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ABSTRACT

Prophic interrelations between cod and capelin in the North
of the Grand bunk (Div, 7I) are studicd with-relation to
differences In Lhe qugrhphical distributien and conditions
in bhe habitat of young and mabure capelin,

Optimal ratio of predator length {cod) and,prey length (ca- '
pelin) ic within 17-24%,i A relationship is established bet-
wecn the number of immathre capelin in Div, 3L in spring

and summer Seasons and ;}thh rate of cod at age 5=7.

Charts of distribubion of principal capelin feeding areas
are suggested and comparatlve characteristic of the inten-
sity of consumptlon of capelin by cod in 1987-1991 is

riven, The strongest conbumptlon was obaecved in May-June

1991, _ |
INTRODUCTTON

An aralysis of brophic:"predqtor-prey" relations bebtween
" two spenies implies hoth the evaluatiocn of the impact

ofl predalion on prey numbers and evaluation of a reverse

relation - bhe impactéof preypnumbecs variations on the
* gthtus' of 'predator population, :

A question of "reverse relation™ is more often in the
centre of  attention on occasions, when numbera of major
prey of a certain commercisl species have dropped
drdstlcally, which causes notable disturbances in the
ecoayatem trovhic web as well as chanbes in predator
numbers, However, the ana1y515 of “he "reverse rela-
tion™ in sibtuations, when prey numbers variastions

are not extreme, is of preat interest and cdntributes
to the comprehnn51ve knowledpc of how the ecosystem
works.,

Paperé-on trophic relations between cod and capelin
over the Newfoundland and Labrador ‘shelf suggest dif-
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ferent methods and approaches to estimate daily and
yearly consuiption of capelin by cod (Popova, 1962
Campbell & Winters, 1973; Minet & Perodou, 1978; Tu-
ruk, 1978; Lilly, Wells & Carscadden, 1981; Lilly,
1987). 1In connection with a sharp drop of capelin
biomass in the late Y0s the yeur-to-year variability

of capclin and other prey consumption by cod was
studied (Lilly, 1939), In particular, it wac studied
whether cod are capable through feeding more intesively
on other prey to compensate scarcity of capelin in the
diet., It was found that other species can not be an
adequate substitute for capelin, hence, variations

cf capelin numbers must in one way or another influen-
ce the biological condition of cod. However, the ana-
lysis of relation bebtween capelin biomass and cod
prowth rate has not supgested clear conclusions, It was hy-
pothesized, that the two species are not connected
through any strong. trophic relation (Akenhead et al.,
1982; Millar et al., 1990),

In all azbove menbioned papers the population of capelin,
its biomass and numbers arg considered integrally, irres-—
pective of thelr structure, However, it is khown, that

conditions in the habitat of young and mature capelin

are difféﬂent, especially in spring and summer seasons

(Lilly, 1987). Therefore, the present paper suggests

a differéntiated approach to the study of trophic re-

lations between capelin and cod.

MATERIAL AND METHODS

1'he paper uses materials on numbers and size-age compo-
sitions of cecd and capelin, collected during complex
research surveys in spring and summer seasons 1985-1991,

Te ahaljse variations of'the cod prowth rate.yearly
weight increments in cod at age 3-9 were used, Weight
increment was estimated as the difference between mean
weights at age for two subsequent years,

Stomach contentis of cod were studied in field and quanti~
tative-weight analysis (Table 1). In the field analysis
occurrence frequency of capelin in cod stomachs was de-—
termined as a ratio of stomachs with capelin to the to~
tal number of examined stomachs, In gquantitative-weight
analysis priority wus givensto the estimation of numbers
and length of prey., Capelin len;gth was mezsured from

the tip -of the snout to the end of the middle rays of
the tail fin. The length of heavily digested capelin
(SL) was restored from the length of the back bone (1)
using the formula:

8L = 1.211 + 135.34

1 e
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For comparative analysis and further calculafions)
all cod were distributed between 9 cm size -groups,
Total biomass of capelin in the diet ©of the whole
cod stock in open waters of Div. 3L during the -survey

time was estimated from:'
n

W =£§% wN.K;
where w; = mean restored weipght of capelin in stomachs
of cod from group i N, - numbers of fish in group i;
' Ki - occurrence frequency of capelin in cod stomachs

