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" In two preceding papers C' 5, 6] a quantltatlve method of studying
the food competltlon of fish was proposed by us. In the first one,
devoted to study of the feeding and food relations of Caspian'bullheads,
a lack of data on the quantity of food used by the bullheads per unit

of time forced us to compromise and only in the second paper were we

able to describe our method in its pure form. Brlefly 1t consists of

~ the following. The strength of food competltlon between the species
'depends 1n1t1ally on two factorS'flrstly on the character of the food
and secondly on the relation between the consumption of the food by
both competitors and its availability. It is quite obvious that, all
other conditions being equal, the food competition willlbé stfdnger, _
the gfeafer the similarity in the diets of the competing speciea on _
one hand and the ratio between thelr use of the food for which they are
competing and its availability on the other hande It is evident that
we must distinguish two characteristics of competltion, namély: ‘its
volume and its intensity. By volume of competition we mean the ratlo
of that part of the food ration of the consumer-organisms for which
.they are competlng to thelr total food ration. As for intensity, we

mean by it the ratio between the consumption of the food for which the

~eoonn_10--31
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the competitors are competing and its availability. A8 regards the
resulting strength of competltlon, it must be in direct proportlon to
the volume as well as to the 1nten51ty of competition. It may there-
fore be expressed as the product of volume times 1ntensity.~ To cir- .
cumvent the'difficulty arising from not knowing the rate of production
of the food organisms, but only their biomass, a difficulty which
prevehts us from detérmining the intensity of competitidn ovér‘a pro-
tracted period, we proposed calculating the Strength.of food compe=
" tition over a very short period, i.e. the momentary stréngth of food
- competition. ' ‘ ‘ |
He expreused all this reasoning in two formulae:

E = l+82+33+ eesseee n,
 when E is the total strength of food competltlon between -two spec1es,'
and. €] - en the strength of food competition for separate . sp901es or
groups of species of food organisms. These partlcular values can in

turn be ea51ly calculated according to formula

(a1+a2) x300)

_ e = b § : ,
when ¢ is the strength of competition for separate species or a group of
species of food organisms, a; and ap are .respectively the daily ~ o 442

consumption of these organisms by both competitors (calculated in terms
of specific units of weight per bottom area of volume of‘water), b

is the biomass~of.given food organisms in the same  units d the degree
of coincidence between the diets of the competitérs with respect to
the given food organisms (in percentages of this total food stockﬁand
g the correction for the geographical loéafion of the’feeding areas of
the competitors, (expressed in fractions of a unit). The firsﬁ part
.of the formula 1 * 82 gives us the intensity of competltlon, we
deliberately multiply it by 100 in order to avoid large fractions. -
The second part of the formula - d - gives the_vblume of competition,

In order to smplify the calculations, it is more convenient
to write the second formula as follows: S
(100-a; + 100ap 4.
b b ‘

a8 =
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The strength of food competition calculated according to the given
fOrmalae is expressed in units which we named "konkalia". 'Froﬁ-the
formulae it is not difficult to see that a strength of food competltlon,
equalling on "konkalia" will occur whenever the competing species
compete for one hundredth of thelr total food stock and when their dally
consumption of thls food also represents one hundredth of 1ts supply.

By this method we. were able to obtain a general plcture of the
~'foocl competltlon of eight commercial flShBS of the northern Casplan Sea.
The picture, however, was static and gave us no idea whatsoever of the
‘dynamics of food relations. Yet, knowledge of at least the fundamental
tenden01es of these dynamics is no less important to us than knowledge
of the static plcture, since without it we cannot conceive those
changes whlch are sure to come about in the food 1nterrelat10ns of
- fish, be 1t changes in the numbers of separate consumer—spe01es or in
~ the composition and size of their feedlng areas. o

Nevertheless, this side of food interrelations of fish, at least

- from a'quéntitative point of view, has not been studied at all to date.

This was due to the lack of a quantitative method of study of the':
entire question of food competition as a whole., Apart from general
observations and reasdnihg, nothing pertaining to the dynamics of fdbd
wlnterrelatlons of fish has been published. .

