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EFFECT OF VARIOUS FOOD ORGANISMS OM v
FISH GROWTN AND COMPOSITION OF FISHERY COMPLEXES

[Pollowing is a tramslstien of an artiole entitled
*Differences in Bielegical Cheracteristics of Peed
- Organisms a8 & Faster Determining Fish Grewth and the
Compouition of Fishery Complexss”, by B, ¥, Medunihov*
in the Russisn-language jourasl

(Problems of lchthyology), Meecow, » » N
PP 2”‘30‘.] L

The question of factors which influence the rate
of growth of fishes 1s still open to discussion. Numerous
investigations carried out by various authors have been
unable to clarify conclusively which factors should be con-
sidered as determining ones, viz., abiotic (temperature,
salinity, etc.) or blotic ones (for example, quantity, calo-
ricity and accessibllity of food objgcts). Undoubt+edly,

such a complex phenomenon as growth of the organism depends

-on a number of factors and each of them, under definite con-

L
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Eiom, may become a determining faotor. The present work
1s devoted to the anslysis of one of the factors determining
the growth of pelagic fishes which, apparently, has not been
given proper attention up to now. |

Por several reasons, it will be more convenient
to bepin from a conorete example. I.I.Nikolayev (1956),
while studying the causes of slow growth, fattiness and
rapid sexual maturation of the Baltde ®"salaka" herring
(Clupea harengus membras L.), arrived at the conslusion
that this phenomenon cannot be oaphimd by the lack of
food, since the plankton of the Baltic Sea ia sufficiently
abundaﬁt. Faotors causing a slow growth of salaks, acocording
to I.I.Nikolayev, are low winter temperatures (below 2°) at
which salaka does not feed. Winter intermissions in feeding
e ing aboui the fact that four-year o0ld salaks hardly attains
16-17 om in length, while Korway herring of the same age
reaches 29-30 onm.

The hypothesais of I.I.Nikolayev is undoubtedly
well-grounded. Nevertheless, it does not explain a nmmbder
of facts. In particular, in the Baltic Sea, apart from &
smll herring species, there is also found the so-called
glant salaka (Riesenstrimling) reaching 27-28 om of longt!i
E_itl £ifth year of life (sv:tovidov, 1952). Another _.l ’
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rplanktophage of the Baltic ;u. vis., Baltic spratt —]
(Sprattus sprattus baltiocus Sohn.) reaches 12-13 om in
length at three years of age (Svetovidov, 1952; Kasanova,
1960), while a related form -~ S. sprattus phalericus (Risso) -
living in the 3lack Sea hardly attains 7=9 em in length
(Svetovidov, 1952; Aslanova, 1954 ). Why, then, does the
thermal regime of the Bgltic Sea not prevent the growth of
the biz race of Baltic salaka or spratt? We will add that
' the herring of the Penzhinskiy Bay of the Sea of Okhotsk,
the thermal regime of which is incomparably severer, dige
plays a considerably higher rate of growth, viz.t

Length, mm ¢

! ‘ :
Age l1e! 2¢] 34| o' Se 64'74 8¢ 9¢ | 10¢
| i
3alaka (Kopore !
i

skaya Guba) -- 11;.3‘157 170 179{18L | = | =« | =« | =
Penzhinskaya !
herring
(according to ; .
. svetovidov, 1952) | 62 1295183 227/258(279|294| 305| 216325

It 18 significant that in the second year of 1ife
salake 1s bigger,but subsequently Penzhinskays herring oute
strips it. These facts, as vell as a number of similar facts

. -



T-Bause us to assume that tho_§r1n01p31 factor detorm1n1;;1
the rate of growth and maximal dimensions of pelagic fishes
is the qualitative composition of their food, or more exactly
the size and weight of objects serving ;n their nutrition.