. of group i; n - number of 9 cm groups,

Similarly total numbers of capelin in the diet of the
" whole cod stock were estimated,

To evaluate the intensity of consumption of capelin by
cod and to draw maps of the feeding areas , blomass of
ced preyed on capelin was estimated for each catch (Wc)s
wc = wtot K
where Wtot - catch of cod; Kc - occurrence frequency of
capelin in cod stomachs in given catch., The calculated
value was then m&ltiplied by mean daily conshmption of
capelin by the whole cod stock, to estimate which 1%
was assumed that it takes 4 days for digestion of food
in cod stomachs (Bowering et al,, 1984).

RESULTS

1, Size preference in cod in relation to capelin.

A ratio between prey length and predator length ( % )
was used as a main index of size preference exhibited
by cod. Mean ratios for 1987-1991 are 1nversely pro-

porticnal to cod length (Fig. K

1. 172 =079 (.. 06,98, P3»0,95)

5%% in small cgd and 11% in large cod (Table 2) ¢an be
considered as extreme values for the given ratio, Cod
prey most intensively on capelin on occasiong when the
capelin length is 17-24% of the cod length - occurrence
frequency of capelin in cod stemachs then is the highest
{(Table %),

Data collected by many researchers indicate that cod

of 40 tc 70 cm are the main Pbﬁsumer of capeiin over
the Newfoundland shelf (Popova, 1962; Turuk, 1968;
Lilly, 1987;1989; Lilly & Rice, 1983). With account for
the above given ratios it can be stated, that 6apelin
‘of 7 to 18 cm in length experience the most heavy pre-

dation from cod, in other words, it affects both mature

and young capelin, Since the numbers Qf capelin year
classes vary notably between years, feeding condi-
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tions for cod from different age groups within 40-70 cm
can also vary considerably,

2, Relation between cod growth fate and capelin numbers,

Status of food supply may produce effects op the growth
rate of fish, age of their maturaticn, fecundity and
nunbers,0f all mentioned indices the growth rate is
most labilg responding fast to such prey biomess changes
Wthh are not extrems, _

DlV. 3L is not completely sultable for 1nvestlgatlng
the relationship between the growth rate of cod and
capelin numbers, because of the complexity of the ge-
netic structure of cod stock there (Postolaky,. 1962;
Lear, 1984, 1986). However, it is just in this area,
that intensive feeding of cod on capelin is cbserved
in spring and summer seasons concurrently with, clear
spatial separation of young and mature capelin,

The spawning stock of capelin is known to be composed
of fish at age 4 and older, 2-yp-o0lds are mostly pre-
recrults. The proportlon of mature Z-yr-olds is on the
average about 50%, however, this value can vary between

years considerably. .

Peak yearly increments in cod at age 3 to 5 001n01ded
and fell at 1982-1986, 1988-1989 and 1990-1991 (Fig. 2).
Assuming a relation between the growbth rate of fish

at the above age and capelin numbers (the young), it

" cap be inferred, that 2-yr-olds were numerous in spring
end summer of 1985, 1988 and 1990, i.e. the 7983, 1986
and 1988 year-classes of capelin were strong,

6-yr-olds of ceod occupy an intermediste position with
respect to the growth rate, while maximum increments in
cod at age 7 to 9 again coincjde and fall at 1985~
1986, 198?n7988 and 1990-1991 Assuming a relation
between the growth rate of cod from clder. age groups
and numbers of mature capelin, it can inferred that
4-yp-olds were numerous in 985, 1987.and 1990 (1981,
1983 and 1986 year-classes), Following the same pro-
cedure the 1984, 1985 and 1987 year-classes of cape-
lin can be evaluated as weak.

