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The present article is an attempt to solve some questions
concerning the natural and artificial production of stogks aof
Black 'Sea salmont on the basis of a study of its biclogy. The
studies were made in 1951 and 1952 under the auspices of the
.Georgian Branch of ‘the Azov=Black Sea Research Institute for
Fisheries and Oceanography {(AzcherNIRO)} and iu 1953 according to
a plan outlined by the Gecrglan Fish Protection and Msnagement
Service. (Gruzrybvod ),

SYSTEMATIC POSITION OF THE BLACK SEA SALMON

L. 8. Berg referred the Black Sea salmon to the Atlantic
species kumzha, as one of the 3 subspecies which he recognized for
the Ponto-Caspian-Aral ichthyological province--in conformity with
this view the Black Sea subspecies is named Salmo trutta labrax
Pallas. To the same subspecies of kumzha Berg also referred the
river trout inhabiting rivers of the Black Sea basin, considering
them ¢ be a non-gnadromous river 'morpha® of the anadroméus
kumzha., .Anadromous salmonid fishes are considered by Berg, and
the other ichthyologists who agree with him, to be primarily-marine
fishes which are adapted to reproduction in fresh water. "The "
anadromous kumzha (salmon) is the basic type; the freshwater non-
anadromous kumzha (trout) is a form which arose from it--a ™morpha™
distinguished by characteristics which are temporary in the sense
that it transmits them to its progeny only if the external condi-
tions remain the same,

On the question of the evolution and genetic relationships of
the anadromous forms (salmon) and non-anadromous forms (trout’) of
the genus Salmo, I hold the opposite opinion, and regard them as
primarily-freshwater fishes, The Black Sea salmon, and the brock
trout which inhabits the rivers of the Black Sea basin in which
the salmon reproduce and live one or two years of their youth,
constitute two mubually connected forms of. existence of a single
subspecies of kumzha, which is a freshwater fish by nature, and
either takes the opportunity to leave the river and live in the
sea and return to the river for reproduction, or elsé remains for
the whole or part of its life in the river.

In line with this opinion I suggest that the Black Sea kumzha
must be mamed Salmo fario labrax Pallas; its migratory [page 2361
form-=S, fario labrax forma trutta; and its non-anadromous form-- |
S. fario Iabprax forma fario. These two forms do not have the |
character of systematic units of the category of morphae; I con- |
sider that neither of them should be regarded as having been |
derived from the other, '

lThroughout this translation salmon = ldsog, trout = forel, x
|

while kumzha is retained in the Russian form,



The origin of the anadromous form I econsider te be not a
result of adaptation of a marine species to reproduction in fresh
water, bub & reswls of’ the exbtension of the feeding migration
of a freshwater species out to sea. It is more correct to speak,
not of the spawning migrations of the Black Besa salmon, but of the
feeding migrations of the freshwater kumzha (Trout ). Thos what is
called the gpawning migration of the salmon is really the reburn
of migrant trout to thelr native medium fer reproduction,

THE UNITY OF THE NON-ANADRCMOUS AND ANADROMOUS
POPULATICNS OF BLACK SEA KUMZHA

It is a widely held and undisputed opinlon that the river
life of the young is the deeisive perioed for the production of
stocks of salmonid fishes, The sea providses almost unlimited
opportunities for inecresase in the numbers of salmonid stocke, but
these opportunities are limited by the survival of the young in
the river before their migration to the s=a, It would be expechted
therefore that all of the young fish which hateh from the eggs
laid in the river by female salmon and live there up to the
necessary age, would go down te sea and swsll the mumbers of
recruits to its salmonid stock, The whole kev Lo the matber lies
in the hatehing of the young and their proteetion up to that
particular moment, The fry ocutpubt depends on the number of
spawners coming back to spawn and on the size of the spawning area
aund its preservation--that is, on the aggregate of non-biclogical
and blological conditvions affecting the development of the eggs
and the life of the young £ish up to the time of their seaward
migration, -