At present, the majority of researchers.(Oreze,
1939, et al.) azree that plankton-eating fishes, with rere
exccptions, are not passive filtrators, as assumed, for
exariple, by wWunder (1932), but catch the food objects one
oy one. They differ from prodatory fishes (Ivlev, 1955)
only by size of the preferred cblecty of food. According
to V,S.ivlev, the neasure of asymmetry* of the curve of the
ozcurrence of hoterodimensiornl orzanisms in tune ration of
planktophages is positive, while in the case of predatory
fishes 1t 1s ne~ative, Consesuently, the overwhelming ms jo-
rity of pelepic fishes must be considered as p'ehensors
(Beklemishev, 19752) or hunters (2ernov, 1949). AS we ale-
ready noted, filtrators are rare. These are the silver carp

(I7ponhtreImichthys molitrix, Val) feeding orn nhrtonlankton

*
The measure cf asymetry 8 1s obtained from the formula

A

.} . .
Se -—-&-—3— , whera n deaisnates devirtions from the mean
n

size of preys, O 1is root-mean-square deviation, and n is

~

the number of variants,
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r(aorutnkty. 1950), the pudd;otuh (rolyddoa spathule m;l)
(Kofo7d, sccording to Nikel'skiy, 1954), snd the basking
sbark (Cetorhinus maximus Gunn,). The feeding of the latter
species is dnnur to the feeding habits of baleen whales.

It 1s interesting to note that sctively moving
filtrators are enoountered only among small animals (Rote-
toria, cogepodn. Cladocera, Mysidacea, Appendicularia), as
well as among the largest ones (whales); animals-filtrators
whioh f£ill this dimensional break are sessile or little
mobile. It is possible that straining of food is, from the
o;orgy viewpoint .obnnniont only for the largest and smallest
mobile animals. But at present we are interested in prehen-
sors. The analysis of a number of works by V.S.Ivliev (1944,
1945, 1960 and others), in which the dependence of rations
‘of fishes upon mean concentration of feeds, nonunifomity
of their distribution and length of the "hunting path" is
being discussed, prompts us to conclude that plankton-eating
prehensors may feed on organisms having only definite dimen-
sions; the upper 1imit of the sise of prey is determined bdy
the opening of the ostium and the lower one by the density
of the straining net of gill rakers. At the same time, feedirg
with very small organisms even with the aid of retaining gill

rakers is not advantageous for a planktophage since in 3
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rouo of oorresponding diopo;uon of preys the energy ou-t_-]

lay for their search 1s not compensatsd for by the energy
contained in a rntion’. Hence, it follows that a pelagie
fish may grow to a definite size only in the presence of
corresponding feed organisms since feeding on other organ-
lams ia either physically impossible or is not advantageous
in terms of emnergy. From this viewpoint, let vs examine the
nutrition of salaka and other pelagic fishes according to
the usual dimensional groups of their feeding objects:

1) mesoplankton (Oopepoda, Cladocera and others),
dimensions of & few millimeters or leas;

2) macroplankton (Euphausii{dae, Hyperiidsa,
Mysidae), dimensions of the order of 1«3 cm;

3) miocronekton (shrimps, large Gammaridse, imma-

ture fiah), dimensions over 3 ecm.

According to G.V.Boldovskiy (1941), herring of

SRS CASS

*Te length of the "hunting path" (1) does not increase
proeportionally to the smallness of preys since it increasea
according to the formula  « v(t, ¢ t,), where v is the mean
speed of fish during feeding; t, is the time spent in hunting;
ty 1s tims spent in prey swallowing (Iviev, 194L). Naturally,

ty can never be equal to O, or even approach 1it.

— ]



T'Ehe Barents Sea, tutten&ng'ahdor conditions vhich we o;;j
sider es optimal ones for the given species, feeds mainly
on BEuphausildae (655 of alimentary bolus) and Oslanus fin-
marchiocus of IV-V stages (27.6%}. Transferred into the
Baltic Sea, the North Atlantic herring encounters different
conditions since in this water body there sre no Euphau-
siidee and lerge Calanoida. The largest copepods of the
Baltic Sea, viz., lenoonlanﬁllgrimnldii and Pseudooslanus
elongatus, hardly reach 0.35 and 0.087 mg (Bodnek, 1953)
and the other forms (Acartila, centrcpngés, Buryterora,
Bosmina) are still smaller. Befors ioaching 1011 om in
length, the Baltlc herring is compelled to fe¢od on small
crusteceans passing thereafter to nektobenthonic Mysidae
replacing Euphasiidae (Sushkine, 1953) (Pig. 1). Finding
oneself in such conditions, the herring may adept itself
to them in two waysx'it may change into small, rapidly
maturing salaka, since a further growth is not advanta-
geous from the emergy viewpoint, or, preserving a high
rate of growth, it may become a predatory fish consuming
nicronekton. In fact, a giant salaks feeds on stickledaock,
Umature salaka and spratt (Schneider, 1908; Svhtbvidov.
1§52: Berg, 1948); there 1s no doudbt about its predatory
way of life. __J
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Fig. 1. Food compositicn nnd dimensions
of Murmansk herring (Clupea harengus ha-
rengus Linne) (a) and Baltic salaka (Db)
on the fourth year of life (according to
Boldovskiy, 1941 and Sushkina, 1953).