. Zheltenkova was the first (3), while ‘studying local and sea-

sonal changes in ‘the nutrition of Rutilus rutllus cagpicus and Abramis

‘brams and comparingthe diets of both species, to turn her attention to.'
a most intefesting‘phenomenon; It turned ouf.that‘in those regions and
in those seasons during which one would, on thé stiength.of_the guan-
tity of fish; size of the food supply and intensity’of-f?eding; have
assumed intensified competition between these two species, the similar-
ity in the éomposition of their food was least. Wishing to verify this
observation, Zheltenkova established the characfer of the food of

Rute rutilus casplcus and Abre bramas by the month (Table l), something

not done before. It turned out that the degree of resemblance between
the diets of both spec1es changes qulte regulatly, decreas1ng from

© spring to summer and increasing anewvtowards autumn, Hence, it turned




he

.out to bé least preéiéeiy in thét.?ériod_durihg which food consumptibn »
was greatest and duriné whiéh the intehsityvof competition ought to be
- greatest. By means of figures Zheltenkova succeeded in establishing a
very important law isee that the valuhelbf nompetitionAis lowest when it
is mosf intense. Hence one could assume the strength of competltion
t? be more. stable than its volume and intensity.

' At present time we may add that growth in the 1nfensity of food
competition is accompanied not only greater dlvergence of the diets of
the compe{ing fish, but also by a divergence of the féeding»&réas.

Indeed, in spring the feeding areas of Abre brams and Rut. rutilus
éaépiéus coincide much more closely than they do ih the>summer and
autumne o E - ._ . . ‘ X
A | Nevertheless, what remains unknown is how the'resulting-étrength‘
6f food competition changes in the end: does it.remain unchanged
because.the divergence of the diets of the competitors and divergence
of feeding areas compensates fully for the growth in the intensity of
competition, ‘or is this oompensatory ‘influence 1nsuffiC1ent so that the
strength of competltlon does grow with the 1ncrea51ng 1nten81ty, and 1f
this is the case, then to what extent? _

On the bgsis of our materlal, we have the opportunity to
analyze this phenomenon more fully than did Zheltenkova and to answer

the questions posed.
| Thanks to the papers of Bokovaya o, 3 and. Krivobok CQJ we
have information on the seasonal changes of the daily rations of both «
Abr, bramg and Rut, rutilus caspicus (Téble,2), We can therefore go a
lot farther in accuracy of calculation than we were able to when
eétéblishing the general picture of food comﬁgtitiona )

Most difficult of all was determination of the quantity
(by weight) of the competing species, especially since we had to
establish these quantities on a monthly basis. On the advice of
G.Ne Monastyrski we accepted the following quantiﬁies of these species
during the months which interested us (April - October) (Table 3).

_ In determihing these’figures the condition of-ﬁhelséhoolﬁwa
both fish at the beginning and at the end of a given.period, the
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: perioda’an& the intensity of their migrations from sea river‘fof
spawning, as well as the change 1n the 1nten81ty of fishing during -
different months were taken into. account. Regardless of alluth;s, these -
figures are merely approximate; their fluctuations, however, are so
insignificant that they.cannot noticeably distort thé final result,

" even if some errors had béen permitted to occur in determining these

fluctuations which are the substance'of'this'discuSSion.

S sonal Chggg__ in the Feedlgg Intensltx of Rutilus rutllus

of welght of the fish

Cnecies of o - Months

Flech i v v Vi | va | vin l x| %
" Rat. rud. caspius .| 3,5 3 o 4 4,5 - .4'5" 4.‘-.:;,5-

Abr. brama 2,5 | L5 2,1 2% 3 2,7 2.8
Table 3
‘ anntlty of Abwamls brama and Rutilus rutllus caspicus in the

N ern Caspian Se a Mont i m>
Species of E © Months -
Fish

TRE HlllV | v [vxi vulvulllx | x | xllxu

. ’ C ’0
Rut. rut, casplzs . | 1,0 10110 71 10617“; 149136 58 59 10[
’ I 15 20‘6 7,4 56 4,0

Abr brama . . .