Data provided by capelin acoustic sucveys in spring -
and summer are in general consistent with these
asgumptions (Bakaney & Mamylov, 1988; Bakanev & 2Zubov,
1991, Miller, 1991). 1987 is an exception — Ganadlan
Aand Russian scientists heve different opinions as about
the strength of this year-class of capelin (Miller &
Carscadden, 1989),

Therefcore, on a qualitative level there is a certailn
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relation between the growth rate of cod and capelin
numbers, Quantitatively this relation is somewhat
difficult to express for many reasons, of which most
important are: a) short data series, b) lack of data
on capelin numbers and size-age composition of cod in
inshore areas, ¢) rough estimetes of capelin numbers
as provided by acoustic surveys in spring and summer
seasons, Performing a quantitative evaluation of the
strength of relation, we use only the estimates of

_ numbers of immature capelin from Russian surveys

(Bakanev, Vaskov & Petrov,.1990; Bakanev & Zubov, 1991},
presuming, that capelin pre-recruits, which stay in

open waters of Div, 3L in spring time, can be estimated
mecre precisely. A48 indicated by the results availéble,
the most strong relation is found between %he numbers
of young ¢apelin and growbh rate of cod at age 5-7-
(Table 43,

3, Spatial distribution of cod and its relation to

cspelin migrations in spring and summer 1987«1991"

There are certaln specific features in the distribution

_of cod over the northern part of the Grand bank in

April-May, that are common for different years, For.
example, most dense concentrations develop, as a rule,
in the west (along the eastern‘slope of the Newfound-
land) angd over the north-eastern slope of the bank
(Fig. 3). Probably, these concentrations appear 1n
connection with the preying of cod on capelin, although
in April and.May locations of intensive feeding on
capelin were found, mainly, in the western part of

the area (Fig. #4), An scoustic survey for capelin, .

- which normally follows a bottom survey in Diwv, 3L,

records, as a rule, concentrations of immature capelin
in the north and north-sast of the bank (Bakanev,

Vaskov, Petrov, 199C; Mamylov & Bakanév, 1984; 1985),

The distribution pattern of cod in Div, 3L in 1991 was
different from what was observed in previous years, The

_reagon behind may be as follows, Since the bottom sur-

vey. in 1991 was done later, 1t can béiassumed,.that the
cod aggregating in the west of the area had by that
time migrated towards coasts and were not available for
surveying, However, it could well be, that in 1991 cod
did not move inshore at all, Simllar situation Was ob-
served .in 1986, when the distribution of dense concen-

"trations of immature capelin in offshore waters, where

fish at age 3 (1983 year-class) prevailed, had an ad-
verse effect on the inshore cod fishery, According to
Canadian experts "food was so abundant offshore, most
cod may have just stayed out there all summer rather’



than follow the much smaller schools of,SpaWning ca~

pelin to inshore waters" (The Science,,,, 1991)., As
indicated by cur findings, in 1991 on the north-eastern
slope of Lhe bank cod preyed usinly on capelin at

age 3 too (1988 year—class), It is worth noting, that

in 1988 dense capelin concentrations offshore were
dominated by smaller fish at sge 2, conditiops for

cod fishing were good {The Science..., 1991).

4, Intensity of capelin consumption by ced,

Intensity of cod feedinp on capelin can be characterized
by absolute indices - total numbers and biomass of cape-
lin in the food of the whole cod stock, and relative
ones - occurrence frequency and daily intake of capelin
by cod (Table 5). The biomass and numbers of capelin
were the biggest in the food of cod in cffshore waters
of Div, 3L in April 1988, Fish at ame 2 constituted a
considerable part of the cunsumed capelin (Fig., 5).
However, as for the relative indices pf feeding intensity
in that year, they were not peak ones,High absolute
indices were to a great extent caused by high numbers

of cod itself, in 1988 they. were hlgher, than in other
4 ‘years (Kuzmin, 1991),

Estimates of the total number of capelin in the food of
¢cod in April-May 1987, 1989 and 190 are faibly ¢close,
while'those of the total biomass are more different,
because of changes in the size frequency of capelin,

In May-June 1991 both absolute and relstive indices of
capelin consumption by cod were large. It can be assumed,
that in previous years a survey for cod was conducted
during capelin migration time, there was no completé
overlapping of distributjions of cod and capelin, it

was varying all the time, In 1991, by the time of the
cod survey capelin ceased %o mlgrate, the overlapping

of distribution areas of dense capelln concentrations
and cod was steady and most vast, the intensity of cod
preying on capelin reached its highest values,