My observations and studies lead to the conelusiom that,
among the factors influencing the natural production of salmonid
stocks, great impertance should be attached Lo the factor of
migration %o ses, something which hasg mnot been considered up to
thig time. Under this head I include the conditions of river 1life
which stimulate, or prevent , the zsaward migratiom of young
salmonids which have attained the necessary age. Not all the
surviving progeny of salmon migrate to sea and become recruits to
the anadromous stock; part of them remain in the river and assume
the condition of the nen-anadromous population, On the other
hand , from the eggs laid by a female non-anadromous trout there
may also come individuals which go te sea and change over iwbo
anadromous salmon, a8 well as individuals which remain in the.
river and retain the characteristices of the freshwatsr form--the
trout,

Az a result, both the reproduction of the salmon, that iz, of
migrants reburning teo the river, and the reproduction of the
trout=-the non-anadromous individuals of this same kumsgha—-1
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regard as & single scource for the reproduction of both, that is,
of young fish among which in the first year the fubture migrants

canuoet be distinguished, They are all a completely homogeneous

mass-=the fingerling kumzha., The sex ratie in this age-group is
l:l,

The wnited river st
inte twe parbts-—-non-anad
second yveay of 1life,

ock of Black Bea kumzha becomes separabed
romous and anadromous-—-ugwally in its

The migratory instinect im kumzha is to a comsiderable degree
asgociated with sexy it is predomipantly the females whiech migrate
to sea, while the wajority of the males remain in the river, where
they gquickly athain sewual maburity. HAmong downstream migrants
of the Chernafa River the females comprise 88% and the males 12%.
This is alsc approximately the sex ratio in the stocks of’ -
migratory salmon reburning to the river for spawnings on the
average over a peried of years in the Chernaia River stock there
were 85% femeles:dnd 15% males., The reverse ratio is found in the
non-anadromous Chernafa River populations T4% males and 26%
females, '

{page 2371 From this I have drawn the concliusion that "the
dynamics of salmonid stocks in the Black Sea are determined not
o1ly by the repreduction of the salmon and the survival of their
young , but alse by the reproduction of the trout and the factors
which stimuwlate (or alternatively, discourage} doewmstream migra=
tion of vhe young fish to the sea® (Barach, 1952}, S

The fact that in the salmon and trout spawning rivers there
always remains a part of the young: fish, these being recruited
to the non-anadromous poepulation--z sort of unubillsed reserve:
of salmou=w=-gd¥ aeg us reason to believas that the seaward migra-
tion facters ars of decisive dmpd 2% ance in the produetion of the
salman steck. By them is determined the quantitative ratioe in
whiech the separation of the common stogk of young fish into non-
anadromous and arnadromous pertions occurs in different rivers and
in diffevent ysars, or in other words, it determines the dynamies
of abundasnce of both types.

fmong the factors affecting migration, hydrological condi-
tions, and particularly feod conditions, must have considerable
importance, In my time I have observed, since 1949, an increase
i the number of females in the compesition of the non-anadromeous
pepulation of the Chernafa River, indicating a weakening of the
migratory tendeney., Along with this T have demonstrated a marked
deeline in the pepulation of the Chernafd Eiver as the result of
an intensive fishery for trout during those years, "We may
postulate that the impreved food conditions resulting from the
degreasa in abundance of the population has been a factor which
has reduced migration to the sea, and ecomnsequently that increase
in abundance (overpopulation) will lead %o increase in migration.
Thus downstream migration to the sea serves as a regulator of
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abundance of the salmonid population of the river® (Barach, 1952),

Consequently I consider that the departure to sea of a part
of the salmonid population is necessary, iun the usual sense of
that word, and is governed by the faect that the food supply of the
river is Insufficient for the whole populaticn. In the river
there remein ounly as many as it can provide food for, The
individuals which remain in the river do nob athain ths size which
bthe seaward migrants do, but in the third year of 1ife they too-
mature and beglin to reproduce. A part of those which have once
been sexually mature, also, can swim oub to ssa and transform
into anadromous kumzha, ‘