T e e mme - FRRRET WA S PPN St
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As concerns data on the quantlty of food anlmals, we only had -
avernge flgures for each of the three seasons included in the study.
We established thelrvquantltles per month by way of. geometrlcal -
interpoiation'of seasonal data. We did the same with the data on thé

divefgence of the feeding'areas of both competitors.

. . Subsequent calculations were‘donetthe same way as when esgtab-

~ lishing the statics of food competition. '. o ' |

| The determination of the volume<of‘cqmpetifion once agéin '

. presented no difficuiﬁies. As before we did not take into account the
content-of soil in the digestive tract. Besides that we had- to discard
Cardxloghora ggggg and’ flsh, since we did not have any reliable data

on the hydroid biomass and we did not know whlch partlcular fishes were
belgg dlscussed>1n.a given case. As a result of this our figures differ
somewhat from those of" Zheltenkova. In establlshlng the general

picture of the competition of flsh, we already knew that thecpantlty of
My81dae was underestlmated in bottom grab samples and we had to intro-

" duce a supplementary correctlon for this underestimate. In the glvpn |
case we made_thls correction at the_very beginning. At the end of the
caleulations a correction for‘the relative locations of ‘the feeding
areas was finally introduced. Data_tﬁus obtained is showﬁ in Table 4 B
and in Fig. 1. | | -

In order to be able to compare not only the course of the
changes, but also the 1nten51ty of the fluctuations of individual
elements, all curves in Fig. 1 are given on the ~same scale = in. percent—
.ages of the average for each of them. We see that the plcture, as
-expected, turns out to be not nearly as simple as we had outlined at
the bgginning. In order to understand the biological significance of
the results obtained, we shall have to analyze them in detail. From
April on to May the 1nten31ty of competition between Abramis. brama and

Rutilus rutilus caspicus decreased, but 31m11ar1ty in the dlets

increaseds This occurred because in Aprll Rut. rutilus casplcu
consumed more Goroghlldae (one of the basic food objects of Abr,
brama)thanfin'ail other months which, as shown by Zheltenkova, is

connected with the maturing process of sex cells products in the}greater
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Table 4

Seasongl Changes of Food Competition between Abramis bra nd Rutilus
rutilus caspicus (Northern Caspian Sea, 1935) C
Volume of competition i v | v 1w Jovie b over |ox ol x
(in percentages) ; T _ ‘ _
Intensity of competition ° 14.9 2.1 70 |7 T 189 | 283 1 3.5 >
Correction for the loca~ | S N I T
tion of feeding areas 2,9 L9 74 1169 | 24,0 8,6 | 42
strength of competition . E - n R {;é
(in "konkalias") 1 1 09 | os| o3¢| 03 | o3

a3 | a2 47 - 99 154 | 99 &5

Coriditional Units

AR

AP S A
Months

Fig. 1. Seasonal Dynamics of
Tood—Competition between Abr.
brame and Rut. rutilus caspicus

1 —'Volﬁme of competition;
2 - intensjity of competition;
'3 - strength of competition.

part of the achool. It wés’precisely these organisms which were the
principal cause for the development’in‘April of kéener food competition
between Abre brama and Rut. rutilus caspicus. But in May the Rute. :
rutilus caspicus largely abandoned consunition of Corophiidae, the

- proportion of which in its diet dropped .four_foid as compared to . .

= royvecs
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April'(from 12.1% to 3%) - As a resﬁlt the intensity 6f competitioﬁ in -
May fell approx1mately by one and a half times and in return the -
similarity in the dlets of the two species increased prOportlonately.
This rapprochement occurred ba81cal]y because of increased consump-

-tion of Adacna by Abre. brama, - the competltlon for which however was

considerably less keen than it was for Corophiidae. As a result of

all this and in spite of the accelerated rate of feeding, the rgéuiting\
strength of food competition between the Abre bramg and Rute rutilus
caspicus remained unchanged from April on to May (43 and 42 "konkalias")e
“In June the 1nten31ty of nutrition increases sharply (at that time the
daily ration.of Rut. rutilus caspicus increased from 7.l to 17,3 and
that of Abr. brama from 1.5 to 6.2, in percentages of the weight of the
fiéh), ahd consequently the consumption of food as well, which led to a

rapid increase in the intengity of competition. In acbordance with this

the similarity in the diets of both species too began to decrease almost -

as fast.e As a result in June too the strength of compétition remained
almost at the same level as it had béen during the two preceding months,
1ncrea81ng only very weakly (from 42 to 47 "konkallas“). Up until

now the process has gone. exactly as was conjectured by Zheltenkova. On
the basis of our not very accurate calculations, one could hardly have -
expected a more complete quantitative confirmation of her ideas.