1 - mesoplankton; 2 - maeroplankton;

3 - micronekton. Dashed curve - absolute
length of the fish.

It is possible that a2 similar way of adavtation
to dirferent feeding objects was responsible for differen-
tiation of herrings inhabiting theo White sea‘into small and
large races. All the diverse White Sea herrings (Tambovtasev,
1957) may be subdivided into small ones maturing in the 2nd-
jrd year ané large ones maturing in the Lth-5th year of life.
A similar analogy between salaka and White Sea herring 1ls
also pointed out by N.A.Dmitriyev (1958).
The interdependence between the growth of pef:frc

|-
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- rthhn and composition of their £ood may be most elurl;-l
traced in the case of Caspian Clupeidae of Alosa and Clu-
peonella genus. Small Caspian mesoplankton (Burytemora
grimmi, Calanipeda agquaedulcis, Cercopsgis, Evadne) is
consumed by Clupeonella delicatula caspia Svet., reaching
60=90 mm in length (Barysheva, 1951). With inorease of the
dimensions of Caspian representat ives of the Alosa genus,
mesoplankters aisappear from their diet, and then macro-
plankters (Myudao)..'rho largest Caspian herring -~ black-
baocked shad (Alosa Kessleri kessleri) - i3 a fish of prey
wnich consumes nainly C.delicatula (Pig. 2).

All the abovesaid is not new. G.S.Karsinkin (1952)
convincingly demonstrated that grown-up young piokerels can
already feed on plankton. Cases are kmown (Tyurin, 1935)
vher perch living in lakes where no other fish are present
subdivides into a small race feeding on plankton (usually
males) and a large race {ususlly females) consuming small
representatives of its own lpeoiia. Already in the 10th
stage of its development (45-60 mm of length), the zander
becomes a fish of prey, although it can use shrimp and
Mysidae if they are available in a water body (Konstantinov,
1955), and 1ts growth is delayed if macronektonic organisms
are unavailsble, as pointed out by N,I.Syrovatskaya (1959).

| -
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Pig. 2. Composition of food and maximal dimen-
sions of Caspian pelagic fishes (according to
Ostroumov, 19473 Svetovidov, 1952)., 1 - Blaok-
backed shad; 2 - "igrakhanka" herring (Alosa
brashnikovi agrakhanilka, Michallowsky); 3 - -
"Dolginka" herring (Alosa brashnikovi brashnikovi,
Borodin); 4 - Bimyod ahad (Alosa saposhnikovi,
Grimm); S5 - Cesp shad (Alosa caspia); é - Clue
peonella delicatula caspia. Other desigmtions
are the same as in PFig. 1.

3.3.Vinberg (1956) calls this phenomenon the blologlcal
inequality of food value and suggests that "feeding on
sooplankton, beginning from certain dimensions of fish,
may be connected with a low rate of growth". The ma jo-
rity of researchers consider age variablility of feeding

l as a funotion of growth: in faot, these phenocuena are __j

— 10 —
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T-Bbviously interdependent. - -‘]

Differences in tho rate of growth of fish living
under different conditions are satisfectorily explained by
biolopically different quality of feed organisms. Thus,
for oxample, it becomes clear why lake forms of herrings
having fow vertebrao are asraller than oceanic ones: nine~
year old Olyutorskayas herring reaches 4O0.7 om of length,
while herring of Nerpioh'ye Lake attains 31.0 cm (Sveto-
vidov, 1952). The same nattern is observed in landlocked
and anadronous salmonidee consunming plankton., The sockeye
(Oncorhynchus nerka) in the open sea reaches 56 cm in length,
while the Jesh~vnter M1, in Kronotsioye lake attains only 2L4.3
em (Krokhin and Krofius, 1936).

