
ARCHIVESS

FISHERIES RESEARCH BOARD OF CANADA

Translation Series No. 239

METHODS OF STUDYING THE EFFECT OF ENVIRONMENTAL FACTORS
ON THE FLUCTUATIONS IN THE ABUNDANCE OF THE AZOV ANCHOVY

by T.F. Dementeva

Original title: Metodika izucheniia vliianiia estestvennykh
faktorov na chislennost azovskoi*khamsy

From: Trudy Vsesoiuznovo Nauchno-Issledovatelskovo Instituta
Morskôvb Rybnovo Khoziaistva i Okeanografii ( VNÎRO),
Vol. 34, pp. 30-629 1958 '

Translated by the Bureau for Translations, Foreign Language
Division, Department of the Secretary of State of Canada

Edited by L.M. Dickie

Distributed by the Fisheries Research Board of Canada
; 'Biological Station, St. Andrews, N.B.

1 9 59



Prior to the controlling of the run-off from rivers into the
Azov Sea the catches of Azov anchovy comprised about 40% of ^he
total catch in the-basin of, the Azov.and Black seas. However, the
catches of anchovy varied greatly from year to year. Thus the
largest catch of anchovy for, the last 23-Yeârs was made in 1938.
Itexceeded;by several.:times the catches for 1935, 1944 and 1945,
not to mention the smallest.câtch in 1954-1955.

The main fishing for anchovy is carried out in the straits of
Kerch at the time when the.anchovy leave the sea of Azov for
winter quarters in the,Black Sea.

Table I. The age composition of anchovy CaOçording to thé survey.

V.P. Kornilova and others).

ymaterial of the Azcherniro. expeditiôn`^, proces s ed b

ünder- 2-yr. 3-yr 4-yr Catch in ^

Years. yearling s. :..olds . olds olds towards 19.12_

0l

1193 817 100
1932 118
1933 3 Z.,s? 893 p 2. i58
1934 55,8 . ; .. - 1992 4 i ,
1935 88:11 7,5 490^. OA4 38
1936 .8017. . 16,9 2,2 0,-2. 107

1937 67.6 251 .0 ^: 7' l 0^^ 3 172
'1938 34,7 2^4 .. 12,3 0- 257^6 198^
1"939 :4590 32.,2. . .,21 .1.i 1

27,4 33 97 4 .
,
227

-i94i 3396 42,6 21,9 7-'^ 2 71
1945 . 43,6 3316. . 21,6 . .,1:,,.,.
1-946 8.0%2 6,0 1295 . ..1.^3 155.1947 2,$ .68,1- . 8,3 - ' - .

?^:0 2^i194$ : 31,0 . 2910 .: . . Q0
..1949 64,4 .:. 17,0 ^9Ô 0 j6

6,1 3,4̂r1950 78,0 . 12,5 ; 126

1951 17,0 69 12 11 0 2,8 245

.1952 31,0 20,1 48" 0,7 175
19.53 61 18,4 ^ 3^9 124

The strong year-classe's' are ..undersë.o,red.

It was assumed that the success ofithe fishing depended upon
the hydrological conditions that developed during the short fishing
seâson in- fâll. c'It : was also:, assumed that.the fishing touched, only
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on a small part of the Azov anchovy and that the state of its
stocks does not restrict the expansion of the^fishing industry.

An.analysis of the observations over many years showed that
the fluctuations in the catches of anchovy, in.many,.cases,
depended upon changes to which its stocks are subject, A com-
parison of the relative strength of a year-class (according to
the age-composition) with the size-Of-the catch, shown in:Table
I, confirms these conclusions.

The data in Table I indicate thë "presence".--during the
period under study--of five strong year-classes (3-9325 - 29,379 1946,
1950 and 1953) and fiveaverage-crop year-classes (1936, 1938,
1943, 1944..and 1947) in.. the commercial stocks..^of anchovy. The
estimate of the relative=stock strengths according-to.'Mayski.and
Kornilova) indicates that the year-classes..of 1935 and 1949 are
also to be..,numbered among the streng.-year-classes. However, these
year-classes in. vi.ew . of.,.the poor..:: condition-..;of. ,the underyearlings
could not.1 so,.it . seemsjFendure -the.^severe conditions of wintering
that .were^::.observed - in 1935-1936._.and. 1949i^,1950:and perished. This
accounts :for ,the. ^considerable, reduction .,in;: th6:-numbers of the
indicated year-class:in-.,the catches^,.of-;subsèquent years (19361' 1937,
1950 and 1951).

The commercial age.^igroups .of,,:anchovy;,,.are comprised primarily
of -s2- and ;3&ÿear : olds:. -,If the significancë-of ,;ahese groups in the
commercial.stocks of anchovy is compared with-the catches in the
corresponding years a direct dependence-.,bettiueen the.size of the
generationand the catches'can-be.observed. :The war years are an
exception when a shortage of fishing boats.-brought about a re-
duction in"the catches.

The dependence between the'.relative =inerical strength of the
2-and 3-year olds and the catches of°.Azovanchovy is shown by
Figure 1. The figure shows thât'the abundant year-•class of 1932
brought about 'an increase in the ca,tches ^.^in :1933 and 1934. The
year-classes.of 1936i-.1937 and'1938:ensured'an:increase in the
catches in 1937-1940^ thé year-classes of--1946:a'nd 1947--in 1947 and
1948 and,;,finally, the ÿear-class of 1950-,in 1951 and 1952.

The poor- year-classes of 1931.11"19341.^.^1935, 194.59 :- 1951 and
1952 reduced the catches, in 1932`, 1935,.3-936, 1940, 1946, 1952 and
1953. Only. in two.cases- was a_discrepdncy.. observed,between the
numerical strength. ôf 'the year-classes and..the_ catches: 1) As a
result of^less intensive fishing during the war, and 2) as a result
of the enormous mortality among the fry f'bcrn" in :1949 during
wi4terin90,

Up to 1/3 of the large catch of-anchovy in,1949 was cemprised
of underyearlings. Their numbers were so large that at a relative
estimate of the size of thé ÿear-classes by the'age-composition
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the specifi'c w.eight-:of;,thë pr,eoeding.: yëar^'qlasses (1948 and 1947)
appeared_`j.to,^!_be-underestimated'

Thus 9 not denying+ the effect . of ;the hydromete,orolpgical
conditions aiid:^of other fs.ctors upon the result of the fall
catches 6f.ançhovy-ôhe may^concl.ude::`1.):that'thc stocks of
anchovy,.vary::cônsiderably over the:years; 2)'the fluctuations in
the stocks .are br.bughtàbout 9 first of all,. by the. different
strength_of the.yèar-classes; 3) t e!fluctuations in the stocks.
of anchovy,.are:réflected~noticeabl^.by.the size of the:catches.

"Wi.th-regard.,.'to relative strength9-©ne yeâr^ class of anchovy
exceeds the other:4--5 times; this canhot.but âffect the r'esults
of the catches.:^Therefore; iri,thé case of-the smallest^stôcks
one must estimate the possible yield of:fall anchovy accordirigly.

As..éàrly-as ,1949 V.N. Mayski pointed out the large ,fluctu-
ations": in,!.the stocks'_i of àrichovy ànd the effect'of these
fluctuàtiôns,^.upon`the càtchesà 'VoN.' Mayski regards.the natural
factors ànd :hot. .the::intensity. of fishing'a.s the cause.for the-
great diminishing in the stocks of anchovy..

In -éwanéction.with -theabôve it is clear how necessary it is
to know::the..`càuses:of the fluctuations An the s.tocks of- anchovy
and in timeltô=explain'and.estimate possible changes in its
catchésq.,impr©ving,thé methods for-forecastirig these catchès.,

, ^ The ,^fluctua,tions iri. the stocks of,anchovÿ j first,of all g are
brought about by thevarying strength of the year-classes. For
this reasor^_we;-uridertook a complex study of all ^he factors upon,
which."tYie reproductiori^^the development or growth and survival of
the fry of : anchovy .depénd.;

Those parti'cipating in-the coriferencè on fishing problems in
December.of 1951 came to the conclusion that.for most^species the
cause for the fluctuations in the stocks of commercial fish are
the conditions for reproduction and:the,survival of the fry in the
early stages of development. The main task of the research in
recent years :has,,.beer^, U establish the laws. that bring-- about the
"best." survival<._:,:..:.,, ,'.

If there are, any data, .,in the relationship of ,anadromous and.
migratory fi,sh;that.:. charaçterize the adaptive qualities of the
speciés ahd;,its.requir.ements:wi_th regard-to.the conditions for
reproduçtiôn and the growth of the fry.9 we know almost nothing
about what :-causes .or. determine,s the_ surv3:vàl^ of the Y. of marine
fi-sh ex.cept for the g4éneral.idea.regârding. the.degree of the food,
supply, for . the,, -fry. at: the, _moment of the-transition of the larvae
to active feedinga

Together with the expansion of fishing with regard to most
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species of fish the need arises for the introduction of a 
rational control of fishing which would be based upon a study 
of the specificity of the species and its adaptive qualities 
with regard to the reproduction and the survival of the popu-
lation. Depending on the pace at which the new techniee of 
catching, which facilitates the expansion of fishing, will be 
put to practical use the need for this kind of knowledge is 
growing rapidly. The abrupt fluctuations in the numerical 
strength of marine fish compels us to reckon with this factor 
also when studying the behaviour and the distribution of the 
fish and to reflect this when compiling maps for commercial 
fishing. E.N. Pavlovski observes that the maps for commercial 
fishing should include the extreme limits or ranges of the 
dynamics of the accumulations of the stocks of fish in the 
aquatorial" as well as u calendar u  respect. 

All this compels one to begin the study of the conditions 
for the reproduction and the survival of the fry of marine fi.sh 
and first of all to develop methods for this study. This will 
be more complicated with regard to the open sea than for inland 
bodies of water. 

Thus the research carried out by us with.regard:to.the Azov 
anchovy aims at evolving methods .for the kind of work:indicated. 
At the same time work was started,to study the conditions for 	. 
the survival of the Black Sea anchovy as .well-ad of the herring 
of the Baltic Sea. The methodological importance of the selected 
species consists in the fact that these marine fish , differ from 
one another in the different dynamics  of 'the stocks in the 
structure of the spawning populations and the biology of repro-
duction. The roe of the anchovy is pelagic whereas, that of the 
Baltic herring is demersal. A comparison of the results will • . 
help to "uncover" new laws that govern the numerical strength of 
both species, . The results of the research regarding the Azov 
anchovy are preeented in this work.. 

Research Methods 

Much wOrk has been "dedicated" to the problems  of the  study 
of the conditions of the reproduction and development or growth 
of the Azov anchovy. This work was carried out as direct 
observations on the sea or under experimental conditions. The 
attitude of the anchovy to the factors of the outside medium, the 
development of the embryos during the Various stages, the food of 
adult anchovy and its fry, the food interrelations of' the  anchovy 
with.other fish (for instance, with the "tyulka"--sardelle),' the 
aquatorial (Russian writers regard the masS of waters of a'sea or 
part of a sea as an "aquatorium" Ti'.)  distribution of their larvae 
and their numerical strength per unit volume of water and other • 
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questions were studied.

Howéver9 all these efforts failed to establish the causes
for the change--in one or the other yeara-in the numerical
strength of recruits for the anchovy stockso On the one hand
little attention wasallotted-to this problem for it was assumed
hat the size °of tYie year-classes is determined in winter 9. at.. ..
he time when the` Azov ànchovy- winter in the Black Sea a On the

Other hand9 it was assumed--without any.particular proiifm- that
good.years with regard to food (a "high89'biomass of plankton)
produced a high récruitment^ ioeo9 ensured the greatest or
highest`'sùrvival of théyearmcla=sso However, even with a most
çursory comparison it was seen that during the poorest yearsm®
with regard to food-7m(19489 1950) the best year-classes-- with

Zo '

Our réséàrch wàs of â cômplex nature and w'as -car
s'iintiltârieôùslÿ `ox1 the sea; °and ùnde± experimental conditions.
The research differèd from othër 'work in that the vital processes
^^terë st"ûdi-4(l ^di^r'éctlÿ-^'o^ï^`^t^ié sea and by means of ; material that '
was 1?èi^g collécted ùz^der' vârÿing 'conditioris (iz^ different years a
months 7 -days 'arid `hoùrs of ,the day during the entire reprodùctidx^^;
period of the anchovy). Observations were made every 3 to 4 days.
;Tn- c'orin'ëction With this9samplès were taken to determine the
saliriity. ànd the oxygen -content o At the same time observations
were made- of the "tëmperature '.'of the water 9 the velocity or` force
and '.diréétiori , of the wind, the ' cloudi^iess 9 the doi^dition of the
sea and the transparency of the watera Zooplankton as well as
phytoplanktofi -ând-âlso ichthyoplariktonwere collectéd with a
roé-xlët. At riigYit a net 'and a ring'tr^.wl witYi°'a diameter of
1913 m of a caprone(?) section with a mesh of 3 to 4 mm wexe used.

The.samples were te.ken at the surface and also at a dèpth of
4 to ' 5 m_^ .. The ôb`tained mâ.terial was fixed on the spot 4 but
partly was`sttidied while still âlive. : The eollected samples were
proéëssed at ônce; This help.ed 'us t^i wâtch-directly the spawning
of the ^zaciioVÿ and the dëvelopme'^zt 6f' the embryos under various
cô^,^ditions `âs well âs'the growth9 the distr%bution9 'food and
strength of the larvae at the early stages of development. The
time and, na,ture of further eollecting wer.e planned depending on
the results obtâ.inède

A study of. the colôlected -matérial ms.de 3.t possible *0

I) lo establ3sh the bëg^:xix^i^ag ^ the Peak' and the, end of the
spawx^ïxg_ per'iod'iaridèr: the`"co^icretey conditions of the given year;

2`) t.p establish the density -of the distributiori of live
eggs and larvae àt varioüs' depths d'aring- the entire `period of the
reproduction of the anchovy under varying conditions;
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3) to determine the percenta.ge of the- lôss- of eggs- at--
various stages of development dü-ring-a"24-hour period.and."under
various conditions-of the gas, temperature, salt and winds
regime(?) at a varying degree of illumination and condition or
state of the sea;

4) to determine the growth of the larvae-and-nature of
their food relations to the food phyto-and zooplankton-beâring,
in mind the changes in the biomass of the predominant forms of
plankton at various stages of development;

5) to establish the relative percentage.of the loss of
eggs to the extruded amount of eggs and the relative numerical
strength of the larvae.