The already well<known fact that sexuslly mature trout can
migrate bto ser snd ftransform iuboe aradromous kumzha wmade it
possible for Dahl %o speak of replenishment of the kumzha stock
in the sea by river trout. Mhccephlng the relevanes of the faects
outlined, I suggest vhat for the most part the recrultment of
Ttrout te the salmonid stocks in the Blaek Sea is determined by the
ldegres of] seaward migration of the young fish which are the
common shocek of recruits for both the salmom and the trout popula-
tions associated with any given river,

SPAWNING MIGRATION OF THE ANADROMOUS KUMZHA

In view of the scarcity and rather low fecundity of the
females in the freshwater population and the incomparably greater
fecundity of the females of the anadromous kumzha , we must
congider that the natural reproduction of the salmon and trout
populations is maintained mainly by females of the anadromous
form, .

The approach of kumzha to the Abkhaziia coast begine at the
end of February; at this time scattered individuals appear, which
are not yet entering the river. Throughout March and April there
is an accumulation of anadromous kumzha in the region Just off
the mouths of the rivers, and in April their entry into the river
beging. Toward the end of May the approach of new masses of
kumzha te the coasts of Abkhaziid falls off and in Jume it ends,
and the catches in the sea fall off abruptly. Toward the middle
of July the main bulk of the anadromous salmen are in the riversg—-
in the sea there are none (possibly oecasicnal exemples escape
enumeration), '

A8 regards the sex composition of the Black Sea anadromous
kumzha it is typical, as mentioned above, to have invariably an
excess of females over males--often quite markedly developed:

[page 238] in the Cherraid River stock the females comprised on
the average 88% (in different years from 76 to 100%), in the Kodor
River stock they amounted to 654 (froem 53 to 77%), and in the

Bzyb River 63% (from 53 to 71%).
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The Black Sea kumzha attain sexual maturity and go up to
spawn for the most part in their third year (age 2+), after one
(frequently incomplete} year of life inm the sea, Only a few
individuals from among the late=-leaving young, after remaining in
the river longer and moving te sea during the winter or spring at
the start of their third year of 1life, becoms sexnally mature and
go up to spawn for the most part at the beginning of their fourth
year, at ags 3+, ' -

The composition of the spawning stocks is indicated in the
following table [sees next pagel.

It is characteristic of Black Sea sslmen teo have early sexual
maturity and to spawn annvally. Among first-spawning individuals,
more than 80% are third year fish (2+) and about 20% are individu-
als at the start of their fourth year of life (3+). Yearly
repetition of spawning is assoeiated apparently with short migra-
tion routes, which do not require a great expenditure of energy
and permit the kelts to return quickly to the sea after spawnlng,
and easily and rapidly recuperate their strength for a new
spawning.

The functional fecundity of the females of the Chernafia River
stoek, on the average for % years (1947-1950), was 8,500 eggs peib
femalaes the avarage number varied in different years from 7,500 to
10,500, individual variation was from 2,500 to 15,500 eggs., Two
excepbional examples which I observed were a female 81 em long
with 23,200 eggs, and one 79 om long with 19,400 eggs.

The magnitude of the functional fecundity of the Chernaia
River females is very close to their absolute fecundity, since the
eggs in these years were obtained by opening females caught alive
before the sggs were loose,

The average functional fecundity of the Bzyb and Kodor River
females, taken by spear after the eggs were running, that is, when
there had been gome loss of eggs, was lower, namely 6,300 and
7,400 eggs., Their absolute fecundity naturally was no less than
that of the Chernafa River fish.

