Photomicrogravh,

oc. X7. ob. X3.

Figure 11. Trout oocyte, having comvleted tronhoplasmatic growth.

Photomicrogravh, oc. X7, ob. X3.

Figure 12. Phase of pre-ovulation structural transformations of

the oocyte, having comvleted growth - nartial coalescance
of the yolk, transition of nucleus into meiotic state.

n - nucleus. Photomicrogravh, oc. X7, ob. X3.

Figure 12. Phase of mature trout egg. Photomicrocranh, oc. Y7,

ob. X3.
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the cytoplasm. In the cortical layer of the plasmatic disc
close to the micropyle there is found the metaphase spindle of
the second maturation division, lying perpendiculfqrly to the
surface of the egg.

It should be noted that the question,as to in which nhase
of meiosis ovulation occurs in the trout, remained unclear for
some time. On the one hand, it was stated in several studies
that in the mature eggs of the brook trout the metaphase spindle
of the first maturation division is present (21, 22, 23). The
same conclusion, which was subsequently found to be erroneous,
was also made by the present author in a study of the maturation
processes of the eggs of the "gegarkuni"#* Sevan trout (13). 1In
all of these cases the circumstance which led the investigators
into error was that these authors were unable to find.close to
the metavhase spindle, present in the mature unfertilized trout
egg, any traces of a previous first maturation division, such as
a reduction body#*#* or a reduction slit. On the other hand, data
from studies devoted to the investigation of meiosis and ferti-
lization in representatives of Far-fEastern salmonids (17, 25)
indicate that in these, as in most other fishes, ovulation occurs
at the metaphasé of the second maturation division. It was na-
tural to assume that in the case of the trout an error was made
and to attemot to obtain evidence for this. Such evidence,
though indirect, is vprovided by the data on the vrocesses of
fertilization in the "gegarkuni" Sevan trout. 3xaminine the egrs
cells of this trout at various time intervals after their inse-

mination, we found in them the extrusion of only one, i.e. the

# wgegarkuni" - a fast growing form of the Sevan trout. (Tr.).

#% A literal translation of the Russian "roduktsionnos telo".
This is the volar body, which latter term is hereinafter used
in this translation. (Tr.).
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the second polar body, after which there occurred the fertili-
zation proper, the fusion of the pronuclei, and the cleavage di-
visions commenced. Serving as the basis for thes§ conclusions
were the following data: 20 minutes after insemination (incuba-
tion at a temperature of 6-8°C) an early anaphase confisuration
was found in the trout egg (Figure 14a), and after 1 hour this
was already a late anaphase (Figure 14b). Then the beginnine
of the formation of the polar body was observed. The meiotic
configuration becomes elongated and its apical end, together
with the surrounding vplasma, protrudes above the surface of the
nlasmatic disc (Figure 14v - 1 hour and 20 minutes after insemi-
nation). After 1 hour and 45 minutes the unthreading of the
volar body occurs (Figure 14g), after which commences the forma-
tion of the female pronucleus. We can see the stages of thie
process in Figure 14d (2 hours and 30 minutes after insemination)
and Figure 14 e (3 hours and 30 minutes after insemination).
5 hours after insemination the female and male vronuclei are
found dee» inside the embryonic disc, touching one another (Fi-
gure lldgzh), and 1 hour later they are already in the wrocess of
fusing (Figure 14z). 7 hours after insemination one can see
one of the initial stages of the formation of the metanhase
spindle of the first cleavage division (Figure 14i), and after
1 more hour the spindle configuration is already formed to a
considerable degree (Figure 14k). 10 hours after inseminaticen
the embryvonic disc of the trout ege is found to be divided into
two blastomeres.

The data presented provide evidence that in the farti-
lized trout egg there is comvleted the second maturation division

and that, therefore, the ovulation in the trout is carried out
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Figure 14. Comvletion of the second maturation division, fer-
tilization and commencement of the first cleavage division in

inseminated eggs of the "gegarkuni" Sevan trout. Fhotomicro-

gravhs, oc. X7, ob. X90,.

during the metaphase period of the second maturation division.
From this it may be concluded that the srindle figure which we
find in the oocyte of the Sevan trout, still enclosed in the
tissue of the ovary but already containing the fully coalesced
yolk, also vertains to the second maturation division. In its

location and size this svindle does not differ from that which

16
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is found in the ovulating egg. Previously we also assigned this
meiotic figure erroneously to the first maturation division (13).
Concerning the overall division of oogenettis in the
Sevan trout into phases, it should be noted here that we selected
as indicators of the initiation of a new phase the beginning of
some or other qualitatively new process that was occurring within
the egg cell: the synthesis of a new substance, the beginning
of the bipolar differentiation of the oocyte etc. OUver the
course of each of the described phases of develoovment there na-
turally occur certain changes in the structure of the egeg cell,
but these changes are basically of a quantitative character:
there is an increase in the mass of substances synthesized by
the cell, the nucleus comes to lie comparatively closer to the
animal pole etc. As will be shown later, the rate of growth
of the trout oocyte increases as it enters into each new phase
of develovment.
It should be noted that in the process of trophonlasmatic

growth of the ege cells in the masu (Oncorhynchus masu) (29),

ae well as the chum (Cncorhynchus keta) and sockeye (Cncorhvn-

chus nerka) (24), stages have been distinguished which are in

orincinle similar to those in the Sevan trout. The authors
distinguish the following stages in the develovment of the egg¢
cells: stage of vitelline vesicles (cortical vacuoles), starge

of oil droplets, orimary, secondary and tertiary yolk stages -
based on the degree of filling of the oocyte with yolk (in the
Sevan trout all of these are united in the vhase of yolk forma-
tion with a central position of the nucleus), the stage of migra-

tion of the nucleus, the pre-maturation stage (in the trout this

68
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corresponds to the phase of the pre-ovulation structural trans-
formations of the oocyte that has completed its growth) and the
definitive maturation stage (in the trout - the phase of the
mature egg).