This work was carried out in 1952 and 1953. Quite'
accidentally it was learned that these differed radically with
regard to hydrometeorological conditions--as well as with'regard
to the hydrobiological regime of the sea. This made-it possible
to make a comparison of the phenomena observed-in nature under
various conditions and to come to conclusions regarding those
conditions that are required for anchovy to.ensure the-"bes,t".
survival of the fry at the early stages of their developmerit.

The conclusions arrived at were compared with the results
of the experimental research that wascarried out during the
same period to determine the dates of the development of-the
embryos and to establish the optimal conditions of the temper-
ature and salt regimes that ensure the."greatest" survival of
the fry. A.S. Leshchinskaya,conducted this research in 1952.•...
Besides the results of this work, the data,by previous researchers
were also used.

In 1953, as a result of the experimental work by V.P.
Sornilovaj the age of the larval stages at the various stages
of development from the moment of hatching to an age of 7 days
was established. The further pace of the growth of the larvae
was established by the dynamics of the variation curves built on
the length of the larvae and then on fry that were caught every
day or within short intervals of time.

Simultaneously with the research indicatedg constant
observation was maintained with regards to the dynamics of the
stock of the breeders of anchovy and its agè and sex composition.
Depending on the "portsionnost" (perhaps "batches") in the
extrusion of roe, the..nature and size'of the eggs7 the number of
breeders, their fecundity, growth and belonging to one or t , he
other biological groups the effectiveness of the extrusion of roe
and the results of the survival of the year-class were also
studied. For this purpôse biôlogical analyses were made of



an .chovy.. caught 3si, pout7â^^te that vir^ re set close to the-places
frôm whi'ch the observations ^°ere. rriàde .. .-,As a rule fish from
tYi^ë' morning ' arid `.evé►^ing .aatqhe,s iiéie ane.lyzed o The composition
and thé..sizë of the a^^ . rage catches in the pound nets..during the
years ;uiider observation ihdicât^d . t^^.e d3.ff6rence in the
numériçal strèhg.th of the : stock. ^^^.e data o%tained were
checkéd ac^erd^.n;g to e:sti.rra°^e oi' ^,'rae rs^.ative size of the
stocks of ''ànch^ivy 9^r^i^ ch ^s de'texjzr^^e^aed in the fall during the
survey trip or voyagé .''The ^res^t^.ts of the effectiveness of the
reproduction were,.also. estirnated-.and cheeked aocor.ding to the
survey 'of the .ti:rïdPryea.rIing 'made dur.ïhg,this voyagé,

For a general description of' the, régime of the body, '.,of
wàter in 1952^1953 and in ^Jrev:i:ous, ye àrs for. which datà on the,
results of the reproduction of ahChovy e^ist9 sources in the
l.iteratuxe whieh deal with the,productivity..of the Sea of Azov
wére: uséd.o. -..Usé.wâs made alsb',di the hy.dromdteôrological data,
gathered^6n tlhë ba.si.s of dàily., ohseryatîeras. carried out by,the
statioxis ôf.,the 'yGidrometsluzhbaI', (HydY°oI meteorl6gical Service)
in the r.egiôti of, àur::w©ïrko ;

Furthermore, ari .â.nalysis was. ^rade of the. importance of
compétitive food r`el.ations w1th respect fo othér consumer.5 of
plankton' namely9 of adult fish as well as of their frye. '

. A review_ or consïdéxatioh. of allthé 'enumérâted factors
made i.t; possible for us to r égard the. ^,^es edreh carried out as
thorough and directed at .displosixzg• the. mein'leading factors.

An area .or region adjoining the Kazantip. peninsula in the
SW ,par,t of, the Azo,v Sea was çho:^en, for our. o^:servations o The
hydrologi.càl,'ând. hydr,ob^.o^.ogi.6al reginiip of this region does not
differ from,'the entire SW and V regs..on^ of the Az'ov Sea,., The
greât.. depths '10 11 mèter^ ) tha=t are c^h , àracteristic of the Azov
Sea proper- extend .alm, 6st right up to the northern an - d western
tips of the penirisula e According to the data of A oN o Smirnov
the main bulk or..hody of anchovy upon entering the Azov Sea

, procééds tô; the western half of it e` The main spawning. grounds.,
are to thé._.'SWW and WE.

The grèâèst. .plankto^i., p^^odu^°t^.oz:^ in the ,wôstern regions and
the. constancy ôf`.the hydrologicai regime or conditiohs create
normal conditions for ,thé f eeding and spavv,taing Of the anchovy o
The southern, the :: soixtheastèrn and central pàrts of the sea
are known for,the.iristahility of the.hydrological conditions of
the medium in . spriràg (I.ow oxygena•content in the la;^ers near the
bottem, and a, lowea^'' temperature of the weter) o The plankton
production of. thes e . régions . ^:s. lovuè^° tZiàn that of tYie . western
r.egioris o . Thus 9 the wes,terr^ rëgi^^.^^a^ of the.,seà to which the

..:région of the Kazsntip, peninsula belongs are more favorable for
'the feeding ànd ' spawning of 'anchovyo

I

According to the data by V.P. Kornilova concerning the
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distribution of adult anchovy, their fry, larvae and eggs one
can also assume that the southwestern and the western regiôns
are the most characteristic spawning grounds of the anchovy.
All these data provide a reason to'assume that the material
obtained suffices for a description of the. entire western part
of the sea. This was confirmed latër'on,wnen-a'cômparison of
the quantitative indicators of the Abuhdâwe:).fôr. 1952
and 1953 on the fall survey voyages was made.

The material was collected and the observations were
made at a distance of 1j miles from the shore, outside the
shallow Russkaya Bay, three quarters of which is protected
from the winds (where somewhat different hydrological conditions
than in the sea were observed).

The work was carried out under the direction of the author
together with V.P. Kornilova, a senior scientific co-worker
from Azcherniro, and N.K. Lukonina, E.I. Arsenyeva and E.G.
Petrova, a group of co-workers from VNIRO. G.N. Kurytsina and
L.N. Domanevski, students..at the "Mosrybvtuz" (solka sort of
"Fisheries Institute"Tr.), as well as M. Butlerowand N.
Chashina, students of the University of Perm, also participated
in this work.

The use of the survey or count of live and dead eggs to
determine the percentage of the survival of embryos should be
mentioned as one of the peculiarities of the methods used in
the processing of the material collected,

N.M... Knipovich also noted that:. ther:e-:are.^.,many dead eggs in
the roe of.,the Azov. anchovy (Elizarova- 'i...19361^^ In our catches
there wer.e::â.lways; without fail^ .d,ead-_eggs;::among thb live roe.
Th.é eggs had-.died. just shortly ^before--they:,1.wer.é caught. The
eggs that:..had died;;..earlier usualay^-do not -rémain suspended in
the water, and settle , on the bottotn : ôr-.^disintegtate.

Livé'i.eggs can easiLy be told fnomi+.d.eadj:.eggs., The latter
are characterized by a perfectly,tr-anspar.ent-=psrivitelline space.
A live embryo i s clearly^-:outlined-, ,is. of. a.;;regular form. In
dead eggs the embryo is deformed and. has::;the-appearance of a
wrinkled s:trip:.during . thé second stage"6.f :'development. During
the subseqûent stages the embry.o:'is better.developed. But its
outlines are vague, the entire.egg ' appears,to^be "cloudy"1Figûre 2).

At first it was a'ssumed that the :damage.:to the egg occurred
when it was being caught and fixed..:.But:special experiments
proved that, the egg perishes -while^ still;' in<..-t4e sea and that
no,mechanical damage i s -inflicted:: during;...fixing and catching.
The live and dead eggs were counted.-parallél^.:by using the live
and the f.ixed i material..:..::The har,i7,ontal;..:catching or fishing with
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a roe net was carried out -twice-.in one and the.'same place: One
haul of 5-minutes duration and the second one of.10-mitlütes
duration, The percentage of live eggs was the same in'both-
casese. Thereforé.the;3ncrease in•the time spent.in catching did
not cause- 'the; dèath`of more..: eggs.

All these data; ,point out that the pércentage ;of ,the dead
èggs is due to natural causes. 'Therefore, this indicator can
be used in determining the optimal conditions necessary for
the.survival_of embryos. ;

Thus, on the basis of the.percentage of the live eggs
contained in.tYiè sample;one,.can judge.the degree of survival
at . the,' gi`.ven stage of the-. development under one or the other
conditi.oxïs o

Si.milar..observations:- were,.conducted :also ,with regard to
the larvàe,. By;.know1ng the,_;time. for development of embryos
and larvaé' at ,the : given temperaturé.3,t ; was possible to wâtch
the 'developinent :or growth of each generation by the ntumber of
the'embrÿos that had sürvived-and-by the.corresponding grotip
of larvae:. de.pending upon their size and growth., The comparison
was mâdé . oh the basis. of the,numerical preponderance- of one - or
the:other groùp a,ccor.dirïg..to thé:stages Pf.development.

Having determined the age of each group in keeping with
the stages of.development it was possible to determine the
time whela these- larvae 'were ` hatched` and 9 'therefore ) also those
conditions.:. that "accompanied" thei.r.^.sur.vivaloand the development
of the, embryos .: . ' . .

In this .waÿ we esta,blished:.definite laws or,regülarities
,with regardto the distribution.:of the eggs and of the larvae
in, the sea .

As.statéd.abovesome,of the conclusions reached are based
upon expQrimantal:.-res.ear.ohq i.n,particular vuponi the determim-
tion of aptimal t.emperatures,,.at which the ^.survival of the
largest numb:er wa,s,ob.sérved and upon determining,the rate of
the growth_'.of :-the larvae:

Prior:.to describing the effectiveness of the spawning of
anchovy-the stock of the..breeders that.participated in the
spawning in 1952 and 19-53 should be.described-.

It is known that the Azov anchavy za a,typical marine
pelagic schooling fish which cannot survive a temperature below
6 degrees-. . The anchovy spend the. summer in the:. Azov Sea, where



they spawn and feed and'fatten.

In spring (in April.-May) the anchovy.every year perform
migrations through the Kerch str'aits from the Black Sea into
the Azov Sea. In the fall as the-temperature of the wateT
drops (in October-November, depending on the nature of the
fall cooling off) the anchovy return from the Sea of Azov to
the Black Sea ^

The life-span of the anchovy is brief: During the second
summer of their life, i.e., when one year old, the anchovy
reach sexual maturity and spawn. The main commercial ages are
2-,and 3-year olds. During the fourth year there are usually
individual specimens. But in the case of strong year-classes
the number of 4-year-olds in a stock is quite noticeable.

The anchovy occupy'an important place in the general cycle
of the organic substance in the Azov Sea. Seeing that
together with the "sardelle" they are the chief consumers of
plankton,the anchovy in turn represent an essential componenit
of the-f.ood.of-predatory fish (mainly of perch-pike, Lucioperca
sp.)e However,bearing in mind the small significancé of the
predators, especially of perch-pike, with regard to the total,
stocks of anchovy the loss inflicted upon the anchovy by this
fish is insignificant.

Replenishment and Remnant of the Total Stocks

The stocks of the Azov anchovy are subject to abrupt
fluctuations. These fluctuations are of short duration; but
their amplitude can be very large. The type of the dynamics of
the:numerical strength is determined by the rapid tempo of the
renewal of the stock or school. This is brought about by the
early maturing and the short life-cycle. The replenishment in
the composition of a spawning school of anchovy consists of one
ag.e-group--of year-olds that mature simultaneously. The signi-
ficance or importance of the replenishment is shown by the
curves of..the distribution of.anchovy'according to body-length
during their spring migrations from .the-Black Sea into the Azov
Sea (Figure 3).

The analysis of the age-composition of the spawning school
or stock of anchovy from 1946-1952 shows that the replenishment
comprises, on the average, 52,3% of the total numerical
strength of the school.

In.;most cases the replenishment is larger than the remnant.
Due to this feature,,the spawning population of thQ anchovy cans
be assigned to the second type on the basis of the determinat^i;c^n
given by G,N. Monastyrski. However, V.N. Mayski suggested as'ign-
ment or classification of the anchovy as the trans^tory type of
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spawning population, seeing that the predominance of the
remnant in the spawning^school of the'anchovy, in his view,
is very frequent and noticeable. Considerable fluctuations
1n,= ,the replenishmerit must be takeil intô' cônsïderàtion when
-estimating the size of the commercial stôck.or.school of
anchovÿ., The total stocks of 'the Azov anchovy in 1952- and 1953
were relativelÿ small, in `pârticula:r in 1953- The year-class
of 1950^ the` strength of `which by 1953 was already considerably
reducedi,was'-ef'^primârÿ'impôrtance*during this period., The
next two year-classes (1951 and 1952) were "weak". In connection
with this, the stocks in 1953.wexe exceptionally poor.,.This
wa'salsorf^'

As pointed out (see Table T) the hârvest in 1953 comprised;.
124% of the harvest of 1932 and in .1952--175% ,' .^rhereas in 1951.
the harvest reach'ed ,245% (tYie basis _ of ,this "harvest `.or catch'
was provided by the s.troxig' ÿear-class of 1950, whi,ch had Just
entered the commèrcial stock)®' -The.replenishntent in
1952 was particularly poor for the last 5 years (27,2%), which
could not but affect the decrease of the catch in 1953.