GROWTH OF THE YOUNG BLACK SEA KUMZHA AND THEIR
DOWNSTREAM MIGRATION

The hatehing of the fry from the eggs, which takes place in
the Chernafd River at a temperature of 9=10°; oceurs during
December and Janwary and lasts sometimes into the first days of
February. Up to 70% of the fry hateh at the middle [page 239] of
January, the remainder in the second half of Jenuary, BEggs
develop under the same temperature conditlons in the greater part
of the spawning grounds of the Bzyb and Kodor Rivers. The '



Groups,
according to number

Percentage
in the
composition

Fork length in cm

of sexual ¢ycles of the stock Age Range Mean  Principal range
In%i;igﬁglgiiggwgzg 31-32 2+(3+) 35-90 60.7 50-70 (71%)
T eneving. bbb 34(Z4mkt) ] 50-100  80.9  70-90 (74%)
Ingiziggiéssgxnhizgg 1h=15 bt (3-5) 70-110 89.8 90-100 (55%}
Ingiziggilsfssgﬁig{geet &=’ L, 5+ 70-110 © 95,0 90-110 (75%)}
Individuals with four 1-2 5+ 90=-128 100 110-120 (67%)

previcus spawnings

"
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beginning of free Eindivw@galmai@} life in the Black Sea kumzha in
the rivers of the Abkhaziia coast occouws at the start of the year,

. Toward the end of the year the fingerlings have attained a
fork length (po Smitul from 9 teo 13 (12.8) om {av, 10.4 om) and a

weight of 15 o 35 g (av., 28 g). The growth inm lengbh of the
salmon (trouk) fingeriings inm the Chernafa River is characteristi-

cally rdpid and uniforn,

£t the beginning of thelr second summer the yesrlings have
attained, by direct measuvement, 9,0-16,6 em (av, 12,1 cm}; by
back caleulation frowm the scales of downsgtream migrants ¢caught in
the Chernaid River their length varies from &,7 to 15.9 om
(av, 11.% em).

The increase during vthe winber of theilr first year and spring
of their second is aboub 30-35%. The average length of the body
of yearlings (Ll+) in April and May varies froem 14.5 to 20,0 om
{av, 17,1 em) (to the Fork of the tail), On the secales there can
be distinguished an internal ring with a number of sclerites from
16 to 20 {av, 18) corresponding to the compleste first year
ineluding the winter, and an external spring ring of the second
year, in which up to April there are 5-7 sclerites in all,

The transformation of Chernafd River parr to the migratory
stage beging In the spring of their second year. Anong the smolts
in spring there are encountered individuals with a body length of
1% em, a majority have a length from 17 to 21 em., In October the
yvearlings (smolts) have reached a fork length of 17.4-25.1 cm
{av, 20,7 om) and a weight of &0-160 g {av, 90,3 g). Among the
downstream migrants sampled [uchternnyel im 1951 in the Chernaia
River, those of fpril and May comprise 21%, those in July were 18%
and in October 61%. The length of all the sampled migrants was
from 14 to 26 em {av, 19.% cm); among them 77% weve between 16 to
22 cm. The length of the smolts caught during May and June in the
sez was from lh to 30 em {(av. 20,5 em). By back calculation from
the catches of migrating salmon we obtained the same average
{smolt] lengths 20.2 em (from 9 to 40O cm, of which 78% are {rom
16 to 26 em),

, The downstream migration of the young of the Black Sea kumzha
hegins in the spring and lasts throughout the summer and autumn,
Towards winter apparently all the swolis have left for the sea.