| As of July, however, the course of the process changes dragti-
célly. From June to August the»inténsity of competition continues to
grow rapidly. This is explained by the continued growth of .the |
intensity of nutrition of the Abr. brama during July (the biggest

daily rations of Rut. rutilus caspicus were dbservgd in June, those of
Abr. bramg in July) and thus, mainly by the rapid drop in the quantity
- of mosﬁ food oréanisms, especially of those preferred by the‘fish.

Thus the 1ncrease in the intensity of food competition is -

understandable. But the volume of competition, ie6s the gimilarity

in the diets of Abr. brams and Rut. rutilus caspicus not only does not
decrease accordingly, as would have been expected, but on the contrary
it too beginsnto grow, although not as fast as the intensity. As a
result the strength of food competition between Abf, brama and Rut.-
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rutilus casplcus whlch, ‘as we saw,: had remalned at roughly the same.

level until now, begins to augment quickly as well and by August reaches
its maximum. Even the incipient dlvergence in the feeding grounds of
the two species is unable halt this growth, it ﬁerely retards ite.

The change in the course .of the process during this period of
intensive nutrition is explained as follows. Rfut. rutilus caapicu‘ ard
Abr. brama compete not only with éach'other. They compete with other
Spec1es as well and although Abre brams appears to be the chlef com-
petltor of Rut. rutilus caspicus, it has a still stronger competltor:
itself, namely Gobius fluviatilis pallasi Cf} 8331des, it is summer
that food competltlon ‘between Abr. brama, Rute rutilus caspicus,
sturgeons and even the pike perch (Luc1oggrca) ought to grow to a con-'"
siderable degree as wells Indeed, analy91s of seasonal changes in the
diets'of fish showed that in the summer Acipenser stellgtug. as well as

well as Acipenger and Lucioperca, switches largely to a diet of

crustaceans. Ac1penser in partlcular switches at thls time to | a con- .

- 8iderable degree to a diet of Corophiidae which in this period makes up
over ore third (37%) of all its food. At that same time this group, as
we already saw (Table 1), represents one of the two basic food groups of
Abre brama, | | j o

, Under the pressure of growing competltlon for crustaceans with
Gs fl. pallagi and sturgeons, Abre bramg begins to switch to a diet of
molusks, mainly those which are also best liked by Rut. rutilus caspicus,

" namely Adacna. Indeed, if in the first two months (April - May), dﬁring '

which as a resuit of low intensity of nutrition and large dimensions’ of

the feeding area, theifood competition stood at a low level, the
mollusks comprlsed no more than 15% (8% on the average) ahd Adacna no
more' than 12% (6% on the average) of its food, then during the follow-
ing three months, corresponding to the period of heightened competltlon,
the proportion of molluks rose to 25% (11%¥ on thé‘average) and Adacna

to 22% (8% on the average), i.es wWas one and a half times higher than °
for the first period. Besides, during June - August there also was a.
sharp rise in the strength of cﬁmpetition because of'crustaceans5

especially because of Cumacea. This may be explained by Cumacea being

e A SR # P otr e ae Sag e . Arya et A PNT AT L e rim B mvivasyar wive
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of great importance in‘thelnutriticn of Abr, brama (up to 70%) during ééj’
that particular month, as well as by a decrease in their éuantity in
the benthos as a result of. thelr being eaten up by'flsh by those same
i bullheads in particular. Added to this in August was another very high
'level of competition for Corophiidae which in that month constituted
quite a considerable part of the food of Abre brama (26.4%), as well
a5 Rute rutilus caspicua (10.2%).
As a result of this the.similarity in the diets of Abf. brama
and Rut. rutilus.caspiggg began to increase in spite of the continued