The `dynâmics of the re'ple'nishment' and of the remnant in
the stocks of anchovy in recent years are represented also on
the basis.of the data of the fall survey voyages conducted by
Azcherniro_(perhaps: Azov and.-Black Seas Institute of
Fisheries'and Oceanography Tr.)

Years

1950
1951,

.1952-
1953

.Stocks. in thousands. . o.f centners

of fry , of large fish

550 260
220 , . 4000
250 . . 2250
500. 800

The stocks of anchôvy in 1953 were' reduced--in comparison
with 1952--by almost one half. The numbers of large anchovy,
i.e.,.-the breeders, were aliriost^three times smaller.,

Th'e' commercial catches of-the Mysovskaya.MRS (fishing
station;? in the area of the Kazant3;p peninsula )7'made with one
and the -samé number of'gill,nets,.indicate the reductiori'in the
strength of the anchovy in 1953 in comparison with 1952,
namely (in centners):

lE1952

May 4225 1628
June 7572,14 2 57,23
July 1017,5 75,0
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Growth of Adu1t. Anchovy,.
ç r

The anchovy us,e .the entire Azov Sea for the "iiagul" -(feeding )
and,a considerable;.part.of ;the Taganrog bay. When

comparing the -Jmaps of the distribution " or occurrence ôf ânchovy on
the basis.of the July survey of,the Azov Sea.it was established in
1952 and 1953 that.the. anchovy are scattered over the'entire.sea
and that individual accumulations were due.to"the concentrations of
food organisms.::.

In_ view of,,, the. -availability .of fa large^ fes.di.ng.: area and the
great plasticity in selecting the food ,. the_: rate. of the
growth of.the anchovy changes very little over the years. But in
the case,.ôf yearlings the :'differences in the growth are more.,pro-
nounced.' Thus,..aceording to the data by V.P. Kornilova, the
increaseln the length"and the weight of the body is.eapressed, on
the*av.erage,, by the following figurés (1948-1952).

Increase

.body-length in mm in weight in 1Z

Yearlings 59,1 2,0
2-year olds 22,0 3,6
3-year olds 7,0 l,0

The most rapid growth of the anchovy occurs in the first summer;
but the maximal increase in the weight occurs during the second year
of their life. In the third year the rate of growth and the increase
in body-weight are radically reduced.

During the feeding or fattening period the anchovy grow most
rapidly in June And July. It was found that the anchovy in the fall
samples, on the average, had a shorter body-length and weighed less.
V.P. Kornilova explains this by saying that the heavier anchovy.had
already passed through the straits into the Black Sea and that the
skinny fish continued their feeding in the Azov Sea..,

The largest increase in %fhe growth of all the age-groups was
observed in 1952 and partly in-1949 and in 1951 and the smallest--
in 1950 and 1953. Thus in the year-1953 the conditions.for the
growth of the anchovy were less favorable than in1952. This, is
also reflected,in`the data on the condition-of.the anchovy iti
Table II. . . .



l,7:22 2,7 3,7 4,7 5,5 6,3 	7,0 7,8 	8,4 
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Average weight of anchovy according to size in g 
(according to data of V.P. Kornilova). 

Year 	 Size of Anchovy'in mm  _ 

-  75'- 80.-  85 - .50 95 100 - l0  - 110  
1952; .. 	:.' 	. 2 ' • 	--.. 	: 	: :,..., 	.. 	. , 	• 	. 	. 
August , 	, 1,6. -  2:,,'2, 5r 3,2 A-a .-5,5,:r6,3 .6 1 7 	7,8 .8,7 	9,1 
1953 	: -  
August 	.... , i1,3, 

The same interelationà-betWeen thelehgerand thé weightee 
the 	 ve ere obs anchovy.  werd during the other months.. . 	. 	, 	. 	... 	_ 	. 	 • 	, 

On the basis Of.the data on 'the body-length of the.anchovies 
during the period of their  reproduction one can judge about the 
biological characteriStids of the breeders' that had spawned in the 
region'of'our'observatiohs. Thus on Figure 4 the growth  of the 
yearlings and of the 2-yeàr olds of the anchovy from June 1 to July 
20, 1952,is shown. This curve shows that the initial rapid growth 
of the fish stopped or slowed down in the latter part of June. 
Later an it was eve "reduced". Such a phenomenon can be explained 
by the approach of a groupof breeders--of smaller sizes than the 
previous--to the spawning grounds. 	 ' 

Conditions for Spawning, Fecundity 
and the "Portàionnost" (batches) of the Egg-Extrusion , 

, 	 . 
The conditions for the spawning of the anchovy in the Azov Sea 

are very unstable. In connection with this,one of the adaptive 
peculiarities of the, anchovy to conserve or protect their numbers is 
the drawn out spawning period and the "portsionnost" of the egg-
extrusion. Chugunova and Petrova (two women Tr.) also noted that 
the "portsionnost" of the reproduction makes the latter more 
successfulseeing that thé "accidental death" of one batch of 
extruded roe is coniPensated by other batches. In the case of batch-
spawning the fecundity of, the fish is increased in comparison with 
fish of the same sizes that have only one extrusion of eggs. In 
the case of gradual,hatching the food or feeding of the larvae is 
better safeguarded. 

The Azov Sea ,anchovY, in qomParison with the Black Sea 	, 
anchovy, according to the same data,, display a greater fecundity. 
Thus the average fecundity of an Azov, Sea, anchovy measuring 9-10 cm 
is "comprised" of 21,000 eggs and a Black Sea anchovy of the same 
length will produce 18,600 eggs. 

, , 	 . 
According to the data by V.P. Kornilova the average fecundity 

of the Azov Sea anchovy 9 to 10 cm long in 1952-1953 "comprised" 

Table' 11, 

and 
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17y100-13y600,eggs9 i.e., it hardly 'd3.ffered from the fecüzldity.
of the anchovy in the BlackSéa. The "feeding" time 'in the Azov
Sea is shorter than in the Black Séq. In view of,tYiisChugunovâ
and Petrova assume that the extrusion-of the first batch of eggs
in the Azov Sea must bs, esrlier-a.nd more -abundant..

The 2-year olds and the 3-yeax,vldsy the older age-groups
are the first to spawn. The recruit spawners enter the spawning
not before June. In.the years whenthe spring.is early and warm
the spawning begins in the first l0-caay period of May and cômes
to;an end in the latter part of July. In the years when the '
spring is late or drawn put and cold the spawning does not begin
before June and is continued till the-end of August.

The spring in 1952 was drawn out and'cold$ whereas in 1953
the spring was early and warm. Depending upon this the spawning
of the.anohovy in.1 ^52 in the,sputhern part of the Azov Sea"-begân
during the third 10-day period in :May - and" was ; finished " in August :.
The larvae did not. appear till about, the 9th .Jtune. This ,indicated
that.the beginning-;.of the spawning was of little effect.

Mas's-spawriing wâs observed,.during the days of June" in 1953.
The anchovy that cômprised.the recruit spawners began to spawn
during the s éç©nd,;10-day, per.iod 'in June. At the time when 'they .
extruded their first batch of eggs the_oldér.speciméns were already.
extruding the second batch. The mass-extrusion of the'second batch
toc place in the second half of June. According to the data by
V.P. Kornilova the second.batch cnntainsconsiderably fewer eggs.
The aeight of the:.gonads at-this time comprises only up to 16-20%
of the weight of the body. The tri^rd b4tch was extruded in the
early part of the second half of July. This batch contains the
smallest number,of eggs.

In-1952 theolder specimens began to extrude-the first batch
10-14.days later than usually. The second batch was éxtruded
during the period from June 26 to J'a1y 19 and the third batch--
from July 19 'till' the end-"of the mohth. The mass-spawning in the
western part of the sea was finished by the'^end'of Julyq whereas
in the eastern part of the'sea the'spawn3,ng continued^ during the
first and seccihd 10^-day periods in August.

It shoûld,be said'that the dates of the extrusion of the three
separate batches are not delimited or marked. They show only the
main periods of the extrusion of one or the other batch. According
to the datâ'^'by l:I'. -Korrzilova and fx.aN. Kuritsyna 2 who examined the
size-coznposition of the ovocytés *of 3-year olds the extrusion of
roé cari occür foûr times and`even oftener.

Furthermore, another peculiarity has.been noted regarding
the dates of the extrusion of roe: Due to the more intensive
warming up-of the water in -June as observed in 1953,the dates or



the intervals .,between-éach bàtch were :shorténed and occurred
earlier tha-n- under-: -othe-r- (diffe-rent ) conditions, .

These' qualities..of the spawning.stock of the.anchovÿ- ensure
the high.reproductive.capacity-,of this fish.which makes it possible
even.during.the years.with..unfavorable conditions for the survival
of ^the fry:tormaintain:a relatively high numerical strength in
the population..

Differences in thé Composition
of the ,Populations ,in 1952 and in 1953

Our observations with regard to the composition of the breeders
were.::made.of-aitogether different--with.regard to.biological-
qualities And numerical strength-^popûlations'.,'the spawning of which
occurred also under various conditions. Thus the spawning popu-
lation of t. , ançhovy in 1953, as. already m.eritioned, , was considerably
less; in, numbers - thân. :iri 1952. The older age grbups; (the remnant)
predom3.natèd . in their :compositiôn... The - growth of the anchovy this
year; was . considérably. poorer, 'the. spâ.vning, occurred at earlier.
date s to.which the dâtes.of the extrusion of the separate batches
corrèspondèd1 etr

stùdy of^.,thè, Cohditi&ns that..determine{^the- Survival
of-the Embryô's of; the :Azov Anchovy . .

required by the lfry^.:of ancho^ry for the' "b.est" .:suriri^ral the abiotic
and-b3.otic factors in their.diréct interrelation._were analyzed. We
studied the conditions of the sa1t, temperaturé and gas regime of
the sea,.the physical effect of the heaving or swell of.the sea,
illumiria'tiônj I the supply of food for the, larvaè,during the early
stages of dévélopment,.the:importance of predators and so forth.

; ... .-. . . , _ .

-Salinity

-The.Azov.anchovy,thrive.when the:salinity ranges from.,9 to
194 The experimental. work -of T..E. Mor.ozova and of N.M. Karakash
showed :,that:-,the: Azov anchovy,can: reproduce, when ,the salinity variés
from 10 to 17%.

Seventy.-75% of thé hatched- lar.vae developed normally. in the
water of _the:. Kerch straits. A. salinity of 11.7 to ll*.9%o i s.most
suitable,fot the,-.development,of the eggs.and the larvae that were
hatched.

According to,:the data by Leshchinskaya â salinity of 14 to 19%v
is the, optimah ,one,,for the . fertilization. and development of .the
eggs of the Azov anchovy. The larvae "lived i n these salinities"
until the resorption of the ydlk sac. Thus, the proposed i ncrease

In:-order .toï:°stüdy: the .:most favorabl.e°conditio^ts that are
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in the salinity of the-Azov Sea willnot affect the conditions
for the reproduction of anchovy adversely. This question is
treated or discussed in the work by V.P. Kornilova. It should be
said that the changes in-the contemporary salt regime in the
southern part of the sea are insignificant and have no effect
upon the fluctuations in the numerical strength of separate year-
classes. The changes ,in the salinity_were registered by us only
for the purpose of determining the direction of the currents
around the Kazantip peninsula; for with the change of the wind to
the SE point of the compass the Black Sea current became of
primary importance. This current brought with it waters with a
greater salinity (Figure 5). This raises or increases the salinity.
by about 095%o.

A survey of the'direction 'of the.currents, was ;necessary in
order to determine the drift of the larvae.

The differences in the salinity of the waters on the surfaçet
in between, and near the bottom were-insignificant in view of the
small.depth (9-11 m).and there was intermixing of the waters from
top to bottom when heavy winds blew. This circumstance also made
it possible not 'to stop at the salinity in this and not to regard
it as the decisive factor upon which the survival of the fry
depends since the existing fluctuations ip the salinity correspond
to the level,of the development of the arichovy.On1y in the case

,,.,of a radical and persistent change in the salt regime can the total
numerical strength of the anchovy-populations:change.'

The Température Factor

Among the many factors that affect the°dévelopment of the
anchovy the temperature is of importance; fôr"it-s-effect i s mani-
fested either directly or indirectly.

A .N. Smirnov already came to the conclusion that a high
temperature of the water in June had a benef^^:`oiâl, effect upon the
survival of the eggs and the larvae of the ajtïehnW. T.E. Morozova
studied the effect of the temperature upon the development of the
eggs and the larvaé of anchovy. Experiments'-showed that a drop in
the temperature brought about a,sharp' prolong'itriôh of the incu-
bation period. If at a temperature of 22° theld`évelopment lasted
31 to 34 hours the incubation period at a temperature of 17° was
prolonged to 57`houra. A température of 16° stretched the period
to 68 hours, In this case the mortality of eggs and larvae
reached as high as 52%. S.G. Kryzhanovski, N.N. Disler and E.N.
Smirnova attach much importance to the effect of a lowered
temperature upon the development of the embryo. According to their
data, embryos of perch usually reproduced at a temperature of
10 to 15° when placed inwater that is cooled to a temperature
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.. 	.. . 	 . . 	 . , 	 . ._ 
of 3ô and then'returned to the normal temperature yielded abnormal , 	 . forms which .pérished. -,. 	_ .,, . 	;.: 	_ 	= 	-. . 

Privarmev observes that.dmring,the,formation-period. 
the'embryo_isparticularly:sensitivewith regard to  température. 
When the temperature-is-lowered the môrtalityraté.of the.ege 
readhes 	The. ,eemaining-10.to 15%»produce e -  in - most - caséSe 
misshapen. embryosthe .development of whiche. usually, does not 
reach the stage of  hatching. 