The mass plankton organismsof continental water
bodies are, as a rule, smaller than marine ones; this 1s
especli-lly true of the most 1ﬁportant Teed objects of fish,
viz., copenods. iiost probably, 1t is exectly for this rea-
son that plankton-eating fresh wator-fish are much smaller
than marine ones and, at the same time, thoy sre charac-
terized by & rapid maturation and short life cyecle (Baltic
lake smelt, bleak, cisco) or by e slow rate of growth (blue
bream). The latter spacics living under very [nvorable

feeding conditions of the Ryulinsk water storage rescrvolr

|-



T7reachea. at ten years of aég, only 32 em (Yurovitskiy,.-]
1958)., Excentions from this rule are rare. Thus, for
sxample, the Balkal omul (Coregonus automnalus migrato-
nius Georgi)lis consideraﬁly larger than other plankton-
sating coresoriines. But, one must take into consideration
that this speei~s lives under {svormable conditions of Baflkel Iale
where the vegetotive period is longer (Svetovidov, 193L),
and where larpge pelagic crustaccans {Macrohectopus bra-
aickii), or srall ones (Epis~hura baicalensis) in large
soncentrations, develon. The dats of Ya.3.Potakuyev (1954)
nrove that the adult omul feeds or Epischura 1f the con-
ssntration of thie cruata;ean attains 30,00C=35,000 per m3;
1{ it docresses, the cnmul turns to a substitute food. At a
dopulation of Epischura telcw 10,00C per m3, the omul feeds
on Anmphilnoda and lmmature Comephorus. Anparently, the out~
lay of encrgy in search of Eplschura at tnhis concentration
is rot compensated foi by the encrgy of the ratlon even at
the lov tempmerature regime of Balkal lake.

It is ¢ell ¥nown that warm-water (south-boreal and
tronical) nlankters, especlally copepods, are considerably
ameller thern enld uater . larkters, A.¥X.Goynrlkh {1661; points
out Zhet in tropienl rlanitton Coperoda reasuring C.35-0.54 mm

preconinste, wnile Jimenzione ol O.5hu=C.91 i are less often

lee

—— 1



rto\md: boreal Copepoda (cu:nus finmarchiocus, C. crintoj
tus, C. plumchrus) are S5 to 10 times larger. Remce, it
follows that tropical and subtropival plankton-eaters
should be considersbly smaller than boreal ones. This is
exactly what hsppens: according to T.S.Rass (1960), the
main commercial species of plankton-eaters of north-boreal
waters of the North Atlantic snd North Pacific Oceans 1is
the herring (maximal dimensions up to 50 om); in the south-
boreal region such fishes prodominato' a8s the sardine, apratt
and snchovy, dimensions of which fluctuate from 15 to 25 om.
This phenomenon'is expressed inost sharply in tropical waters
wvhere, in addition to small plankton-eaters - Clupeidae,
we have flying fish. Feeding on plankton is all the more
disadvantageous for large tropical fish since the fat con-
tent in it sharply decreases (Bogorov, 1960), while on the
contrary the outlay of energy for metabolism increases be-~
cause of the high temperature of water despite the adaptive
decrease of the intensity of metabolism (Vinberg, 1961).
This probably explains a décruu in the rate of
_growth of pelagic fishes living at the southern boundaries
of their habitat. is an example may serve a decrease of fha
growth rate of the mackerel (Scomber scombdrus L.) according
to Aker (1961) and Lissner (1937) in the latitudiml di_-_j

—13 —
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Pig. 3. Rate of growth of mackerel (according
to Aker, 1961). 1 - North Sea; 2 - Brittany;
3 - Bosporus; 4 - Adriatic Sea

rection - from the North Atlantic Ocean to the Bosporus
and Black Sea (Fig. 3). One may assume that the cause of
the slow growth of the Black-Sea cold-loving forms (aspratt,
whiting) liles precisely in the food ocomposition and not in
the direct action of temperature fluctuations, as maine
tained by Yu.G.Aleyev (1956).
A direct consequence of the reduction in sise
of plankters and planktophages in warn waters is the in-
crease in the population of fishes with mixed feeding and
‘ in that of medium-sise fish of prey, feeding on small {l_l}.