‘ groﬁth of the intensity of their compeﬁition withleach other. The
similarity,,and coneequently,also the volume, increased meanwhile, though
to a lesser degree than could.have been expected, considering the changes
in the diet of Abre brama whlch were taklng place. The point is that

under pressure of growing competition from Abr. brama for Adacna, the

dlet of Rute rutilus caspicus changed as well; Rut. rutllus caspicug

began to d931st ‘from feeding on Adacna and 1ncreased its consumption of
such mollusks as were consumed by Abrs brama, i.e. Monodacna and
Drelssena, only to an 1ncon51derab1e degree

In the period of heightened competition, Abr. brama, and under

its pressure Rute rutilus caspicus also was forced in this manner to

switch to a greater degree than before to a repiacement diet. Howevef,
the indicated changes in the feeding habits of Rut. rutilus caspicus
could not fully compensate for the correspondlng changes in - those
of Abre brama, and from’ June to August the similarity in the charac-
ter of their diets 1ncreased, in spite of the fact that the 1nten51ty
. of comﬁetition continued to grow at the same time. As a resﬁlt, the
strength, of competition between Abre brama andARut; rutilus caspicus
increased as welltaﬁdfin August, as already mentioned,'reached its
maximum. ‘As of that moment the situation changes once more. At the
end of the‘period of nutrition a rapid drop in the intensity of
nutrition and the resulting incipient.restoretidﬁ-of food stocks
reseres lead to a wery fast drop in the intensity of food competition

between Abrs brama and Rut. rutilus caspicus. The volume'of competitien, ‘

however, i.es the similarity in diet contines to increase rapidly,
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but this time bésicany on account of changes in the diet of Bute
rutilus caspicus which increases iﬁs consumption of‘ggggggg and
Gammaridae. As a result of ‘this, és well as the fact that Abr. brama
‘still continues to feed extenéively on mollusks,>£he strength of
competition betweenfthe-two species in'September, in spite of a consid=
erable drop, remains at a fairlj high level. In this period of dimin-
ished strength of competition, the dynamics of its intensity and

_ volume thus again'are>in iﬁverse prqportion; In Septembef, at iast,

" the continuing rapid drop in the intensity of nutrition leads toa
further lowerlng of the 1nten31ty of competltlon and a dlmlnlshment

of its strength, which returns to the level it was at when the feeding
season begans. The very weak drop in the volume of competltlon between

Abre brama and fute rutilus caspicus which occurred during that time

is aﬁtributed to the decreésing similarity in their diets as regards
molluéks:(from‘QS% to 23%), just as the similarity with respect to
crustaceans even increased somewhat (from 8.2% to 8.9%). Hence, it
also is in complete agreement with the general-coprse of the process.
Thé general picture of the dynamics - of reciprocal,food rela-

tions of Ruts rutilus caspicus and Abr. brama thus turned out to be

fairly harmonious, biologically easy to explaih and blausible. By

taking into account the generally low accuracy of our calculations, we

‘must admit that the results obtained surpassed our boldest expectations.

In particular, not only did they permit us to .confirm the correctness
of the suppositions madeeiﬁout the reciprocal influences between -
vaiious'elements of food competition, “they élso Alléwed.ué to projectv
those conditions under which this reciprocal: influence becomes
distorted, as well as the actual degree of such d13tort1on.
At present the dynamics of re01proca1 food relations between two
_fishes in their pure form, i.e. without the disturbing influence of
.other competitors, appear to bé_as depicted in_-the following sketch
(Fige 2)e o S o
Hhether as a result of an increase in the 1nten31ty of nutrl—
tion or a decrease in the dimensions of feeding areas , or finally, as

a result of the increased numbers of the competitors themselves, as
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the‘intensity of the food
consnmption‘and‘along with it the w;f
intensity of the competition
'begin‘te increase,. the similar-

ity in the feeding habits of

the competitors (the volume ,": : ~2.-4»? o .
of competition) beglns to _Fig. 2. Diagram of the