11 of the Black Sea anadromous kumzhae-=the salmon--and their
river life during theilr second wvear, aud migrate to sea at age 1+,
So short a period of river 1ife inm this form i3 assoeciated with
the rapid rate of growbth, which in turn is related to the tempera-
ture conditions and, apparently, good feeding conditions in the
nmrsery rivers,
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NATURAL AND ARTIFICIAL PRODUCTICH OF THE STOCKS

Ppoduction of stocks of Black Sea kumshs is favowrsd by the
following factorse: 1) large extent of wthe spaﬁnlng aresa, in which
must be juoelvoded the places of reproducticn 2f the trowh,
including small rivers that H@Lmun vy but from which
migration ho the ses may @ﬂ@df° ) of growch of the
young, which reach smelt size “*.fu, ‘,;:,--k,u rru"m hey  43) early maturit 97
of the kumzha and ite hahiu of spawniing svery years LY the
relabively high ’w(Aﬂﬁ*ty of the ansdryomous fori., In spite of the
favourable clroumgtances Just mentione neither the natural

production nor the nmwag@numﬁ PR e ”wp“ﬂd ur e wow have
been able Lo inersasse the obunds o t'@ shock of salmen fn the
Black Sea, which remains at a very ?@w level, I belliéve the cause
of +this is primar* bhe yeareround £ishery for trout; because of
this, not only 1 Hhe general Ep ¢ 2407 breeding stock decreased,
but alse the gunber of young f h “which resch the sea is reduced,
becanse “Wang with the troub moL s are caught , which have already
begmn o swim vo gea, An@ghe% very unfavourable circumstance for
production 18 the p@ﬂﬂuﬁng that ccours on the Abkhazifad rivers
both prior to spawning and also in the gpawning peviod (gpearing

on the redds). Increased protection for the salmenids in the
gpawning rivers, slimination of p@awhlng9 and regulation of the
trout fishing industry, will gradually meweve the situation; but
all of thig cannot bring the stoczs up to the level at which
salmon in the Black Sea will becoma of commercial inmporiande,

The hatchery of the Chernais River Station is supposed to
take 100,000 eggs vearly for incubation, and to release all of the
product , among Wb¢ﬂh voung fish of migrant size should number
82,000 p;@@bg, Commercial veburns are expscted wo the number of
2)%, that is, about 20,500 pieces or 80011000 centners of salmon,
However for fish cultural work on such & scale the size ol the
rearing facilities of the hatchery are insufficient,

Reviewing the results of rearing voung salmon in ponds
natural foods, B, I, Cherfas came to the conclusion that “with
correct choice of ponds and the provision of measures which permit
the reaving of g food fauna {or the young, the productive outpub
can be taken as L00-120 kg per hectare? (Cherfas, 1950, p. 224),

In our establishment there is only 0,76 heetare of ponds,
which are far from being well adapted to introducing an inbensie
fied cultural program., At the rate of production mentiloned by
Cherfas, we @ould anticipate @btdlﬂiﬂg from the existing pond
area 91,2 kg of produect., &b the usual average weighﬁ of migrant
voung Black 3ea salmon (dr uhe begl nﬂﬁng of the npﬂ&ng of ibs
second vear) this will give 1800 fish in place of the anticie
pated 82,000,

Ag far as I know, artificial rearing of salmonid young to the
smolt stage is nowhere practised in our halcheries, Even the
rearing of : Aﬂgefl)mg gsalmon has not got bevoad the stage of

1
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experimental work., In view of this the projected results of the
Chernafs River hatchery seem to me unreasonable, For the present
the rearing of salmonid young can consist only of experimental
efforts, divorced from preduction assignments. In any event, in
the years immediately ahead the productive activity of the Chernaia
River hatchery can consist only of the release of young at the fry
stage, But to¢ improve the favourable effect of this it is
necessary toc increase the collsction of eggs for incubation as
much as possible,

Doubts exist concerning the usefulness of rearing salmon by
release of the product in the fry stage. I believe that even this
measure can be Very much more effective than natural reproduction:
with artificial fertilization and incubation the loss of eggs is
many times less than with natural spawning. Therefore the favour-
able effect of releasing fry may be regarded as certain. The
whole matter depends on the scale of the work--the number of eggs
obtained forxr incubation,. ~ .