— 1 —



T-Ho shall recall that :.nﬂa_muk Sep the saurel mom;L
trachurus is represented by a small plankten-feeding raes,
as well as by a large one of prey. A similar phenomenon was
noted in respect to the Baltic herring. '

. All the abovesaid may be sumed up as followst
with freshening and warming of the water reservoir, the
planktonic organisms become smaller; as a result of this,
the plankton-eating fishes also grow ama’ler. Katurslly,

R the question arises of how to explain the reduction in

size of plankters in warm and fresh waters. Of course,

it is possible to sssumo that we are faced with the re-
‘sult of a direct effect of temperature (Bogorov and Pre-
obraghenskays, 193i). But another reason is also possidle,
viz., the growing smaller in low latitudes and fresh waters
pr representatives of the initial link of food chains -
phytoplankton. According to N,V.Morosova-Vodyanitskays
(1957), phytoplankton of the Black Sea may be divided into
three dimensional sroux;u ,

1) cell dimensions over 50 p - Diatomese (Rhiso-
solenia, Coscinodiscus, Chaetocerus) and Peridineae (Cera-
tium, Peridinium);

2) cell dimensions 20-50 m = Diatomeae (Cyolo=-
_tella) and Peridineae (Exuviaella oordata, Gonyaulax); __J

i '
—
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r 3) eell dimensions less than 20 & - Goseolithol
phoridae and smell Dinofligellate.

In waters of seas with sharply expressed seasomal
variations, there altermately m'odouub mpecies of one or
another group, but at higher latitudes the species of the
first group, vis., large Diatomess, p.ronﬂ. The south-
boreal and especially freshened water reservoirs (Caspian
Sea, eto.) are charscterised by a predominance in phyto-
plankton of species of the 2nd group (Exuvisella cordata).
Pinally, in tropical latitudes, the main role is played by
the smallest Coocolitbophoridn.. Flagellats and small Di.
atomeas (Riley, 1957; Hentschel, 1928). Thus, according to
the data of Hasle (1959), at the experiment stations in the
equatorial gone there were encountered L2 species of Di-
atomeae, 53 of Dinoflagellata and 33 of Coccolithophoridae,
whereupon the majority of Diatamese belonged to amall spe-

cies not exoeeding 50 [ L Bxoceptions (as the glant tropical
Distomea Ethmodiscus rex) are comparatively rare. ‘

~

®Meir population may be small and sometimes it is smaller
than that of Diatomese (Hasle, 1960), but their yield is
oconsiderabdble becsuse of rapid reproduction (Morosova-Vodya-

nitskayn, 1957)

- -
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r Naturally, o:hno;.:h of boreal waters are rou;l
filtrators and prehensors (Beklemishev, 1954). Warm-water
Oalanoida, because of their inconsidersdle dimensions and
finsr structure of filtrating apparatus, are oapsble of
usirg smaller algae for food. A,K.Geynrilkh (1958) points
cut that "in the tropical region, unlike in the moderste
one, the ghnt-utmg copepods are using, spart from Di-
stomese, also Coccolithophoridse and Silicoflagellata to
a considerable extent. At the same time, in contrast to
the moderate latitudes, apart from comparatively large
;:vht.omouc, 8130 very smsll cnes (less than 11 4 in length)
are being used."

The same author points out that in -the nutrition
of Calanocida 1 mm in length (predominating in the tropical
plankton) there prevail Diatomeae smaller than 11 u, 1.e.,
belanging to the 3rd dimensional group. K.V.Beklemishev
(1941) also arrives at the conclusion that “orustaceans of
smaller dimensions do not consume or poorly consume large
cells or cells groupod' into coloniu," while large Cala-
noida do not oatch algse smaller than 10 m.

In waters of Soviet south seas, where, depending
on the season, various phytoplanktonlc complexes are en-

courtered, Calanoids capable of consuming algae of azrr_.]

—_—17 —



I';ont sises developed on a w;ao scale. Thus, the Blaock !;:]
Acartis olsusi (Petipa, 1959) may consume Diatomeae and
Dinoflagellats measuring from 100 to 5 4 . It &s worth
noting that Calanus helgolundicus - the largest copepod
of the Black Sea =~ according to the same author (Petipa,
1960), consumes Nootiluca miliaris, which thus serve as
an intermediate alimentary link between it and small algto;

The abovesaid compels us to sssume that the cause
of decrease in size of warn-vater and fresh-water Calanoida
is not a direct action of temperature dbut also of food com-
position. In connection with this, we shall note that fine
filtrators, vig., Calalocera, are slso characteristic of
fresh waters. In the sea we observe a mass development of
only such fresh-water species as Penilia svirostris which
can filtrate particles not larger than 8 Mo '

The cuestion of the cause of the predominant
development, in tropical and continental waters, of small
but intensively reproducing autotrophic specles atill re-
nains opeh. The temperature can hardly be ﬁha sole cause
and, most probably, to explain thias phenomenon it will be
necessery to take into account also the seasonal fluotua-
tions of 1llumination and blogenic elements.

