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Salmo ischchan (Kessler)

Oogenesis and a maturity scale for the ovaries of the

Sevan trout, Salmo ischchan (Kessler)

I. T. Negonovskaya

The investigation of oogenesis and the comnilation of

a maturity scale for the ovaries is the first necessary stage

in the study of the sexual cycles of fishes. or some rerresen-

tatives of the families C.yprinidae, Percidae, 6almonidae and

Acinenseridae fairly detailed information is available on these

auestions, though with respect to many soecies of fishes this

information is still very scanty. In particular this concerns

snecies of the genus Salmo. Here one may speak only of some in-

dividual data belonging to various (mainly the last) sta^ee of

oorenesis of some of the representatives of this genus - the

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

nondinF pages in the original text. (Tr. ).
* The numbers in the right-hand margin indicate the corres-
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ischchan (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 ohe oogenesis 

of the subject under consideration, but was taken only as an 

example from the study of Y. A. Kiselevich (7), who proposed 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 are cha-

racteristic of this family as a whole. Thus, in the eare cells 

of the studied species of fishes (whitefish, CasPian inconnu, 

Atlantic salmon, some Far-Eastern salmons) there is noted the 

formation of similar inclusions: vacuoles appearing in the ue- 

riuheral layers of the cyto .blasm in the early stages of oogenesis, 

fatty inclusions and yolk. However the sequence of the aunear-

ance of these is different in different species of fishes. In 

the egg cells of the Ludoga whitefish, Coreeonus lavaretus ludca-a, 

there initially appear the first droplets of oil and then the 

vacuolization of the cytoplasm commences (10). In the chum, 

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

trast, initially there occurs a partial  vacuolization of the cyto-

plasm and then the oil and yolk become formed (24). As to  the  

vacuolar inclusions in the oocytes of salmonids, theEe are a-- 

narentiv identical to those vacuoles, containing a muco-olvsac-

charide substance, which are characteristic in general of the 

eeu 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, possessing large eggs, may be considered to be 
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the disnlacement 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,,424, 29). Fi-

nally, a characteristic feature of all of the salmonids is the

process of the coalescence of the lump-like yolk into a compact

homogeneous mass during the period of the prenaratioz of the

oocytes prior to ovulation.

T^)ossessinz several features that are common to all, the

process of oogenesis in each of the above-mentioned s7ecies un-

doubtedly has its own characteristic features both with respect

to the morphology 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 development of the eFp7 cells

in each new stiecies.

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 Fiven of this

nrocess for the Sevan trout in generaJ..

The material, collected over a four-.year neriod (1c[`-

1961), embraces almost all of the seasons of the year and various

stages of the life cycle of the trout: the growth -oeriod, the

neriod when the trout -)repare for spawning and acpuire tre bree-

ding coloration, and the spawning period. In total, about 130(^

ovaries of the Sevan trout were examined in histological nrena-

rations. The material was fixed with Bouin's fixative and was

embedded in naraffin in the usual way. 5 to 7 p thick sections

were stained with Heidenhain's haematoxylin, and also with ;eiden-

rain's Azan stain.

59



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 distinct process. 

The study was commenced from the moment when the egg 

cells enter into the period of protoplasmic growth. The pre-

ceding period of oogonial division, and also of the nuclear 

transformations of the oocytes, was not considered by us. Within 

the Period of the protoplasmic growth many authors (11, 12) dis-

tinguish two phases of development of the oocytes: the Phase 

of the juvenile oocyte and the phase of the oocyte with a one-

layered follicle. The differences in the structure of the ep-a-

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 ectoolasmic membrane, while subsequently around them 

there is formed an envelope of follicular epithelium. In the 

Sevan trout, as shown by the data obtained, it was not Possible 

to draw a distinct boundary between these two phases. Neverthe-

less, during the process of protorilasmic growth its egr cells 

not only increase in volume but also change their structure in 

a Particular fashion, which is manifested even in one and the 

same Preparation of an ovary, since the trout is characterized 

by having a marked asynchrony in the development of the oocytes 

(especially in the early stages of maturity of the ovaries). 