Ale laverefeered.here.only to a-small,:paet of all the works 
that'aredeVoted to this-questidh. .Butit.suffices to convince 	- 
one to_regardthe:study-..of the,,influence:or effect of-the 	- • - 
temperatue&upon the .surVival:of the émbryos_as a matter of primary 
importance'. 

• 	 ," 	 , 	 _ 
We used the classification-by,T.S.Rassaaceording to -which 

there , are-four stages of 'developmentin the-eggstage to deteemine-
the ,- development  stages'  of the -anchovy„ -First.stagethe "breaking 
down" of.theMlastomereS:and:thellovergrowing" , of the' yolk With the 
embeyoniè. layer !or:Shield(?).. The second..stage-is the stage of 
the embryonic:shield. :At this time the , eyesaee:fOrmed as well  as: 
thetall-bud. , Towards theYend•of this stage the tail beginsto 
separate from the'.yolk._ At the stagé where the:tail-separatedthe 
heart is formed and it bégins to -pulsate or beat. The third stage . 

stagebftheunfoemed - embryo after the -heart has started to 
ptlsate. 'The-fourthstag.e.is  the' stage Of the,formed 'embryo when 	. 
the final differentiation ofall the orgahS oftheembryo takes 
place., 	. .  _ 	, . 	 • 

Table lia  shows the duratiOn of the émbryonic,development of 
the AZoy anchôVy at diffeeeht tempèratureà '(àccordingto the data 
byLeshchihskaya). , 	. 

Table Ha. Duration of the embeyonic development of the anchovy 
. 	 in hours:and minuteà at various temperatures. - 

First' 	 4.05 ' 	3.50 : 	3.40 	3,00 	2.10 
Second ..- ' 	13.30 	13.30 	13.00. 	12.00 	12.00 
Third ', , 	' 	30.00 . 	28.00 	27.00 -_ 	26.00 	24.00 
Fourth 	 40.00 , 39e90 -:.: ' 38.00:: 	. 	36.00 	34.00 
Pre-larvalstage . 110.00 	107.90, , 101.00 : 	95.00 	80.00 
Larval-  stage 	120.00. 	115.00 s 	110.00 	108.00 	95.00 

- 
The developMent of the eggs  and of the larVaé,of the Azov 

anchovytakesplace at:a temperatute:of 18to . .269. A temperature 
of.the water from,22 e 5 to 24°'represents the optimal; conditions 
toefertiliZatiOnand - dévelopment. .At.this teffiperature -e 

 Leshchinskaya points oute  the largest percentage of surviving 
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embryos and of larvae is observed under experimental conditions.

The anchovy spawn during the evening hours. At the beginiaing
of the spawning period the eggs are extruded at an earlier hour of
the day than in the middle:and at the endof'the period. Thus in
the middle of Juney 1953, at 2200,hôurs-the sample contained eggs
that had just been extruded.(in the breakingaup stage) and in
the stage of the unformed embryo. In the first half of July at
the same hour only eggs in the third stage were encountered. The
eggs in the samples taken from 1 to 3 o'clock in the morning were
in the breaking-up stage. However, these data are based upon
separate or isolated observations and are regarded as tentative.
There is a difference of opinion on the.question of the nature of
the distribution of the eggs in the entire layer of the.water.
A.-N. Smirnov and S.S. Elizarova find that the'largest number of
eggs is encountered in the upper layers. Malyatskiq on the other
hand7 maintains that the largest number of eggS occur at a depth
of 5 meters. Our observations.showed that the,distribution of the
eggs inthe entire.lay.er of water depends,upQn many factors9 among
other things7 uponthe velocity and the direction:.'of the wind and
the development-stage. In calm weather:the.spawning is more
intensive in the upper layers of the water. This affects also the
distribution of the roe; In calm weather there are more eggs in
the surface layers; but when there is a swell of 3 to 4 points.there
are more eggs iri^the lower layers.

The data on the distribution of.the eggs and the larvae of the
anchovy in the water according to the results of the research in
1952 are shown on Table III.

Table III. The vertical distribution of the eggs of the anchovy
depending upon the wind (according to the data by
Domanevski).

No. Date Swell
of of haul in
Stat. (1952) ^_ Points

No. of eggs in 10 min.. Ratio of the No.of eggs

0-1 m

in the upper layers
of fishing at depths. to the No. of eggs in

M. the lower layers in %

4 4/VI 0-1 7 520 .2 420, 31^5
5 4/VI 0-1 2 224 1 440 64y8
6 4/VI 0-1 2 700 1 040 38,7

18 16/V1 5-7 972 4 432 44410
19 16/vI 3-4 9 968. 10 128 101,0
20 16/VI 1-2 12 484 8 260 66,0
38 14/VII 4 1 060 2 884 27410
39 14/VII 4 2 108 4 270 20290
40 14/VI I 4 532 1 37:6 248 j0

L.N. Domanevski observes that.the difference in the distri-
bution of the number of eggs at station No.. 18:was especially
indicative; for the observation or survey:::was.:,made when there was
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a hea^,g.swell:,. whereas station No, 20 is located in A relatively
'sheltered place beyond the peninsnlâ. At the first station more
. eggs were encountered in the lower layers of water than in the
upper layer.s. At the second sta^ion it was.the opposite. Hence,
one. may conclude that in calm weather the spawning is more intense
in the.upper layers and in windy weather (a swell up to.4-5 points)
,it is more intense in the lower layers of the water. When a high
wind'blôwsfor a long time from the same direction the intensity
of spawning `drôps 'rapidly.

It.is possible that this is also related to a drop in the
temperature which is always observed in these cases. A drop-in
the temperature can cause the death of the embryos and delay the
spawning_. 'WYièn calm weather sets in and the water,warms up the
quantity of the eggs and of the planktonic organisms increases
rapidly.

It was also possible in 1953 to trace the dependence of the
distribution of live eggs and the intensity of the spawning on the
condition or'state of the sea, the force and direction of the,
wind (Table IV).

These data show that in the case of steady but light winds
(9/VI) the largest number of eggs was encountered in the surface
layers. OhJyhalf as many eggs were present ata depth of 4 to '5
meters, but the survival was the same. The next day (10/VI) when
a 4-point wind was blowing the amount of eggs in the surface layer
was only half as large. During the next period of steady light
wind,s (19/VI) the eggs of the anchovy were distributed more or less
evenlÿ.in the surface and intermediate layers of the water.-

The following observation confirms the view that the distri-
bution of the eggs depends upon the swell: At two "stations made
on June.27, 1953, as well as in 1952" in a sheltered zone the eggs
were'' distributed' etrenly. But in the region to the north of the
penirisula where the swell after the storm had not yet.subsided there
were one-thir.d as many.eggs in the surface layers as there were at
a depth of 4 to 5 meters. There were also considerably fewer live
eggs on the surface. This could have been due to the rather higYi
temperature at'that time.-



Tele IV. 

Date of 
Research  
Fishing 
depth in 

Distribution of the eggs (at the embryçforming - stage) 
-,(altd -thelarvae in June9 1953»  (Horizontal  fishing, 
was'carried out with a roe-net for ,10 #nutes during 

_the second 1mM...of thp  
' 9/V1 	 • 10/V1 

4-5' 	0 	4-5 0 4_51 0? 

27/V1 

3893 3790 

Quantity 
of' eggs 

• 
% . of live 
éggs •. 

4,2 	13,1 	12 9 9 	6,5 	7,7  39 6 1.0 

38 9 5 6596 	6,5 9 0 	65,7 669 6 13,8 51 

—  8,1 6,7 591 	6,e3 

24 	72 	88 	490 1352 4440 292 360 

23,3 	2491 24 94 24à 249 7  23,6  269 5 24,4 

20 - 

meters  
Strength &•- 
direction 	slight changes 
of wind 	in the wine.e 

1-2 	Calm after a heavy 
4 Points Points NE wind Jude  

Quantity 
of larvae 

• 
TeMP.- Of water 
in degrees 	2393 

02 - content 	5,8. 	6 9 2 

1To the west of the peninsula 

2To the north of the.peninaula 

At the earlier'stages of deve1opment. 9 .i.e, during the period 
when the yolk is being 'overgrown with'the'embryonic shield (9-12 
olclock in the morning) the eggs concentrate more in the surface 
layers than in:the.intermediate layers  (Table).  NOV/ever, there 
are more live eggs as well as larvae at a degh of 4 to 5 Meters, 
at this stage of the development y  than on the surface'. Towards the 
afternoon or "second half of the day" the percentaée of live eggs 
increases relatively; for the.mortality rate of the embryos at the 
earlier stages of development is considerably higher than in the 
subsequent stages. At the moment when the embryo breaks through 
the membrane of the eggs there remain about 20 to 25% of all the 
eggs caught during the morning hours. In 1952 9  according to the 
figures by L. Domanevski, there remained only about 10%. 

These indicators do not remain steady.or stable for the 
entire period of the development. The differences in them should 
indicate which conditions are most conducive to the survival of 
the largest number of embryos. 



Table .T. Distributioxi and quantity of larvâe and'. of eggs at the -- y
stage when the yQlk is being overgrown with the embryonic
shield (1953).

Date of
Research
Depth in
Me ers

Force and
d,irection .
of wind

Quahtity;^,
of eggs in

8/VI

0, 0

16/VI 17/VI _ 17/ VI

4_5 01 4.m51 02 4_52

thousarid-s . ' ,I. 35, 0

% of live
eggs- ". ., : 1,2

Slight changes in Wind

6/vii.

4-5 0 4-5

7,0 28,3 17,3 57,5 26,1 29,5 5,2 0,6 1,4 0,5 7,6

316,,_: 8,7 41;5 1,0 18,9 2010 29,0 0,7 1,2 0 0,9

Quantity
6 f_:, larvae :575 3000;,:_.?-72,'.:1608 40 1600 144 '532 588 345 28 104

Témp::ôf;:._water;:; :: .
' ..

in degrees .21 21 23.i5 23,6 23,4 22,8-.24.14 24,4 22,6 22,8 24,0 23,6

content 5,7 '5,7 5,3 6,3 5.,9 6,2 5,9* 5?8 5i2 5,5

,fio't=the:%^ north':.of the<-penirisula `

AToiAhé.west: of the peninsula

A summax-y..^.o-f---a33 the .mai^e^ia1': shca^ed -t-ha-t:.-there <éxlsts a
definite r-e3.-a,tiort- betw-éen^• t^hé^--ék^x^g-es-'in :the^^temperaturë ^r.egime and
the quantity of the live embryos.' Figurë"6"showsthe schematic
distribution of the live and the-dead eggs at the various.stages of
development (at various hours of the day and the n3,ght) and under
various temperature conditions on the surface of the sea;,and in the
layer of the water. .

Only those samples that were taken at a temperature of 22 to
24°-pfor the^largest percentage of live embryos corresponds to them--
are mentioned in the chart. However, the general amplitude of the
temperature level at which the development of the anchovy is
possible equals 15 to 260.

R.M.-Pavlovskaya also points out that a water temperature of
20 to 24° is the most suitable for the development,and survival of
the eggs- of the Black Sea anchovy.

2/ViI

°However, even within the range of 22 to 24 regular-..changes
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are observed in the qqantity of live embryos, dependerit'upôn the
greater or. lesser warming up of the waterso This leads us to
believe that there exists a direct relationship between these factors,
This relationship is understood as an adaptation of the anchovy-^-.,...,
in their development--to a certain temperature level.

The chart on Figure 6 shows thatt 1) At a lower temperature
at one and the same stage of development the percentage of live
eggs is several times less than at a temperature of 23 to 24°.
2) During the second stage of the development the quantity of the
eggs is larger than in the hours that follow9 but the percentage
of live eggs is smaller. 3) The layer of water from top to bottpm
contains more eggs than the surface of the water.

On the basis of the data obtained a curve of the survival of
the embryos was constructed relative to the stages of development
during a 24-hour period at an optimal temperature of 23 to 24°
(Figure 7).

This éurve shows that the mortality rate of eggs at the early'
stages is quite considerable. Towards the transition to the
gastrulation-stage the curve rises again somewhat. The mortality
rate of the embryos is drastically reduced at the third stage and,,,
prior to breaking through the membrane it reaches 10 to 12% . These
data show-the relative sensitivity of the embryo at various stages,
of developmént to the temperature that is most conducive to the
survival of the eggs. Figure 8 also indicates, the effect of the
temperature factor upon the mortality rate of the embryos giving
the number of embryos that perished at the stages of gastrulation
and embryo formation under various temperature conditions that.were
encountered during the observation-period in 1953. This curve
shows the direct relationship between the temperature and the
percentage of the eggs that had perishedo However, at a temperature
of 25 to 2.6° the number of live eggs goes down sharply. These data,
that were obtained directly on the,sea^ confirm the conclusions or
deducti.ons on the basis of the experimental work about the most

-,temperatüre conditions that are necessary for the develop-.favorable'
ment of the anchovy, embryo.

In 1953 the peak of the spawning was reached in the. middle of
June. This is confirmed by the largest quantity of eggs.extruded
during the second to fourth 5mday periods in June (Table 6).

The data of Table 6 show that the survival rate of the embryQs
at varying tempe-raturé conditions during the second and the fourth
5-day period in June when the quantity of the extruded roe was
about the same is considerably higher at a higher temperature..

Thus the extent to which the water.is warmed determines the
intensity, dates and effectiveness of the spawning. The spawning
usually begins when the temperature of thewater is 15°; but in
that case no pre-larvae and larvae are encountered in the catches with
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a roe-net for a long time. This is explained.by thé prcvalence. Qf
low temperatures, at which a minimal quantity of'*enibryos, perhaps
no,t fertilized (as,pointed out by S.G.' Kryzhanovski) and r&pidly
perishing.,is produced.` During this pèriod'there'are,no rbsults from
the spawning. This happened-in 1952 duririg the second 5=day period
in June. In 1953, however, the spawning had already reached its
peak at this time.

Table VI. Average quantity of eggs by thousands during a
10-minute haul with'a roe-net.., . - .

Degth Time when .
.