Over the course of the period of protoplasmic growth
the structure of the egg cells of the Sevan trout changed in a
particular manner, as has been shown above. These changes main-
ly concerned the location of the nucleus and the state of the
cytoolasm. A ring of darkly coloured cytovplasmic fragments
around the nucleus, superficialiy similar to that which is vre-
sent in the oocytes of the Sevan trout at certain stages of its
development, has been described by several authors in the oocytes
of certain other species of fishes under the name of a circum-
nuclear ring. According to the data of N. L. Gerbil’skii (3, 4)
in the mirror carp this structure revnresents a fatty-liv»oigd
substance and has a seasonal character. It is oresent in the
oocytes during the winter and spring, but disapoears in the sum-
mer. It is not possible to say anything about the nature angd
significance of the similar formation in the egg cells of the
trout or to make any analogies between this and the circumnuclear
ring in the oocytes of other fishes on the basis of the availatle
data. %e are justified only in noting that in the Sevan trout
this structure appears, becomes modified and disavpears in con-
nection with the growth and development of the egg cell and in
no way has a seasonal character, as in the carvp, since it is
found in the oocytes during the period of protovlasmic growth

irresnective of the season of the year.
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In the maturity scale for the ovaries of fishes, which
has been accepted at the present time by ichthyologists and
fish culturists (11, 12, éo et al.), the various‘gtages of matu-
rity of the ovaries are characterized in the following manner:
first - in the ovary there are present oogonia, oocytes in thre
veriod of the synaptic pathway and oocytes entering into the
period of protoplasmic growth. Second - an older generation
of oocytes is in various stages of protopiasmic growth, Cver
the course of the third stage there proceeds the trophovnlasmatic
growth of an older generation of oocytes. Finally, the fourth
stage of maturity of the ovaries is characterized ds—eharscte-
2ized by the presence in them of oocytes that have attained their
definitive size, while the fifth stage is characterized by the
presence of mature ovulated eges. In the Sevan trout, as has
been shown above, the period of the trophoplasmatic growth of
the ege cells is divided into four phases, in accordance with
which within the third stage of maturity of the ovaries we may
distinguish four substages.

Taking into consideration all thet has been vresented
above, one may represent the maturity scale for the ovaries of
the Sevan trout in the following manner:

Stage I -~ ovaries in the form of short, flat, nale-»ink
strands; the oviferous lamellae arenot visible with the naked
eye, they can be distinguished only under a magnifying eglass.
The ovaries contain oocytes in the period of the synawtic nath-
way and at the very beginning of the period of protoplasmic
growth.

Stage II - ovaries in the form of wider nink small

ritbons. The oviferous lamellae. are clearly distinguishable



20

with the naked eye, though the egg cells are poorly visible.
The latter are passing through the period of protoplasmic growth.

Stage III: III-A - ovaries of a greyisgfpink colour,
ege cells of older generation distinguished by the naked eye
in the form of small light-coloured dots. They are in the phase
of vacuolization of the cytovlasm; 11I-B - ovaries light-grey
or whitish-grey, oocytes 1-1.5 mm in diameter and they are in
the vhase of oil formation; I11-V - ovaries of a light-yellow
or yellow colour, the egg cellé with a diameter of 1.5-2.5 mm
are in the phase of yolk formation with a central vosition of
the nucleus; 11I-G - ovaries large, of an orange colour, egg
cells large but they have not yet attained their definitive size,
2.5=4 mm in diameter, théy are in the phase of the migration
of the nucleus towards the animal vole.

Stage IV - ovaries bright-orange, they occuny a large
vart of the body cavity of the fish, the egg cells of the older
generation have attained the definitive dimensions, 4.5-5 mm
in diameter (vhase of pre-ovulation structural transformations
of the occyte that has comoleted.growth).

Stage V - the mature eggs have vassed out of the ova-
ries into the body cavity of the fish, the eggs pass out of the
genital ovening when the abdomen of the fish is vressed or when
the body of the fish is hent.

The females of ths Sevan trout vossessing gonads in ma-
turity stages 1I, II1I-A, III-B, III-V and in the beginning of
III-C have the characteristic appearance of the feeding (non-
svawning) trout - a light colour of the integument, a silvery

lustre of the scales, and a flexible and well-fattened body.



21

During the period when the ovaries of the trout approach the

end of substage III-G there appear in the trout the first fea-
tures of the breeding coloration: scales that weke more diffi-
cult to scrape off than in the non-spawning fish, the genital
pavilla enlarges, mucus appears on the surface of the buody.

when the ovaries pass into stage IV of maturity the spawning
coloration is already clearly expressed in the females: the
characteristic dark-olive colour of the body, the change in form
of the head etc.

It should be noted that the term "yalovaya" trout,®
accented both in the scientific literature on the fishes of lLake
Sevan as well as by workers in the fishery, does not refer to any
sterility of the fish but only to an immature state of its geni- 7C
tal oroducts and the corresvonding physiological state of its

organism.

Sevan Hydrobiological Station Received 18 December 1CEl

* The Russian word “yalovaya", translated above by "non-
svawning", literally means "barren". (Tr.).
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