Refraining from distinguishing any particular phases, we will 

only describe those forms of egg cells of the period of proto-

plasmic growth, which we were able to observe. 
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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 homoge*eous (Figure 

la). The nucleus in such darkly stained egg cells is displaced 

right un 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 previous-

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): aeainst the over-

all more lightly coloured background of the cytoplasm there be-

comes differentiated a darkly coloured section, adjacent to the 

nucleus and having a very variable form. As the ege cell Frows 

one may see how the nucleus gradually moves into the center, 

while the darkly coloured portion of plasma, earlier renresented 

by a compact area, stretches out, breaks U10 into seuarate frag-

ments and becomes arranged around the nucleus in the form of a 

ring (Figure 1 e, d, e, zh). During the process of the subse-

auent growth of the oocyte the fragments of this  ring  become 

smaller and smaller and more and more lightly coloured, they 

move away towards the Periphery, take on the form of weakly co-

loured flocculi and, finally, disappear completely (Figure 1 z, 

k, 1). The oocyte of the Sevan trout, having attained the 

completion of protoplasmic growth (diameter  1400-500 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, oil 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;^l 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 atipes.rance

of small droplets of a substance which is stained a light-bluish

colour with aniline blue, in the peripheral layers of the plasma

of the oocyte (Figure 3). As they grow they are transformed

into round vacuoles, the number and diniensions 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

averaEe, to 000 µ in diameter, while the zone of vacuolization

within the oocyte extends from the periphery towards the center

to apnroximately 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 phase of oil formation.

In the pre _parations 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 droplets of oil appear in the blasma

zone around the nucleus, which is free of the vacuolar inclusions.

and they form a ring around the nucleus (Figure 5). This rinFr

gradually becomes wider due to an increase in the number and an

enlargement of the oil droplets and, finally, it connects un

with the zone of cortical vacuoles, which is growing in from the

periphery (Figure 6). The diameter of the oocyte at this time

attains a size of 1200- 1400
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Figure 2. Trout oocytes in the last staves of the neriod of

nrotonlasmic growth. Photomicrogra,)h, oc. X7, ob. X2'.

Figure 3. Phase of vacuolization of cytoplasm. Photomicr. ogrânh.

oc. X7, ob. X20.

Figure 4. Phase of vacuolization of cytonlasm. Photomicrogranh,

oc. X7, ob. X20.

Fizure 5. Phase of oil formation in trout oocytes. -,'rotomicro-

granh, oc. X?, ob. X20.
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Figure 6. Phase of oil formation in trout oocytes. Photomicro-

eranh, oc. X7, ob. X8. 

Figure 7. Phase of yolk formation with a central nosition of 

the nucleuÉ 	Photomicrogranh, oc. X7, ob. Xe. 

FiFure 8. Phase of yolk formation with a central position of 

the nucleus. PhotomicroFrauh, oc. X7, ob. X3. 

Figure 9. Phase of migration of the nucleus towards the animal 

Dole.  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 whicli there occurs 

an extremely intensive growth of these egg cells, and in the end 

result this yolk makes UD the bulk of the contents of the mature 	62 

egg. Initially the process of yolk formation is accomranied by 

a no less intensive accumulation of oil, but subsequently 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, appear either in 

the Portions of the cytoplasm around the nucleus amidst the oil 

droplets or they form a peripheral annular zone, or else they 

aupear simultaneously in both of these places (Figure 7). Sub-

seauently the process of yolk formation proceeds most intensively 

in the central region of the oocyte, where the mass of yolk glo- 	63 

bules, staining to a red colour (with azocarmine according to 

Heidenhain's method) as it becomes denser, Proliferates and 

rushes out towards the Periphery the zone of cortical vacuoles; 

this latter zone becomes more and more narrow (Figure 8). 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 nlan 

is  2000-200 p. After this one may observe how the nucleus 

migrates from the center towardE 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 to 	64 

the migration of the nucleus but also in connection with the 
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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 vegeta* 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. In 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 develooment 

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 ege cells 

attain their definitive size (diameter 4500- 5000 p), while the 

nucleus approaches almost right up against the membrane of the 

oocyte (Figure 11). In the fixed uvum it may be seen through 

the membrane in the form of a white spot. 

The trout egg cells, having comuleted 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  internai structure, due to which they acouire the 

structure of mature eggs and prepare themselves for ovulation. 