, . .
ôf_ tow catch 5-day periods- ih June, 5-dà^ per.iàds in Jul,y
in metats was. made- 2 1 4 6 "-Z ' 2 3

0-1
4-5
0-14=5.

9-12 - 35,0 -- 37 , 7, -^ 0-,6 0, 5
9-12 2770, ^- 26,1 -- 1,4 7,6

17-21 7,4 4,2_ 130'590 5,1 2,6.

The live eggs among - them.in-

17-2T. .7. 399, I2., 9 9,2

0-1 9-12
4-5 9-12
0-1 17-21
4-5 17-21

Mean temperature
of water '

1,2 -- . 9,9 ^.^ 0,7 0,0
396 --__: 1899 - -- 112 . 0,9

37,2 38,3 6595 40,3 44,3 58,0
3896 -- -65,0.. ..158,7 J_

0,1.

66,0

in degrees 21,0 - 23,6 -24•^'4 -^- 22,6 24,0

The Importance of the,.Gas Regime

_ The.temperâture of'the watex is of decisive iïriportance at the
beginning of the spawning. But later.on, after the tempex^ature has
reached-the optimal level the oxygen content of the water exerts a
relatively stronger influence upon the survival of the embryos.

The content and distribution of oxygen in the water of the Azov
Sea results from the interaction of a number of various factors.
For this. r:eason the oxygen content in the Water,, of the Azov Sea
belongs to the most unstable hydrological elements. According to
the data by E.G. Vinogradova the oxygen content ranges from a high
degree of over saturation to traces of it (or it is lacking r,
altogether). The vertical distribution of oxygen may be fairly
uniform or characterized by a sharply pronounced stratification,
especially in summer during the blooming of the phytoplankton.

F.D. Mordukai-Boltovski observes that regardléss of the extreme
shallowness of the sea and the 14,eavy intermixing of the waters

}



caused by winds, the gas regime of the "éea- is--extremé]:y'unfavdrable.
Each storm above 6 to 7 points saturates the enti:ré layer of wâter
with oxygen. But during-- the- summer, moxiths- thé- conSumptiôn- of Qxyge4;-
is so rapid and so "energet3:c" that a= few d&ys aîté-r a-- storm thé
oxygen.in the 1â,yers of the water'near'the bottôm begins to disappear
again. At the same time, at the ,urface.there mây be an over-
saturation of the water'wi.th oxygen due to the blooming of the
phytoplankton.

The influence of the blooming upon the gas regime of'thé sea-
can vary depending upon the hydrometeorologi-cal- conditions which
are the most important factor with regard to the oxygen,regime-of
the sea. It has been established that there "is'no connéction
between the Don (in general of rivers) River run offl,the_
phytoplankton and the oxygen regime. Neither is there any
connection between the run off and the severity of the mortality of
fish due to the lack of oxygen.

The oxygen regime is related directly to the wind regime.
Thus E.G. Vinogradova cites the following data on the veldcity or
force of the wind--in points--over the Azov Sea in July in 1952 and
1953 (in % from the total number of observations):

Points -

Year 0P1-2 3-4 and above

1952 38 60
1953 26 74

According to her data the lowest values of oxygen sa.turation
in the surface layers of the waters of the Azov Sea were observed
in the summer of 1952.

Below follow the data about the number.of cases when the water
di the Azov Sea was saturated with oxygen (in'%).

Oxygen saturation 1951 1952 1953

150-120 42 7 2
120P100 37 1^ 36
104j 90 21 75 62

According to..our data the.oxygen.content in-the water in 1953
was also higher than in 1952. Furthermore9 the bottom layers
(4-5 meters) contained more oxygen than the surface layers. However,
in these layers a relatively large quantity of larvae and of live
embryos was observed.

S.G. Kryzhanovski points out that the eggs of all pelagic fish
are usually lacking pigment and when there is a lack of oxygen they
usually die earlier than the demersal eggso The eggs of the
anchovy are also transparent and also lack the pigment.- This indi-
cates good respiratory conditions and a small'oxygen consumption.



HoWever, there is an enOrMOuS-amcitnt of - embrYds:in. the se -a,whiéh't  
tOgéther with other brgahismS needs oxyeen- for ite dévelopMent:. - 
Thus.the total.need for consmption of oXygen is:cOnsiderable and 
the oceurring fluctuations in the content of dissOlVedoxygen:affect: 
the survival of the embryos. Thus, with  one and the same:temperaturé e  
the largest quantity of live embryos or larvae Was encountered in 
the layers that had an increased oxygen content. 

The largest quantity of live effibryos - and'larvae is uâtially 
observed during the period of an intensive Warming - Up of the 
waters after proloneed and heavy winds, whidh enrie all the layers 
of the water with oxygen. In 195Z such peridds oceirred frôffi mây 
3 0  to June 2, on June 9 to 12,.Z3 and 25 to,27. These dates were 
tharacteriZed by the largest number of surviiiing fry. 

About the Effect of Light ' 
Uboh the Surviel of the Embryos 

A.S. Leshchinskaya assumes that the largest loss in eggs is en-
countered in bright sunny weather. In murky weather the survival 
of the embryos takes an upward swing. 

Our observations with regard to the development of the embryos 
of the anchovy in the sea failed to confirm this. On bright sunny 
days we observed cases of heavy and light losses of roe. However, 
if the warming of the water--heightened by bright sunlight exceeded 
the temperature that is optimal for the development of the anchovy, 
i.e., if it reaches 260 , then the loss of eggs increased. 

L.N. Domanevski, in his work in 1952, also failed to establish 
a direct relation between the intensity of solar illumination and the 
number of surviving eggs. According to his data the loss of eggs 	u 
under unfavorable conditions was the same on murky as well as on 
sunny days. The conclusions at which A.S. Leshchinskaya arrived with 
regard to the higher mortality rate of anchovy embryos in sunlight 
are not confirmed or supported when the data used by the author are 
analyzed more closely. Thus, the relationship between the percentage 
of the live eggs and the cloudy weather has not been established. 
The reduction of the percentage of the live roe in the middle of 
July is connected with the fact that the spawning comes to an end 
at this time. This is confirmed by the fact that on cloudy days 
towards the end of July the survival of the embryos did not increase. 
The peak of the spawning occurred in June when the fate of the year-
class was also decided. However, A.S. Leshchinskaya did not conduct 
similar observations at this time. Furthermore, the material was 
collected in a "half-closedn bay, where the absence of swells was 
conducive to an increase in the percentage of live eggs. Therefore, 
on the basis of this materialione cannot judge the region as a whole. 

At the same time it is known that the development of the eggs 
of the Salmonidae, which occurs in the bottomj proceeds better in the 
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dark. Light has a retarding effect upon thè deVelopmânt of thëir-
roe. On the other-hand' pelagic eggs devélop more successfullÿ-in
the light and the cutting but of light leads to a retardation in
their development.

A Comparison of the Numerical Strength
of Live ]Ern.bryos in 1952 and in 1953

On the basis of observations it was established that in 1953
the percentage of the surviving embryos was considerably higher
than in 1952. This also explains the fact that the relative
number of eggs per unit of catch in 1953.was usually larger than
in 1952, regardless of the fact that the numbers of the breeders
and subsequently, the actually extruded roe in 1952 were four times
larg er .

Table 7 carries the comparative data on the quantity of the
extruded and the live , egg s in 1952 and* 1953.

Tablé VII. Average number of eggscaught during 10-minutes of
fishing with a roe net during the entir.e`-`.©^Vs,ervation
period.

Number of 4ggs in thousands
Hflurs ,whefi Depths at vahich mong: he live
the catch catch was made
was made in meters 1 2

9-12
9-12

17-20
21-22

0-1

ô5
0-1

11,0
52,0

5,^2 -- 62.0

- TOTAL . . . 5,5 1094 22a7

The Importance of Biotic Factors
On the Survival of the Embryos and Larvae of the Ahchovy

38,5

When surveying the conditions or circumstances,that determine .
the amount or size of the surviving embryos only the abiotic factors,
which- are of basic importance, were studied. The r.ole. .of the
biotic factors with regard to the mortality of.thé embryos of the
Azov anchovy is insignificant, so it seemso In the.ma.in spawning
area9 i.e., in the central, western and southern parts of the Azov
Sea, where the roe of the anchovy predominate, other fish hardly
ever spawn. On the other hand, the s.dult anchovy feed upon the
larvae to an amount that is directly proportional tô their numbers.
In years with the largest amount of larvae their numbérs in the
stomachs of adult anchovy' according to thé data by V.P. Kornilovat

6,1 159$ 15,9-
2^0

13 9 0 2413
9 9 2 9 0
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reached But regardless of this the generation,of 1950 was
rather abundant. For 3 years it.held the leading pôsition''i4 the
catches,(up to the.age of 4 years inclusive)'.

^In the Black Sea numerous sagittaè andimedusae, which âre
enemies of the anchovy-larvae appear, but are absent in'the Azov
Sea. Thus the anchovy-fry in the Azov Sea are not faced.by a4
large number of enemies.

But the nature of the development of fâôd organisms'at the
stage of the transition of the larvae to active feedingro;an^d..the
food-relations with the other consumers or users of thess"ôrganisms
are of great importance in the survival of the larvae.

The Food Supply of the Larvae• of the Azov-Anc'h9.v'y.
and the ' Extent ôT-theSr Sü:evival-uhdèr Vâr.yi^g Fôdd»EôrTd'3 tiôns

Détermination of the age and of the growth of*the larvae;_,.

In.order to determine the food requirements of•the'larvae with
regard to various organisms as well as to determine how great the
survival of these larvae is With regard to the numerical strength
of the embryos it is.necessary to know the sizé and the age of the
larvae. We watched the increase in length of the predominant number
of larvaè by days. On the basis of these data we could"determine
their rate of growth as long as they can still be caught with a roe
net or a ring-trawl (113 cm in diameter).

In connectiôn with the nocturnal migrations of the ichthyo-
plankton towards the surface the horizontal fishing with a net and
a ring-trawlg carried out at night-falll yielded abundant and--.
variegated material.

The larvae were larger, by comparisong than those that werè
caught during the day. The further growthof the,young was?^ob*s+erved
on the fry or fingerlings in 1953 that were caught in a sta-kè ^tir
gill net in large numbers. Daily measurements made'it possib=le to
learn the growth rate of these fry during the,, main feeding. or ,.
fattening period.

It was also possible to determine separate biological.g:T^ïugs
of anchovy that were "born" at various times and that differedfrom
one another in average length: It was possible to compare ;,the,;...
relative numerical strength of the fry--according to the câ;t.eZiëa or
yields of other years--by the.dynamics of the average catchs6`,*1,th;
a gill-net and by the percentage' of .the content of fry in thé,,,',
catches.

In order to-determine the age of the larvae V.P. Kornilôva
conducted experiments on the incubation of eggs and also on the. . j



raising, ôf pre-larvae and of larvae on an experimehtal basis". The
temperature conditions of the experiinOnts *were- s.bout the samé as'the
warming up of the waters of the sea during the observation period.

It was possible to follow the development of the larvâé only
to an age of.7 days.; for the experimeiatal base was . instzfficiently
equipped and the raising of larvae was extremely'.difficult under
these conditions. `

It is necessary to.point out, pr^or- to proceeding with a"
charactérization of the growth of the.larvae-,..the difference-in the
distribution and the quantity of larvae, which was observed in the
Azov Sea in 1952 and -^ -

The data show-d-the data on Table VIIIm_tM.t 6:b-Cthe
gnchovy-lârvae observed in 1953 exceeded many times thé quantity of
the anchovy-larvae in.1952o Furthérmqre, it was also obsérved that
in 1953 the quantity o:Clive embryôs was considérâblÿ larger th&n
that of 1952. However,.the relation between the number of-embryos
that survived and the larvae is not the sameI each year. -Thé '
quantity of larvae in 1953 considerably exceeds the quantity of*the
larvae in 1952,.wher.eas the number of live embryos in 1953 was only
twice as large as in 1952,

This discrepancy in•the.indices of survival so it seems, must
be ascribed to thedifference in the factors thâ.t determine the -
numeriGal strength of the embrÿos and of the larvae As well as to
some mqthodica3:.errors whi6h were inevitable during the first year
of observations.

Table VIII. Average quantity of anchovy-larvae in June and in July
in 1952 and in 1953 in the regiôn of the .Kaza:ntip
_péninsüla.

Depth of Time when

Year in meters was made IIÎII IV
July Mean

II III IV Total

1952 0-19-13 0. 172 0 10 11 0 32,0
5-4 ' . . 9-13 . 0 . 45. o . - 0 - m.^ _ , , . : , _ 57 - 7 18, 0
0-1 '17-19 .

2 p 0 . o ^,4 0 0 0 015
5-4 17-19 5 - 0 2 0 4,

TorAL 15

1953 0-1 9-13. 600 - 150 - 600 30 - - 345
5-4 9-13 3000 m 1230 - 300 100 - 1157
0-1 17-19 - 600- 165o.6©o.1350 500 140. - 805
5-4 17-19 -20 ® 640 2380 ' - 700 140776

the haul the catch. June

TOTAL' ^ 775

The work also dealt with the data on the.frequency of
occurrence of-the.. larvae with regard to :size and _distribution density



- 29 -

at- variôus ' times of their life-: On- the basis^ df ` these- indices= the
number of the" chief spawiairigs of the ' andhovy-larvâè--'in- 19-53- And the
rate or pâce -of-their growth were-determined (in 1952 there vra's a
shdrtageof material for such a comparison in view of thé small
number of larvae).