Dynamics of Food Comvetltlon
diminish. The flSh switch, as- Patween two flshes

far as possible, to a diet of

volume of competition;
intensity of competitiorn,;

strength of competitionj
degree of colacldence oi

the changeover from their - - the aregas used for
. nutrition. ~ "

various organisms. From the

beginning (apparently. during

ENRVE [
]

favourite food to a substitute
this divergence of the diets
- occurs with approximately the .
same intensity as does the .
growth of competltlve 1nten81ty, and as'a result ‘of thls the strength of
c0mpet1t10n remalns approx1mately at the same level, and even should 1t
1ncrease, it is only very 1n51gn1f1cantly.‘ As the 1nten81ty of
.cempetition increases further, the divergence of the dlets of the
competitors continues, albeit more slowly. It ie<epparent that this
coincides with the changeover of the biologically‘lees active compet-
tltor ro emergency diet. But in this same period begins the intensive
dlvergence of the feedlng areas by both species (apparently, where '
~this is p0331b1e). As .a result of all this the strength-of compet;tion'
begins to“increase,alreedyvmofe sfrongly.than_it did in the.preCeding
pefiod, however the pace of this increase is‘not yet vefy great, Since
the divergence of ‘the dlets, which is ampllfled by the dlvergence of
the feedlng areas, still contlnues to exert .its 1nf1uence.

: However, in the event of further growth of competltlon, even
gafter the changeover to an emergency dlet, the dlvergence of the
diets of the competitors slows down even more, and the- dlvergence of .
the feeding - areas which by this time is already close to its poss1ble‘1imit,
also slows down. AS a result the sﬁrength of competition begins to |
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grow qulckly, lagging only very slightly behlnd the growth of the
intensity of competltlon. "In the end, there may come the crltlcal
moment when, as a result of the continuing growth in the 1nten51ty of
competition, the 51m11ar1ty in the diets of both competitors disap-
peers altogether. Each of them will switch to a dlet of completely
diffefenf organisms. - The volume of competition has become zero.‘ The
product of intensity times volume, i.es the strength of competltlon,
also came down to zero. . The same may occur in the event of complete
divergence of the feeding areas. ‘However, it does not follow from this
- that competition between the two species has ceased. From being
visible it has merely become invisible. - From being kinetic, to use an
analogy, it has become potentlal. '

In the event of a lowering of the lnten81ty of " competltlon the
entire process will of course proceed in reverse order. it is quite
obvious that everything we have said is only a most general schemes Tt
is further quite obvious that, depending on the biological plasticity
and te biological activity of the competitors,.theAretio‘bf their numbers,A
the size and composition of their food resources and finally, depending,
also on other'cpnditions and on the character of the body of water
'itself; individual aspecte of the process will warye Thus it is quite
p0551ble that in lerge bodies of water the dlvergence of feedlng areas
will be of predomlnant significance in equallzlng the strength of .
competition, and that in small, densely populated bodies of water the
inflpence of that divergence will be minimale However; the geheral
direction of the process, according to our conv1ct10n, will remain the
same everywhere on the 1nd18pensable condltlon of course that the pair
of species taken by us will not have ‘any other strong competitors. The_
fewer of these competitors there will be, the less will be their
infTuence, and the closer to the charted scheme will run the course of
of the entire process. If other strong competltors are present, though,
" the entire course of the process may change in essence; it may for
instance turn out that the intensity and volume of the competltlon will: o e
begln to change paralleliy; We became conv1nced of such p0331b111ty
from the exampls of seasonal changes in the reclprocal food relations

of Abre brama and Rut. rutilus caspicus in the northern part of the
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‘Gaspian Sea.

Nothlng we have said here is new in essence having been long
known to flsh_culturlsts. Known in particular are 1nstances where, for
.exemple, Abr. bréma,_ﬁnder the influence of competition from Ascerina
cernﬁa;,changed over to a‘typical diet of planctonic crustaceans and
where, as a result:of‘this, competition between them cohpletely or
almost comfletély changed over to its potential form. But in spite of
all the shortcomlngg in the material at our dlsposal, we managed
neverthelesq to glve the entlre phenomenon of food competion and 1ts
:dynamlcs some kind of a quantltatlve appralsal, albelt a purely '

condltlonal one.
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