Since a description of these Processes has already been nresented 

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 mafs, while the

cytoplasm, separating away from the yolk and oil, becomes con-

centrated close to the animal pole. In the trout the process

of the coalescence of the yolk commences in the center of the

oocyte and gradually embraces the whole of its vegetal reFion.

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 cytoblasm; the nucleoli, which undergo several comnlex

morbhological transformations, disappear. During this neriod

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 processes, associated with the r.rP-

paration for ovulation of the oocytes, terminatin,,), the tror,ro-

plasmatic growth, is considered by us as a new 'phase of the de-

velopment of the oocytes, which we arbitrarily call the Uhase

of the pre-ovulation structural transformations of the oocyte,

which has attained its definitive size. Then the f ollowinp and

last stage of oogenesis will be the phase of the mature ovulated

egg. This last, as was already mentioned above, is characterized

by the complete coalescence of the yolk and by the presence of

the nlasmatic disc on that part of the surface of the srherical

,yolk mass, which is facinp 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 

role . Photomicrograph, oc. X7, ob. X3. 

Figure 11. Trout oocyte, having comnleted tronhoulasmatic Erowtb 

Photomicrograph, oc. x7, ob. X3. 

Figure 12. Phase of pre-ovulation structural transformations of 

the oocyte, having completed growth - nartial coales c==-Ice 

of the yolk, transition of nucleus into meiotic state . 

n -  nucleus. Photomicrograoh, oc. X7, ob.  X. 

Figure 13. Phase of mature trout ega. Photomicroeranh,  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 66

the second maturation division, lying perpendicul4rly to the

surface of the egg.

It should be noted that the question,as to in which phase

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 snindle

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

urocesses of the eggs of the "gegarkuni"# Sevan trout (13)- In

all of these cases the circumstance which led the investigators

into error was that these authors were unable to find.close to

the metaphase spindle, present in the mature unfertilized trout

eag, any traces of a nrevious 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-Eastern salmonids (17, 25)

indicate that in these, as in most other fishes, ovulation occurs

at the metabhasz of the second maturation division. It was na-

tural to assume that in the case of the trout an error was made

and to attempt to obtain evidence for this. Such evidence,

though indirect, is provided by the data on the ,^rocesses of

fertilization in the "ge^arkuni" Sevan trout. Examinin^ the e^^

cells of this trout at various time intervals after their inse-

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

^ "g-e garkuni" - a fast growing form of the Sevan trout. ( Tr .).

A literal translation of the Russian "reduktsionnoe telo".
This is the nolar 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 thel conclusions 

were the following data: 20 minutes after insemination (incuba-

tion at a temperature of 6-8 °C) an early anaphase configuration 

was found in the trout egg (Figure 14a), and after 1 hour this 

was already a late anaphase (Figure 1)4b). 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 plasma, Protrudes above the surface of the 

rlasmatic disc  (Figure  lLIv  - 1 hour and 20 minutes after insemi-

nation). After 1 hour and 45 minutes the unthreading of the 

Polar body occurs (Figure 14e), after which commences the forma-

tion of the female pronucleus. We can see the stages of this 

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 Pronuclei are 

found dee'D inside the embryonic disc, touching one another  (Fi-

gure  14zh), and 1 hour later they are already in the nrocess of 

fusing (Figure 1)4z). 7 hours after insemination one can see 

one of the initial stages of the formation of the metanhase 

spindle of the first cleavage division (Agure 14i), and after 

1 more hour the spindle configuration is already formed to a 

considerable degree (Figure 1)41<). 10 hours after insemination 

the embryonic disc of the trout eee is found to be divided into 

two blastomeres. 

The data presented provide evidence that in the ferti-

lized trout egg there is completed the second maturation division 

and that, therefore, the ovulation in the trout is carried out 6r, 
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Figure 14 . Comuletion of the second maturation division, fer-

tilization and commencement of the first cleavage division in 

inseminated eggs of the "gegarkuni" Sevan trout . :'.hotomicro-

granhs,  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 Pertains to the second maturation division. In its 

location and size this spindle does not differ from that which 
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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 oogeneltis 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 beginninP7

of the bipolar differentiation of the oocyte etc. Over the

course of each of the described phases of develonment there na-

turally occur certain changes in the -structure of the eve, cell, 68

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 oole etc. As will be show:n later, the rate of growth

of the trout oocyte increases as it enters into each new phase

of deve lonment .