It was established on'the basis of experimental'datà- that àt
the beginning of the 'development the pre-larva.. ând the larva' grow
about l mm in a 24-hour period. Similar'chariges could be tracéd'
also under natural conditions. Ooo-l3ections= made-: fTÔm--Jun-e-$.to- la
and from July 2 to'3`shôwéd that the` average size-6f thè`larvaë of
the -same spawning also ihcreased by one mm Per day': Proceeding ' -

-from this it was possible to determine thé growth of-the lârvae'by'
days. The date of the "birth" of each group was assigned to a range
of several days seeing that-in the samples the larvae-(as well as
pre-larvaé) varied from 2 to 5 mm in length. This wa.s'especially
the case at the peak of spawning. This indicated a mass-survivâl
of larvae during several days that'were characterized by the 'same
optimal conditions for their development.

During a period of one and a half months it-was possible to
distinguish the "presence" of several*spawned groups of which'three
were exceptionally numerous. It is possible that-subsequehtly!they
will also form separate biological groups that are selected,for:
size and other qualitative distinguishing marks.

The_ confidence that the predominating groups of larvae are
'relatively stable with regard to their'numerical strength is,sup-
ported by the following data: 1) The same size-compositiônland
relative numerical strength of the larvae was-observed on the,4ürface
as well as in the layer of the water at any'hour of the day Qr of'the
night; 2) one and the same size-composition'of the larvae `(ahd 'of
the pre-larvae) was observed simultaneously to the north and to.the
west of the peninsula. This indicates the uniformity of the
distribution of the larvae in calm weather over a great area
independent of the nature and the direction of the current.,

The first group of larvae was "born" during the first days in-
June (when the temperature of the water was 19-200). During 3 days
these larvae increased gradually in size; for this reason they must
be assignéd to one and the same group. The absence of smaller larvae
among them indicated that the results of the spawning in subsequent
days had been negative regardless of the fact that roe had been
extruded every day.

Later on, the first-spawned group was encountered in the
evening catch on June 179together with a new, a younger, group._
Evidence'of the fact that the first group was the older for thel_
given period is the absence of-larger larvae in the given sample;
for in subsequent samples such larvae were encountered. The longer
larvae of the first spawning (30-32 mm) were also encountered in
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the catch on July 3-. . .

The 'next .or fôllowing."stablé 'group `belongs to the périod 'ôf
June 9 to .12. ^ Its deve;lopment -toUk....p1ac.ae= a-t p: higher. temperature -
ôf the water (23m24°). What happened to it later on could be traced
on Ji.ine 26 and on July 3, 6 and 10e

The strongest spawned._ g.roup was enciiuhtered at the end of June.
Its predominance over the others - can easily be seen. till tha- end- -
of the period of observationso Beginning with the f3rst.dàays of''
Ju1y7.pre-lârvae and larvae of the smallest sizes ceased to appear
in large numbers in.the sampleso It-i.s'evident that at this time
the spawning of the anchovy.. had begun to slacken.

Fry 9 the size of which did not exceed 30. to 35 mm' "weré caught
by roe-net and r-ing-trawio.. Larger s:peciinexas were seldom caught.
Further 'observations of the growth of'fry were madé by means of the
"prilov" (litèrallÿ--caught with the others.) of fry in gill'nets in
which they were being caught 9;beginning in the latter-.part of June.
Already on J^ly 8,the "prilov" of fry comprised several centners
per '!srezka" .,(a colloquial. expression which perhaps means a"haulp
or every -time the net is lifteda Tr)9 tiPuhereas, in 1952 there was no
"prilov"..of:fry. ,This also points to the difference of the numerical
strength of the populations that'were spawned in 1952 and 1953. The,
results of the daily measurements,.of the anchovy,-frÿ aré'shown on
Figure 9.

In 6 days..(from July 8a13) the under^-yearlings grew 8.7 mm'
i.e., they grew on the average 1 .to 1.5 mqeach dayo When comparing
all the data on-the growth of the larvae and of..the fingerlings one
may come to the,.conclusion that at the end of the first.10-day
period of July the undér-yearlings of the eax°ly-spawning'--of'an
average-. length of 40 to. 60- mm--that .were spawned^ iri' the early part
of June began to approach the Kazantipr k3ay in énormous 'quattiti'es .
Later on--by the change. in the average length of the body of'the
under.-yearlings7r-it -w.as :al:so 'possible to, detect:,the, àpproach of the
subsequently spawned groups. After Jix:ly 20 there appeared the most
numero.us..spawned . group which had been hatched diüring ,.the last.5-day
period..in June from the first and second.batches of roe. The
material.of the complex July survey of.the-Azâv Sea showed that
.this •spawning group. comprised more than 50%^.of the 'total number of
the. under-yearlings, that were .catagti.t o.

.:.It is thought -by s°me'that the largest..perpentage of *,the
normally developing roe comes from the first ba-tch- and that the roe
of, the third batch-3s,:pos.sessed :of-less vitaiity: ând that the
mortality rate is..greater' than in. the:.rase: of the,first twu. bâtches.
Our obsérvations ^ ha^e shown : that the ` largést,. produçtiôxis with
regard 'to numbersmmresulted from the extrusiop.of thé.',.first ^atch
of the recruit spawners and of.-.the second ba.tçh of, the remnant of, .. ,

ZSrezka, - a^ furin'el--s:hap-ed âffair used: in -fi.shâ:ngo Tr:^,



■ ffl 
58 0 
63 
ge 9 8 
615' _ 54;5 

	

5 •0 	 560 

	

3490 	410 

	

1900 	• 	600 

	

1900 	14ÔO 

	

260 	550 

	

4000 	220 

	

2250 	250 

	

800 	500 

1946 
1947 
1948 
1949 
1950 
1951 
1952 
1953 

- 31 - 

the commercial school of anchovy•; i.e.,‘at that -tiffiè - when  thé  
optimal conditions for the development-of- the embryoa set In. 

 - 
The•stirvey trip in the fall diaclosed- that the-main -bulk-of" 

the anchovy-fry by Septembisr to OCtober -, L.S. 1 'àt-the:•time•oethe• 
departure from the A.Z0V Sea, had attained an  -average- leeth ôf 
56.0 mm.. If we compare the nature of the growth•of the fry  in 
searite- y6ars wa•will'See that  the grOWth'ofthè -frè-the 
worst or poorest in 1953,  but  their numbèra (aàcording--to• t•edeta. 
of the survey trip)'wera the largeSt though  the si•e  of the  stocks 
of breeders, i.e., of large anchoVy, was small (Table. 

Table IX. Average size of the fry and the relative stocks of 
large and small anchovy (data by Azcherniro).• 

Stocks in thousands of centners 	Average size Of the Frÿ  
by* Seppmber 1 inmm  Years 	Large Fish 	Fry  

The fry in 1950 and in 1948 were distinguished by  pool'  growth 
and the largest numbers. The strong recruitment of 1949 is an 
exception. However, its ultimate fate is not clear. Its disappear-
ance from the commercial stock is explained, it seems, by the severe 
conditions of the first wintering. 

The data of the survey voyage in 1952 and 1953 fully confirmed 
our conclusions about the relative numerical strength of the 
various spawning groups of these years that were obtained on the 
basis of observations conducted in the region of the Kazantip 
peninsula. With regard to the quantity of larvae the harveSt of 
1953 was many times greater than in 1952; but the stock:. of the fry 
in 1953 was only twice as large (see Tables 8 and 9). Both kinds 
of survey  canot--methodologically--pretend to a Sufficient accuracy 
with regard to the quantitative proportions in the anchovy-popu-
lation in the Azov Sea. Furthermore, in 1953,the fry began to 
leave the Azov Sea rather early and therefore could not be .fully 
surveyed during the fall cruise. 

The characteristics of the growth of the fish in a population 
cannot be dealt with without an evaluation of the food-base, which 
ensures the survival and the growth of the fish at or during the 
early stages of development and also during the first summer. This 



question is dealt with in, the next sectio-kx.

The Ensuring of Food for the Larv&e *of the Azov A.nchdvy
when paqsing on to Active Feed?ng .^r

The t:pansitiôn to active féeding- J.s.. one of the ddcisiv-è - -
-stages in the, life 'of the^'larvae- durlng. Which the highes-t -môrtality-

rate is 'obsèrved ,a:mong: them., , It was' assianied.tha-t this: ca-use--ia...
every case--detër*mi.nes the 'strength of the, harvest of fry.o -Tliis-
view was based upôn experimental rese a.rch, a-j^jd dbservatibns made, in
the open. N.Ao 'Gerbilski observed in 1954- txiat. thë stage of the
transition to active feeding is related to the rapid- and radical
change in the function of the digestive system- and- that the-*ma
reason for the'high.mortalîty rate of ths.larvâs is the lack of
food thatwould meét-the rèquiréments of the larvâ®o It hâs'béen
established that the numerical strength of the Danube herring depends
upon the opportune4ess of the devglopment.iif the fôod ob jec:ts ,
Further, the numerical strexigth. âf the- semiuàhadromôus Cyprinidaé
of the Volga River depends upon the-density- of the distributïon'ôf
zooplankton in the "poloynaya" (perhaps flood-lands.o Tr) system.
The opportune development and the density of the food-zooplankton
determines also the numerical strength of the "salaka" (Baltic
herring) in thé Baltic Seao

Thus the survival of the larvae even under natural conditions
at the,-critical-stage--depends upon the acçsssibility or âvs,ïlabïlity
and assimilability of the fooda Thisq in turn, is related to the
time" ôf thé m^ ss development ô^ the young and the adùlt - f orms of the
food plankton which changes in keeping with the course of the warm3.ng-
up.and of other seasonal phenomena o .

Howèver,- many questiôns,regârding the food supply of the
generations `that were raborn" are still uxaansw.eredo,

In this work we are trying to solve the problem or find an
answer. to .the question.pertaining to the fopd or feeding of the
larvae of.th:e Azo.vmarichovy.and its relationship to the siz'e and-the
composition..of tYie..plankton under various conditions of development
(in 1952 and'.1953).' Thé' data obtained by us on the characteristics
of the p^.anktôn in thé: Kazantip region were eompared with the data
by A.N. Novozhilôva and - G oKa Y3:tsyk whci: procdsséd collections of
phytoplanktor^ and `zo^ip^.ar^kton .f.;^orn the ex^ti+°é Azov Sea. during these
years .

We côll,ected phytôplankton and zo.vplanktcin while collecting
larvae-. . The,' gtrovuth and food of the latter were. studied during the
2-year obsérva^ior^ périod'o Seèing that on1y 'small quantities of
phytoplankton were encountered in the intestines of larvae we
restr.icted-ourselves to general observations or comments regarding
the importance' ai.nd size of the biômass of. the phytoplâ.nktôrt for the
duratiôn of the entire season according 'tO. the,. data by G ^Ko Pitsÿk.
The statement by. D.No yongvinc?vich and` VoAo Feldman that no phyto-
plankton had ' been encountered 'in the gkits of sardelles provided us



- 33.,

with a reason for assuming that phytoplankton.is not a.part of the
diet of the lârvae of sard.elle and anchovy. -

The material- *'on zooplankton Was collected-arid'-prôcès`sèd--
accôrding to the metriod.s,adopted'by VNIRO. The matériâl on thé
zooplankton and on the fôod of ;the'"larvaé was^-procésaed- by E.I,.
Ârsënyeva, who also compiled the tables used in this wàA.

A.description of the specific composition of the"zooplankton
and 'the change in its .biomass in 1952 and 1953 are given on Tables
X and XI . n

Table X. Titer of the zoo-p-lan)xton. in the Russkaya---Bay in Jupe
to July q 1253*

MRE - . JM11
1?- 26 10U

Evèn- 'Evèn-
Cr anism;s 8 16 in Night 2 6 ing, l

Nàuplii and
copepodal
stages 172,3 280,6 279,1 347,6 165,9 438,6 453,4 240t5 222,9
Ac:cla'tzsi.,, 322,5 637,7 303,2 208,2 444,9 913,7 874,1 203,8 .125,2L. .,.
Ac:.,.1atisetosa 874 4,3'. 6,5 6,1 29178 263,4 202175479 491

CentrQpages
k^bybri-- 11,3 15,3. 16,9 18,o .90,8 81,65 143,3 91,1 38,9

6da a.d. 1677. 4914 46,4 278,8 32016 171 2,3 0,5 --

Mollusca,larvae 81$1 249'5 9479 14,8 1271 1576 18,3 5,0 3,7

Synchaeta sp. 1,5 2,0 1,0 0,6 0^6 -- --► -- 0,3

Nauplii Balanus 154,1 2,775 10,9 21,6 -- 9,$ 16,9 3,0 13,5

Cladocera 0,07 . 1,7 29,8 .5,0. -- ..,.' ..-- --

Polychaeta
larvae -- 0,1 0,1_ 095 0,3= -- 0202, 0,1 0,02

Ti:nti'nrioidëâ 0,02 0,07 . 1,0 2,7 1,2 0,3 0,3. . 016

Varia 2,2 4,0 . 4,2 120- 12 33 53Z 64

TOTAL 771,5 996,0 793,8 969,1 1343,9 1736,:L51723,62 605,1 410,3
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Table X1. Titer of the zooplankton in •the,Russkaya Bay (Kazantip)

in June' to Jü1y;^:.:

.May
Organisms

Ac. c l.+A c.
lat.- 73116'

Centrop.kr. 10,5:

Calanipeda
a.d. 23902:.

Lame1. larv. 6;

Synchaeta

Nauplii
Balanus 510,97

Varia 64.77

705, 4

I
_ ,,,.. . .. - , . . . ... . .

4
J^6e,

1_7j 18f

230, 7
11,82

76

$6,46

44,45

459, 55
33,%2

9,4' .

3 0, 7?....
169198

270,24

63 1

156^27."
7993 -

28 ,.17..

197,67-

243,18

411,47

31,91

875,51 .633,51 1076,,5

'24 136 -

18290"

263,27

8.,65

112;ï2

78

33948

S^12
132,63

339,55

25.88

Ju1Y.
2 . , .:.:14 .