There 1s one further consideration: the level of release of
young into the river is limited by the food resources of the
latter. The observations which I made earlier give reason for
believing that the abundance of the salmonid population of the
river is regulated by the degres of migration downstream to the
sea, and that adding to the level of the population in the river
will not lead to overpopulatien but to an increase in downstream
migration, and consequently to an increase in the abundance of the
migratory stock at the expense of the freshwater stock. From the
point of view of production ef salmon stocks, this seems to me a
favourable factor.

[page 2411 However, I do not suggest limiting our efforts in
producing salmon stocks solely to the release of the maximum num-
ber of fry in the Chernafa River, leaving everything else as it
is, Considering the river as a site for rearing the young fish to
the age of migration, and the sea as a foraging water; and con-
sidering that some part of the young fish, after reaching this age,
do not migrate to sea but remain in the river and constitute an
unutilized reserve of potential salmon, we should make it our
object te'dchieveithe maximum departure of young to the sea for
feeding., This objective can be achieved by an annual fishing-out
of the river and transplanting the young fish to sea-~the second-
year salmon/trout--and also some of the sexually mature trout.
Part of the sexually mature trout retained must be put in holding
ponds for utilization as spawners {of this, more below), and the
remainder can be used commercially. This annual fishing-out of
the river will result in improved conditions for rearing the young
figh and will increase their survival rate.

Thus, in fact, we do not object to rearing young fish to the
age of migration, but we propese to do this under natural condi-
tions in the Chernaia River. Because of its rather short length
(18«20 km), the Chernafa River can be used as a rearing water for
the Chernaia River fish hatchery if the latter is provided with '
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the necessaxy aequipment for the propoged management measures,
This will give better results than using rearing ponds at the
hatchery, with less expenditure of labour and materials,

To increase the collection of eggs appears to me guite prag-
tical, The sigze of the salmonid spawning stocks of the Chernaia,
Bzyb and Kodor Rivers makes it possible %o count on o considarably
larger collection of eggs than at the present time, In addition,
we may and we must use asg spawners the non-anadromous troub~kumszha
(the reason for this was given akove). In any event, fertiliza-
tion of salmon eggs by the milt of the male trout is not iny
permissible (and under our ceonditions unavw;dabie), but it is also
desirable, We have in mind the studies of Darwin, as elaborated
by I. V. MJﬂhurln, on bhe importance of erossing males and females
(of a single species) which differ in regpect to place and ceondi-

tions of feeding, or origln, The recommended heterospermous
fertilization is possible for us only by using male trout.

Thus at the present time a system of fish-cultural measures
for wncreesing stocks of salmon for the fishery in the Blaak Seg
must include, in my opinion, the following:

1) Collection and incubation of galmon and trout eggs in, the
largest numbers possibley 2) release into the Chernafa River of
ﬁheir pfoduﬁ? at the fry stage, or as fingerliugs 1-2 months old;
3) ecatehing in the river and transportation to the sea of secon&%
year ua]mun/hruut and, to some extent, of mature trout., These
measures must be continued for as long as the problem remains
unsolved of rearing young fish in p@nd5 and basging of the Chernaia
River hatchery to the downstream migrant stage, or at least to the
lautumn] fingerling stage, But I believe it 1s wery likely that
rearing the young fisgh in the Chernafa River, with yearly trans-
portation of these young to the sea, will always be more economic,

The proposed basic plan for fishucultural'measures to increase
the stocks of Black Sea kumzha gives high pfi@rlby to the iollowing
scientific research work:

1} perfection of the biological techniques of holding 5pawner5°

2) s%udy of the embryonic developmen? of kumzha under the con-
ditions of incubation that prevail In the Chernafla River hatchery,

[page 2421 3) a comparative study of the survival of eggs of
salmon, trout, and their cross, and the hardiness of the young of
these different originsg :

L) study of the Chernafd River as a nursery water for the
hatchery, the 1life of the young fish in the river, and the dynamlou
of their downstream migration;

5) study of the marine migrations of kumzha, and their return
as commercial-gize stock,
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