The logical development of all quoted considera-

-
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miom is the following thu;u the length of nl.imonn:t'y“-lI
chains of maas pelagic organisms inoreases from the poles
to the equator. we will quote a few such examples. The most
widely distributed planktophage of the Arotioc basin is the
polar cod (Klumov, 1937). According to the prelininary data |
of S.K.Klumov, it feeds on both phyto- and sooplankton;
from the chsracter of its diet, it should be considered as
belonging to the second and third link of the alimentary
chain. Almost all predatory fishes, pinnipeds and oceta-
ceans (in particular, the white whale) of high latitudes
c;i‘ the Arctic feed ofx the polar cod. Therefore, the food
chaln beginning with primary producers, viz., phytoplanke
tonic algae, and ending with terminal 1inks® (wvhite whale),
contains only 3«4 links:
phyto= and zooplankton = polar 6od = white whale
The alimentary relations of the pelagic sone of
the boreal waters of the Atlantic and Pacific Oceans are
mostly four-membered. The alimentary relationships of the
herring feeding on planktonic orustaceans may serve as an
mmml links of the food chain we understand ani-
mals eliminated from the water reservoir or entering the
cycle of organio substance only in the prooess of poste
3 humous destruction, __J

—_— 19 —



Tj;xamplo. The herring servnl‘;o food for sharks, dolphin;-1
and some striped whales. Naturally, this does not exclude
the existence of shorter and longer chains.

In the tropiosl waters the alimentsry chains .
are longest since zcoplankton serves here c.'rood for small
fish (sardines, anchovies) which are, in turn, consumed by
large fish (tunas, predatory clupeidne,.golden meckerels)
and squids. Fishes which, in low latitudes, reach the 4i-
mensions of the North Atlantic herring are no niore plankto-
phages but predatory fishes, 1.e., they already belong not
to the third but to the fourth link of the food ohlin..ThOIO
organisms, in turn, serve as food for sharks and especially
for large squids. In the tropica, there are no giant plankto-
phages apart from rarely encountered whale shark Rhineodon.
Baloen whales, wintering in warm waters, are not feeding
here. The most widely distributed whale of the tropics, the
sperm whale, feeds on the last links of the slimentary chains,
viz., giant souids and sharks (Sleptsov, 1955).

In waters of high latitude of the Anterctic, we
will £ind probvably the shorteat food chain leading from
rhytoplankton to glent planiktophages. They are linked by
the :iost common species of the Antarctic, the crustacean

Euphausia superba. According to the data of Barkley (l?&ff.
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[this orustacesn feeds nl.mos; exclusively on ph.rtophnkﬁo-;l
while 1tself it constitutes the bdasic component of the diet
of penguins, pinnipeds (orab-eating sesl) and whales down
to the largest of ever-existing animals, viz., the blue
vwhale, |

Tha theaes developed in the present article are
h&pothetioal to a great extent since they are not supported
by sppropriate calculations. This is caused by the defd~
clency of the present-day hydroblologlcal methodology which
operates with the mean values of the population and biomess
of alimentary objects. Acoording to V.S.Iviev (1955), the
ration ol the fish, r, may be expressed by the formulse

~(kp ¢ c8)
r T R [1 - 10 ] , where R is tho maximally pos~

sibls ration, p 1a density of nrey population, k and ¢ are
provortionality coefficients, and U 4s the indicator of
the aggregateness of prey distridbution. In their works,
the planktologists teclitly start from the condition that

T « 0, i.e,, the feeding oblects are distributed with
absolute uniformity. But, this is far from being so. Prace
ticelly, the larger tha planktonic organism, the higher
the indicator of its aggregateness; it is known that

Euphausiidae, Mysidae and other macroplanktonic organisms
_ -
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rotu in flookss § = O bobh}or Copepoda and ahdooon.—]