333., 4? -
26,09

260., 8.7
x3,16

31.-96
1,57

1.19, 75

2811

0,44

- 4,67
10,68

70,03

26,17

.64

883 ,15 . 6P99 5: 513 9W 393, 22

The ''composition of the plankton in-1953*differs râdicâlTÿ,from
the plankton in 1952. If, in the plankton iri. .1.9"52 ; the... Sÿncha.e.ta--..s.p:A..
and Nauplii Balanus(the latter wereeven-dominant^ wére7of gréat"
importance together with Acar.tia claûs.i.and T. ^at3.sstosâ,,then in
the,` pla-nkton in...1953 Acar-tia ,c^lausi, which' àetermines the -sizë. (?).- ..
of the. entire--biomas.s .:of . plan^kto^n, was ,. tb.é.:. bs,^.ic_. fqr^n : The importance
of Synchaeta in ,the ^ planktop,,was negl'igïblé, =,

One . of •the^ causes' that brings ab©izt the" ^différehee - in thë
composition of the plankton of two spring-summer asason's'was-thé
varying course-of-the warming upï of the waters. The::,temp^rature of
the water in 1952 for almôst thé'éntire duration;ôf'the reproduction
of the,anchovy.!was lower than.in 1953.^(Figure 10). -

It should also be said that in 1953 the'largest amount of
zooplankton was_observed during the;la-st.5-day period,.in June and the
first 5;^-da:ÿ peribd in Jti1ÿ I` I i. e.., at the timë when the most
numerous generation:of;.the anchovy-larvae emerged.

The composition of the good of the 'larvae that were caught in
the surface-layer and at a depth of 4 to 5 m was relatively
homogeneous.

The material for determining the composition of the food
organisms was processed in the following way: The intestines of the
larvae were "prepared" under binoculars. The good was removed
from the intestines. The compqsition of the food was determined--
down to species ff :pos-sib1è-'6;^u^der a microscope. The resu3jt from
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- 35 - 

. 	. _ 
the exaMineion-Or theintestinesTbf-anChovy-issshown:ôn;Tab1e:).OEI 
(ParticUlar (?) , Indrces-of.the  composition  oe foàd-inthe caSelof: -  ' 
the larVae - thatcontained any are indicated-,in the*tabIà),..  

Table XII,Fpodof the_anchovy larvae in June toJuly 9 .1953 ,04.1 .. 	. 	_  
14à19mJà.„; 

Size of Larvae in mm 

-.MeàniiIndex 
• for siZes 	- - 	- - 

	

6-7 7-8 8-9 	 16-17 17-18 • 
Synchaeta 	

/ 
 

	

6 9 1, 	3 9 2 	28' 	--.. 	3 9 3 . 	-- 	- 2. 9 6 - 	 — 	 -- 	-- 

Tintinnoidea,. 	1 9 2[ 	1.92 	-- 	• -- 	-- 	-- 	0,4 . 	-- 	-- 	..- i 
Coscinodiscus 	26 94: 	iW 	3,0 	6.  3 

• ., 

Lamel iarVae 	13 9 0 	' 0,9 	 2,3 	- -- 	-,-* 	-- 
Nauplii 
Copepoda 	85,9-. 1996 	793 	11 . 9 	-- 	-- 	20,7  . 	-- 	OM.» 

■ geOW7.#& 
#9...ea:' 	13140 	45. 9 5 	609 9 	' 65 9 3 	33,2 	,- - 	56•,0 	-- 	-- 	-- 

Anartia_ClaUgi  - -- 	.. 	8999 1259- 5. 	78 9 9 	8990' 	'6399 	IM.10 	 '''' 	67,2 
CalaniPedad 	 -... 	25,7 	52 9 5 	-- 

Qeneraiindex- 	1 
ori,filling 	261961 	79 .9 1 163 9 9 202 9 7 	12 , J. 	89,0 	152 9 8 	-- 	1MM 	 M.» 

ISfilP.#:f di,s,-: 	. 	- 
gécted iarvaè 	270' 1266 	273 	146 	61' 	34:- 	1050 , 	11 	3 	4 

Number-of lar--  
vae with food 	91 	78 	73 	36 	10 	2 	290 	1 _L 
Number_of larr 	I 
vae with empty 	q 	 • 	. 
intestines' 	66 9 31 	70 9 7 	73,3 	75 93 	83 9 6 	94,1 	72 9 4 	90, 9 9 	66, 7  75,0 

- 

The data in Table XII  show  that among the larVae of the Azov 
anchovy - there occurs a large .percentage--at every•stage of 
development—of-empty:intestines. Thus9 in the cage of the larvae 
from 8 to 9 mm in length it reaches 94.1%. The general index of 
"filling" is largest in the case of the larvae of,3.to 4 mu: 
(263.6). This lndicaterelatively active reedieg-by the larVàe 

'after the resorption of the yolk sac. 

The first. food of the larvae of the Azov-anchovy--accOrding. - 
tO our observations—is the small zooplanktonthe'larvae, e the' .' 
pelecypoda'9 ' rotifera 9  nauplil and the first copepodoug stages). - 
As:they continue to grow - the nature of the food or-the larvae 	- 
changes--theA.MPOrtance of the'phytoplankton9Or therotifera'and 

• . 	. 
•. 	 • 	 . 
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Tâble "XIII shows the com- osition of the- f_6od,_ôf the larvae and,
the composition of the plankton-sainples f"rom- the same placé of """
fishing. Furthermore, the index of the extent to^whicN, the stomachS"
were filled are'computed not:^on the sample in whiéh gôod"was
discovered but on all the dissected larvae inéluding:even those the
intestines of which-.we-re- em-pty-p

Tab1e"XIII-. Composition of-the food of the larvae:of the Azov-
anchovy and of the zooplankton samples in the region
of Kazantip in 951 .

of the larvae of the pelecypoda-- dwindlés-.. The- fo_Ilow3:ng---comprisé
the main food items-for larvae from 5 to 1 p= mm- ini; 1ër^gth: Nauplii,,-'
copépodôus stages and the adult fvrms of A-carti^â.--c1. At the
later stages (when the larvae measure 1^-l mm Calâni.peda aqü^'é
dulcia, Centropages oyeri and M,ysidae are the, maini food^-Items.

Length of Larvae
in mm 4., -4 .-6" . 5-6

No. of station
and date No. June 8 No. June 1 No. 16 Jul -2 No. 20 July 6

Titer of zooplank-
ton on t4e station

^in m cIIl 996 . 0 3.28 5.9 1736 ,7 1723. 6
Q) a)

ti^S,^i v2 cU
a^ ^

F-^ ^,t J v1 Co

au ^
F1 V7

.

Co Mi

^,
i•4 '.s:

w.^a^^
4+D u]

`^^^ûV
O 44• i

WE
o+^ m

^^^û
Es O 4 1

"c)^ ^^'`'â
4^

wm^ â ^â
5Name of Organisms Ca «r+ -

^.
G 04-3 0 r+

-i .,-'
U o_P

O N W
M "-i

O -4 .r-i
C2 044 Q+s rd

cd .ri
0 4-i •rio o+2

W;f4 $9 V D4 , vi Fi F+ c i •ri M m $4 F+ 0 vi W to F+ F-i P •rl 64 CatU tti «i
_

m-r-i (1) (D cd ctt -N . a> r-i aD (1) ,0 0 +a aD r=d (1) SU «i •r1 4J a) ri (1)4-2 r-+ b0 P+ rO H ^ 4-7 G, a,o Fi z3 r-i 4-*) +'^ R, 4A k rt3 ad +2 43 P, rd Fi zi r-1 +-1
$4 cd 0 4-1 9 -H a) FA ai z •r-1 ^ •r-I tD k c^ tÿi ^-I S3 •ri a) 0 ^d ^S M-I c^Er v^ o â, ^-+ " •H ^ to o P4 -ri aa  •H c-^ to o •1r q., .1-1 Le-m- 14 w

Nauplii Copepoda 51,7 15l5
Copepodite stages 178,2 20,0 417,8 338,3-. 103.-10 413-,4 75,0

Aë. clausi+Aç.
aa - se os^ 637,7 40r,4 -a 1177"ll -- 107628

.gentropa^. k.royeri 15,3 31,8 -- 811,65 - 143-13 --

Calanipede .a-.d. 4914 -- 231,2 -- .1,1 -- 2,3 --
Lamellibranch.
larvae 19,0 -- 8,4 -- 1o,,6 -- 14,6 --

Synchaeta sp. 2,0 5,0 6,6 6,1 -- --- --
Coscinodiscus -- -- - 6,7 -- .-- -- --
Varia 42,3 -- 103,1 -- 27,55 -- 33,2 --

General index of.the
extent to which
guts were filled 40,5 105,9 113,4 75,0
Number of larvae
that had food
in the intestines 5 7 5 6
Total number of:
dissected^.larvae 32 25 14 14

Number-.of larvae
with empty guts in % 84,4 72,p 64,3 57,1

85,6 93,1 100,3 .10,4 40,0
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When analyzing the data in Tables XIIZ-,and XIV a direct. relation,
ship between the food of the lâ-rvâ.e and ^ the- composition of the
plankton can be discoveredà- Izà the: early part of 'Jùnè ih 1953 sinàll
amounts of Synchaeta were encountered in the plankt6r^=; but naùplii
and copepodoùs stâges were represénted in mâ-ssa IJàtèr.:. on the
rôtifèrâ'werc missing entirely and Acartia cla^us ,i in all its
development stages was the main for^ioÂll this is. also reflëcted
in the food of the larvae of the Azov ancho.vy of the. re,spective -
sizeso

Thùs it can be seen.from Table XI that the composition of' the.
plahktoh-in 1952 was altogether différent frdm` that'in 19'53. At-
that ,time (19.52) 9 rc?tifexa were- p.neserit 'in' large quantitiès.-' Also-
in.:tYië. guts together,..wi.^h . the,: copepodpus, ,st4ges'_,.the rôtifèra (their
ëggs ) were -encota.ntered more. ft-equent:ly thàn iz1=_ 1953::=(Tables. XIII. and
XIV)^:.

The pdreentage of empty int.estiné^.and the géneral index of
the èxtént to which they were filled were almost thè sAme'in 1952
and in 1953. This indicates that the larvae did not starve in.1952,
which was,:regâ.rded as the year when a pôor year-class was born.

The data obtained by E.N. Bokova on the food of the la:rvâe-in
1952 are quoted in the comparison with the titers of zooplankton
(Table XIV )o

Table XIV.. (see Page. ;38â
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Table XIV, The 2ooplanktdn and the food of thé larvae of the
Azov anchovyP in the Ka za.ritib. :region in 1 952.

Length- of Larvae
in-mm 3 - 4 591- 415 4,6
Station and Date 10 9/Vi Ilo. 19 16/Vl No. 29 18/VT= °

Titer of zooplank-
ton on the stations 1200a9 ., 57$i $49
in m c 3

,1
eN.

^-i . ^ ^; ^ va
* 1-4 ^ ^i ^ w .. ^ ti ^ ^_ go8 3M rn

;o ^
Cu .+- Q

H 4--1. rt
cn v)

w ^ ^
, 0+5 m. 9-1 ^-, ^

M
a-► ^ El

.cU - 4-3 m
^-+ w . . ci

Name af gOr anisms
ord ul

.H .1-1 .
;^ ow•ri, Q. o-^

ozsM
•r+ -ri

00 4-1 •,^
V 0 -P obm

-H •H
4-4 -il

0 04-2-F ;P ^.
ér-I cd

•rl e^C rs. ^ O ri Q)
i e P^

. ^•r1 CO
•rl - M vr .

--w' a) r1 a)
?^

(D -ri 'CI
r-1. p^i m
:N m r-Î':::()•^? sc1 to

}rl ^ ^►
Fa z2 r-l -tJ.
cti ^ :•ri ^-

-P rd 54
-ri ^ ^

F-t ro r-4 +)
Cu ^ r-t ^ t^-

4.^ rd 4p
-ri Si f^

91 zf ri +y
af ^!- rl:.^C-f +rl O GL ^-1 4-i•r1 E-1 -ri O f1. .ri 4-^ '•r-I ' E-4 -r-1 O tl, •r-4 4-1

Ac. ciausitAe.
latisetosa

Centronases kXo,ygXi,

Calanipeda a.d.

Lamellibr. larvae

Synchaeta

Nauplii Balanus

Copepodite
stages,

Coscinodiscus

Varia

General index
of fill

Number of larvae
that had food
in the intestines

Total number of
dissected ldrvae

Number of larvae
with empty guts
in %

M.,
9. m

204,9 ^è" 132,2

8996 2t59
1,1 •^^ 25,4

77g5 42983 . ^--. 24,4..
77P6 742,45 3:5,.6: 81,86
-- 189,44 6,8 294,2

271,9

5297

47923

3

16,25

11,22

28 17

0

- ..

2

100

rr

_,.

Observations with regard to the food of the larvae of the Azov
.axLChovy at various depths and at different.hours of the day are shown
in'Tâble XV.
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•Catching, on• the .Surface 	Catching.:  at a D.elith Of.."4-n  

"' 	' 	'" 	'• 	,'-‘' Generel',ineari index •-. ' — 	'' -'' 	'''-'" General 	ilean-  in--- 
- otiiis when 	%, df.'larVae 	oË. the  -eittent the :. %- Of Iti-r ■nie dejc  of the  eetent 
the ..11.'shing- 	with enipty .  - intestineS:-Were 	'•-• 'Tilith 7-énipty: 	theLintestineS .  • 
was done 	iptestines 	fillee 	 intestines jwere filled 

Table XV. The food or feeding of anchovy-larvae during -vàrious • _ 	• 

3 
6-11. 

17-19 
22-23 

100 
77,3 
63,7 
97,5 

102,9 
100,6 
33,5 

' 73,7 
59,2 

100 

IMO.» 