It should be noted that in the process of trophonlasmatic

arowth of the egg cells in the masu ( Gncorhynchus masu )( 29.),

as well as the chum (Oncorrynchus keta) and sockeye (Cncorhyn-

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

nrinciDle similar to those in the Sevan trout. The authors

distine'uish the following stages in the development of the egg

cells: stage of vitelline vesicles (cortical vacuoles), stat7e

of oil droplets, primary, 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 phase of yolk forma-

tion with a central position of the nucleus), the stage of mi7r2-

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

cytoplasm. A ring of darkly coloured cytoplasmic fragments 

around the nucleus, superficially similar to that which is pre-

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 A. L. Gerbil'skii (3, 4) 

in the mirror carp this structure rePresents a fatty-lit)oid 

substance and has a seasonal character. It is Present in the 

oocytes during the winter and spring, but disanoears in the sum-

mer. It is not Possible to say anything about the nature and 

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 an the basis of the availa -ble 

data. We are justified only in noting that in the Sevan trout 

this structure appears, becomes modified and disappears in con-

nection with the growth and development of the egg cell and in 

no way has a seasonal character, as in the caru, since it is 

found in the oocytes during the period of Protonlasmic growth 

irrespective 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  culturiste  (11, 12, 20 et al.), the various eages of matu-

rity of the ovaries are characterized in the following manner: 

first - in the ovary there are present oogonia, oocytes in the 

period of the synaptic pathway and oocytes entering into the 

Period of protoplasmic growth. Second - an older generation 

of oocytes is in various stages of protoplasmic growth. Over 

the course of the third stage there Proceeds the troPhoPlasmatic 

growth of an older generation of oocytes. Finally, the fourth 

stage of maturity of the ovaries is characterized &It...abet/mete- 

-eitetenC 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 eggs. In the Sevan trout, as has 

been shown above, the period of the trophoplasmatic growth of 

the eFe 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 that has been presented 

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, Pale-nini,  

strands; the oviferous lamellae are not visible with the naked 

eye, they can be distinguished only under a magnifyinu glass. 

The ovaries contain oocytes in the period of the synantic Path-

way and at the very beginning of the period of protoplasmic 

growth. 

Stage II - ovaries in the form of wider Pink small 

ribbons. The oviferous lamellae are clearly distinguishable 
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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 greyist-pink colour.

egg 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 cytoplasm; III-B - ovaries light-grey

or whitish-grey, oocytes 1- 1.5 mm in diameter and they are in

the phase of oil formation; III-V - ovaries of a light-,yellow

or yellow colour, the egg cells with a diameter of 1.5 -2.5 mm

are in the phase of yolk formation with a central uosition of

the nucleus-, III-G - ovaries large, of an orange colour, egg.

cells large but they have not yet attained their definitive size,

2.[ -4 mm in diameter, they are in the phase of the migration

of the nucleus towards the animal tiole.

Stage IV - ovaries bright-oranp-e, they occuny a large

nart of the body cavity of the fish, the egg cells of the older

generation have attained the definitive dimensions, U.5 -5 mm

in diameter (phase of pre-ovulation structural transformations

of the occyte that has completed growth).

Stage V - the mature eggs have oassed out of the ova-

ries into the body cavity of the fish, the eqgs pass out of the

genital opening when the abdomen of the fish is t)resspd or when

the body of the fish is bent.

The females of the Sevan trout -^)ossessin?r gonads in ma-

turity stages 'II, III-A, III-B, I- '1-V and in the beginning of

III-G have the characteristic appearance of the feedinF (non-

snawnin^-_) trout - a light colour of the inte.--ument, a silvery

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

cult to scrape off than in the non-spawning fish, the genital

nanilla enlarges, mucus appears on the surface of the body.

,,`hen the _ ovaries pass into stage IV of maturity the s-oawninp-

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,*

acce nted both in the scientific literature on the fishes of Lake

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 a-eni-

tal rroducts and the corresponding physiological state of its

oreanism.

Sevan Hydrobiological Station Received 18 December 19r..1!

7C

* The Russian word " yalova,ya", translated above by "non-

srawning", literally means "barren". (Tr.).
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