An approximate count (which s onitted) loi&n

to a pnradoxio.nl conclusion; Cresh-water plankton, under
conditions of uniform distridbution, cannot coampensate fer
the outlay of energy for its oonquest by fish of such sise
as the blue bream, Lake Chud whitefish or "ripus" (Corego-
nus albule ladogensis). Hence, there is s clea: necessity
for determining the indicator of the aggregatensss of ali-
mentary objects of industrial figsh. This value corresponds

(Ivlev, 1955) to the mean-square deviation from the mean

2
biomass, § = .!.:..L « On this basis, one may suggest the
n

simplest moi:hod for determination of the sggregateness indi-
oator: 1if, borord. planktologiats were content with taking
one sample, now it 1is necessary to take several nmpiu in
one horizon and determine not; only the moan biomass but

also the deviations from 1it. The lack of time at experi-
ment stations will probably not permit, in the majority of
cases, the multifold inerease of the mumber of samples and
therefore it will be prefereabdle to determine the indicator -

of aggregatensss from the formula § e 1/22 (Urbakh,
N e !

1960). The minimal number of saxples necesssry for suffi-

cient accursteness in determination of this value must be

-

—
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[ probably ostablished empirically on the besie of  suffi]
cient selection quantities acccpted in blometry.

The second indispensable condition, as pointed
out by V.S.Ivlev, is the correspondence cf tho volume of
tho sample to the area of a single fceding of the studied
objects, and here we vwill have to establish this volune
enpirically. Naturally, a sharp increase of the number of
samples to be nrocessed will delay the processins of the
material but this can also be avoided by applying repid
methods of sample processing (ilednikov, 1961; lednikovw
and Starovozatov, 1961).

In the presont article, we deal with pelagilc
fishes but there 1s no doudbt tnat biclosically diilferent
qualities of food also exert an essential inlluence on the
srowth of venthophages. This is attested to, in particular,
by the follcuing fact. The roach, feeding on vlanliton and
benthonic crustaceans, is characterized dby slow growth as
compared with roach of those weatlar vreservoirs where the
basic component of its fvod aro mollusks (Zheltenkova,
1¢119). In this 2asc, the question is only comnlicated by
other actore (nresence of shelters and other forms of
constitutional protectadness of prey); an an-tlysis of these

]

factors was given by E,V,.Borutskly (1960).
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T- The theses dovelos;d may be of practical sisﬂzq
ficance in a number of cases. This is seen from the fol-
lowing example. As 1s known, in the Aral Sea there were
praotically'no vlankton=eating f£ish, and during the last
decade the Baltic salaka was Iintroduced intc this water
reservoir. The result of this measure was successful at
first alght (Konovalov, Markova and Binting, 1958):
salaka was transformed into a large, rapldly growing rsce
of the type of "Riesenstrimling." But all the authors
wno atudied plankton on the Aral Sea notéd its extreme
quantitetive and qualitative poorress. The data of N.K.
rukonina (1960) permit u; to consider that the annual proe-
duction of Arsl plankton is tens of times less than the
plankten production of the Sea of Azov - 2 water body of
similsvr ares, =alinity and locstion. Hence, 1t is élgtr
that planktonhages in the Aral Sea are few , most proe
batly becsuse they camnot exlst there. It is pvossible
thaet salaka in the Aral Sea, besidea amphipodans (Kono-
valov et =l., 1958), consumes the young ol other fishes.
Por this reasou, the acelimatization of salaks (fish of
low values but which ¢can cause damage to valuable fish)
in the Arsl Soa wa3 a thoughtless step, the success of

which should be derlored more than would be its fallure. Suc‘h
o -
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‘T_ouu are not so rare. W -;an recall, in particular, _]
that northern whitefish transplanted into Lake Sevan
likewise d1d not elect to feed on plankton bdut passed to
feeding on amphipodans and became competitors of Sevan
trout; accordingly, the rate of their growth ;mrnnd.

All the abovesaid 6m1ncu us that the dimen-
sions of fishes and their rate of growth, although
are determined by alimentary relationships, cannot im all
oases constituta & proof of the extent of the feeding base.
In the same way, the biomass of the plankton, without com-
sidering the dimensions of plankters composing it and dis-
persion of their distridbution, cannot characterise the
conditions of feeding of planktophages. It seems to us
that quantitative investigations in this direction would
shed light on many unexplainad features of the biology of
fishes and other aquatic animals.

Reocelived
30 November 1961
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