78,2 
75,1 

Table xvi,  DePendence - letween the size of' the larvae of the ..Azov 
andhovy and' their food  obJects 

Average size' of Larvae ' 
that feed upon 

Food ObJects 	 these' °Wee :U.4_1_1 nut  _ 	that were measured  

3,86  
3,9 
4,2 
5,3 
6 ,4  

Ntunber of Liarime 
Food ObJe cts 

Coscinodiscus 
Tintinnoidea 
Nauplii Copepoda 
Copepodite stages 
Acartia  clime  

36 
25 

109 
125 
27 
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• The data in Table XV show that .  _the  larget  percentage of larvae 
with enipty  intestines  caught Cin thd : stirfacerwas ob.servéd during"thè 
morning hourà. When twilight set  in  and the zooplariktôn drifted, or 
rosé to the- ,upper 'Slayers' cif •the water, the' larvae in the upPer layerà 
of the-Water fed' 'somewhat inore . 	 Seentà that they did .  hot 
feed during the night. 

The seinedependence between the' SiZe of the lârvae and the food 
,ob,jects was also observed on a relatively spel., quantity of material'. 
It has been established that in keeping with the increase of the size 
of the larvae  the  composition of their food  also  changes  (Table XVI). 

_ 'Besides stUdying_ the'‘fo6d of' the. '....arvae of the' Azov anchovy at• 
the early Stages of their development we also observed the increase 
in the weight or the larvae: • The results of these observations are 
shown  in Table XVIL'in which the average Weight of the larvae of 
variouS size-groupS  as  well as the  increase in weight when passing 
from One size+group.'to another ‘late. shôwri. 
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Table XVII. Increase in the weight of lar-Vae.in mg as theirsize
increas-e.

Avexage^Weight; Increase Average Weight Increase
Size of Larvâe: of Laxvâe ' in. WeiF ht. of Larvae. n Weigt

in. mm in ma in 1953 in, lg-51 in mfg; in: 19,^„2in 19L2 ''

3- 5
5m10

10-15
15-20 --
20-25
2K-'10 --

0'9 72
3,31

..-

0,17
0-,73
4,23
9 , 2.7

28iC,
58,14

0151

3,5-
5,77

18 1 9:
291S4

t^ : comparisbi^: of the- gâi'n in,. thé wëi.ghtu ^ïf tiïén larvae ,that had
just gone over.to. active feeding showed, `that ih 1952 'the tempo of the
weight-gain wast not., slower. .than in .1953. Therefore, also this
indicates , that the food conditions _. `fôr the larvae in :1952. were not
worse than in 1953•

CONCLUSIONS

1. In conne.c:tion-, with the; vâ;rying dates :'of. the:"warming. up of-the
waters"In 1952 and 1953'the'specific composition of the zoo=
p.l.ankton in June to July of these yeara was different. In the
colder year. of 1952 a heavy development of the.,r.otifera, the -
eggs of which were used to a ç,orisiderable. extent, by' the larvae
at the stage of the transition'to-,àctive feeding, was'observed.
But in 1953 the rotifera were absent from the plankton as well
as from the intestines of. the.larvae.. Instead 'of "them, nauplii
and the.copepodal,stages of Acartia,clausi, that predominated
in..the plankton"9 were consumed inenormousquantities.

2. The food conditions i-n 1-952 to -a-ll, appeârances-wereworse than
in 1953 for large quantities of the larvae of the corn barnacle,
little used as food by the anchovy, were observed in-the
plankton.

3. There were no indications that the food situation for--the larvae
had worsened. or deteriorated ir^ ,1;952.. This is -confirmed, by :the
following ^facts,: a)., the total . biomâss of plankton was not
below that of ,.1953; b) the: number of, non,-fe,eding larvae '
during these years Was almost .the same; c).:the number of non-
feeding larvae was the same ;with regard, -to .the smallest larvae
(3-5 mm) as well as to the 'large,r ones;.' This doe"s not cônfirm
the opinion or view of the lessér^adaptatiori of the larvae for
obtaining food at the early stages of development; d) The general
index of the extent of filling is sufficiently lafte in the
case of the larvae that were "born" in 1952; e) The rate of
the weight-gain of the larvae of the stage of the transition to
active feeding in 1952 was not slower than in 1953.

0,16
0,88
4,19



41

4. The composition of the-food of the larvae côrresponds"to the
composition of the 'fôod' 'planktoh tYiat' grôw,s in the sea. It
changes `as the size, of' the larvae' -increâses.

5. All the,data cited indicate the plasticity of the anchôvy._., . .
larvaé with 'reg"ard' to 'the f©od'-ob jects; ua:ed, to t6 'p
siz'es,. Therefore,. they also indicate' the greater: chance for
the'. survival of the larvae at the stage' of' thë` transition to
active -feeding.. 2h3.'s` plasticity iii the', sélection ôf. foôd
objects'réquir'ed.is-an adaptive qüality of the'anchovy larvae
which enpbl:es them .to escape=. mass mortality when there is a
change in' -the dates of :"the 'growth ôf one- or the other Of the..
food organislns.

The Azov ancbôvy pôssess this grèat plasticity with regard to
food by virtue of.their biolôgical, morphological,.,and.
physiôlogical peculiaritiès. The fact of-an"enormous opetiing
in the oral-apparatus makes. 1t possib-
ha.ve a _wide -range. .of, food.. organisms,.

.. . .... .. , ,...
- is ace _ômpanied, by. a_; consider=6. The transition;'to:,,açtivê feeding

-

able loss of ^ ^larva.e s.eeing,.that this stage is ,ckiaracterized by
a ràpid and radical ehange in the function of the digestive
system. But, it seems1 ..that- this lo.ss ,i^s in;direçt proportioxi
totheir numerical atrength.
.. ._ ,. . .. -.: , .

7. In most cases the numerical strength of , e.'. gener, a ti.ori.under, the
conditions of the great feeding capacity of the Azov Sea ''-
depends. .primarily upon the numb.er-" of.,the embry.os. that..survived.
The food supply_of the .aarvae.:nëed not.be the cause deterinining
the . num.erical strength with the exception,-of those years when
the food situatiôn;deterioratés radicalJy-:

:,..

The causes that determine -the survival of the embryos of.. the -
Azov anchovy are the optimal temperature conditions and the-"
supplyof oxygen tothe layers of water., The optimal tempera-
tur:e limits for. the largest survival: of anchôvy.^.embryos are

in . conriection+ with .this.-.. As, a r:esult,of"this..the size of the

very narrôw. (22.-240).:

In 1954 to 1955 the: product3.vity of_ tYi^;` Azov Sea. due .to. the
decreàse in thè.,river,runoff. and. .t he sYïïft!. of . 3:t.s date was -
greatly r educed, The conditions for' the 'fatténing of the
anchovy: and the. survival of,.the;.fry dete:r -iorated..eonsiderably

stock or school in 1955 ixas' r'catastrôpkiica^ly" redu:eed .and the
catches dropped sharply.

; , ...... , ,
The narrower the .:ôptimal .limits of,.any. fluçtuating factor are
With regard to :àn organism,. the more important grows its role
as the regulator; of 'the .numeriçal str,ength of agiven,.organism.
À, change in the t.emperature regimè. of' the water "beyond thë
optimal , level lowers , the iriten,sity of metabolism. This leads
to.-the,.death of inore,individuals than the action or .effect of
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any other factor ; for the' adaptation of the anchovy to them  has 
a wider range (the food plasticity  o, 	larvae at the early 
stages of development ). 

. 	. 
9. Thé  conclusion  :regarding 'thé deCiàive,-signifiCance of the 

temperature: regime of the:water, with ,regard  tà:the -  survival -
of the, :eMbryoS is • confirmed alSO by the fact-that the amount 
of the larvaecorresponds to  the amount .  of the live egg's a•U 
the  stag e.  of the formed ekbryoS.  At the same time - the periods 
of the  greatest growth  of  ,plankton  correspond  to,  and  
therefore also .determine- the high:  degree Of the,, survivl  of 
thé larvae under otherwise eqUal donditiOns 	_ 

10. In view of thé sharp fluctuations in the numerical strength .  , 
the adaptation or adjustMentfOr it a: preSerVatIon'Is eicpresSed-- 
in  the  case 	-.01è àrkho71-7bY: bat ch-SPawriing' and a-Prolonged . 	_ 	, 	. _ _ 	. 	_ 	_ , s pairiping , 	„ 

11. The numerical strength of eMbryOS and»Of larVae .  in '1952 -Waà ' 
. small due to the unfavorable conditions for the develoPment of 

the  eMbryOs régardleSs  of the  abundande' or breeders:. - In 1953; 
the -number'Of  the  breederS' Was jeVeral timeS' -àmaller but the 
conditiô#i for the  growthof 'thé 'embryoe were More - 'favorable.  
The  "PbVerty" -Of the I952-Yearc1assand 1. ''ozt the' other - band, 
the"mighty strength" of the 1953 year-class were»Confirmed by 
the quantitative survey of the under-yearlings in catches with 
lamParanetà and in commercial catches. , 

12.- In prededink .years the generatiOns with the highest - yielding . 
capacity -  were Observed' aISO e:t'iths'tïde when 'the;*ater was very 
warni' duririg  the reproduction  :prâceSS  of the  aneOvy ad ' for 
instance in 1948 and 1.11'1950; When: espedially -strong . year-classes 
eMerged. In these years . the intensive warming up. began as early . 	 , 	. 	. 	. 
as  May'. . — 
It Seems that this cOndition led tà most effective spawning. • 
According'. to - the  data  by' VOX.' KOrOvina the, 'eggs or roe-  of the 
females which ovulate under optimal temperatUreSsurVive the • 
effect of the changes in the thermal regime better than the roe 
developing >tinder low temperaturés'. -  The latter  is  distinguished 
by a côneiderably higher SenbitiVityHtoWards thermal action. • 	. 	 • 	,„ 
Int Years characterized  by  relatively IOW temperatUres  but 
abOunding'ib -food the nUmeridal 'Strength:Of  the  year .-classes  
remained' 16W -  (1951).  

13. Independently_ of thp indicators of the biomass of the food 
P1an1tori1  POdrYgrbWth  of the' fisyY :dr andhOvY was observed in' 
1948 1  :1959, H 1953 '(the YearS  of  greatest' 'ffiiMèriàal strength). ' 
Thus aOdording to  the data  of A.  NOVOzhiroVa the total amOunt 
of the  bioniaSS of 'zbopIanktdrt  in 195I-wo' -  he Smaller than 'in 
thé Predéding years'. However.;-the growth . of  the  anChovy was H 
pOorer thanordinarilY'.' The  dependehce *Of the nature of the 
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growth of the anchovy upon their numerical strength is 'stili'-'
more emphasized during the years.of the.abundant:year-classes
of the. sardelles which. emerge in". August' fromT:the-- Taganrog ..
Bay and..spread over the;èntire sea. -During.the period of their
growth the :larvae _of. the sardell.es and of the anchovy occupy
different feeding grounds and..do nôt^compete with-one another.

14. The above laws that determine the best survival of the
anchovy at the early stages of growth are specific for the
given species. Further research.:--in this direction will--aid:
in disclosing more the regularities,ofthe.dynamics ôf:the
numerical strength of commercial fish.

In order-to establish the ,ca.uses.=-for. the 'fluctuations in the
numerical strength :of- the: fish that repr.oduce . in -the -- sea
it is necessary to know the- density: of the distribution or
occurrence of the food plankton with_regard to its consumer
under natural conditions. For this reason.the minimal size
or amount of the.biomass of:the:plankton,at:which the food.-
supplÿ of 'the_' larvae is -ensured must ":be 'det'ertniriOd,:
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LEGMMS FOR FIGURES

Figure ..: .Inter-rela:tion between the nuinerica,l : str'ën^th" of. the
;^arichovy (y^3th,.;.regarc^ to 2- and • 3-yéar olds and : the

eatche's;.::.• (1)` catches An %$ :.(2 ) :numerical strength
of ,.the ^year classes in ib.
(a) Year-classes; (b) Catches.

Figure 2 . Eggs . -in- -the.; ' s.tag e -bf the. unformed embryo .
(&,) Live ; ^ (b ):: Dying..

Figure 3:. - . , t h e g migration '--. through
Kerch; sFtraita,. in: 1949-1`953. .^( according :to,da,ta by. V.P.
Korniilova,. ). :. (a) Leng th in^ mm.:

.Figure 4... ,

Figure 5.

Figure 6.

Growth af:,2=y,ear olds a-nd,,of yearlings' of the Azov Sea
anchovy-.^in-!.the- Kazantip:, region in,the summer of-1952:''
(according to -data 'by Kurytsina). Solid line--f.émalés ;..;
dotted line-^-males-..

A Schematic map of the stations and the direction of
the wind (indicated by arrows), which brings about an
increase in the salinity of the water in the Kazar^tip
region. (a) Bay of Kazantip; (b) Stations'established
in 1952; (c) Stations established in 1953•

The distribution of the live and dead eggs of anchovy
(at various stages of development) in the middle of
June of 1953 according to depth. (a) Depth of water
in méters; (b) Thousands/% of live eggs; (c) Thousands
of eggs; (d) Dead eg s; (e) Live eggs. (The rest is
self-explanatory. Tr.1

Figure 7, Curve of the mortality rate of embryos at various hours
of a 24-hour period at a temperature of 22 to 24° in
June, 1953• (a) Breaking up; (b) Formation of the
embryonic layer or shield; (c) Formation or forming of
the embryo until the'heart begins to pulsate; (d) Hatch-
ing; (e) Mortality rate in %.

Figure 8. Quantity of the roe that perished at a varying
temperature at separate stages of the development of
anchovy: (1) G*strulation; (2) Formation of the
embryos. (a) Temperature in degrees.

( continued )

.;

•r
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Legends for Figures'(continuéd)

Figure 9. Length of andhovy-fry caught in a gi11-net in July,
1953 (according to the data by V.P. Kornilova).
(a) Length in mm.

Figure 10. Mean diurnal temperature of the - water -durillg the
reproduction period of the'ahchovy in 1952-1953•
(a) Temperature in degrees; (b) June.