On the other hand, a combination of such factors ass
a) negative temperature anomalies over the Grand bank
in 1990-4991 (Borovkov & Teve, 1991); b) predominance
of lish at age 3 in the capelin population, could be
the reasons for unpsuzal distribution and migration
times of capelin in that year, It wmight be, that the
proportion of mature individuals among 3-yr-olds was
extremely 1ow,.tberefore, capelin had not migrated
inshore for spawning, but pathered over the north-
sastern slcpe'of the Grand bank, In case, the distri-
bution of capelin in spring and summer 1991 was not




standard, its consumption by cod and other predators
might be abnormally big.

. DISCUSSION

- The degree of geographical segregation of mature and

" immature capelin in the total stock during a year is

not well studied, Data are especially scarce on times

of autumn feeding and wintering, although there is evi-
dence available, that in the beginning of December iSo=
lated concentrations of capelin at age 1+ dwelt in the
north of Div, 3L, while the majority of the stock stayed

in Div, 2K (Bakanev & Gorchinsky, 1985),

In spring and summer seasons mature capelin migrste

for spawning in warm inshore waters or to the southern
shallows over the Grand bank, whereas young cod gather

in dense concentrations over tine north-eastern slope

of the bank, in the area influenced by the Labrador

. current (Drapgesund & Monstad, 1973; Kovalev & Kudrin,
197%; Mamylov & Bakanev, 1984, 1985), In the day time
young fish form small schools, dwelling in the mid-watsbs,
pre-spawning cspelin gather in dense concentrations near
the bottom (Mamylov & Bakanev, 1984) Consequently, =

tc prey on young cod the cod have to perform mlgratlons o
into the pelagial, to cold intermediate layer, when '
feeding on pre-spawning capelin the cod can stay near

the bottom, in warmer waters, Since pelagilal feedlng

" is more typical of younger cod, wHile_boftom one = .of
older fish, the first hypothesis presented by this pa-

per suggests a relation between the growth rate of cod
from younger age groups in Div, 3L and numbers of im~
mature capelin, and the grthh rate of older cod and
mature capelin‘numbers. ‘

On the other hand, from geographical distribution of
principal feeding areas it may be guessed, that bew
sides size-age differences, the cod preying on young
or mature capelin in Div, 3L can ‘also ‘have genetic ones,
~For example, concentrations of cod in the west and
scuth-west of the area may contain migrants‘from the
scuth, while in the north-east -~ fish from Div. 2K,

the cod could mlgrate southwards along the eastern

slope of the Grand bank as far as 45°30'N (Lesr, 1986) .

It may also well be, that the 1ntenslty cof cod migretions
from the morth to the south into Div. 3L in spring

and summer is related to the density of capelin conésn—‘
trations in the west and north-east of the Grand bank,
Further, more detailed studies of trophic relations between
cod ahd capelinp can contribute to a better knowledge

of this matter, '
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Table 1. Total amount of materials used
in cod feeding studies : .

1978, The feeding,of Labrador and Newfoupd-

Tunber df'stOmaChs

Year é Feld analysis Quantltatlve&welght analysis
1987 Tih 42
1988 825 250
1989 1671 B
1990 - 1059 221
1991 1054 416
Tahle 2, Ratio between capelin length and length of
. predatory cod
Cod Year ! 1987 : I9s8 - 1989 PI9% : 1991
1eggth. ;1/L 5 min-max Eljif nin-mex El]lfmin—max‘ ?]E Emin—max 'glllh min-nax
18-26 .- - - - - - - - 0,47 0,43-0,52
27-35 p,32 O 35-0,45 0,3+ 0,230,553 0,41 0,38-C,45 0,33 0,25-0,50 0,42 0,30-0,54
36-44 0,32 0,31-0,3%2 0,26 0,I5-0,41 0,34 0,28-0,38 0,29 0,21-0,41 0,36 0,24-0,44
45-53 0,26 0,I5-0,3% 0,25 ¢,I6~0,3 0,24 0,I8-0,3 0,30 0,24-0,38 0,29 0,18-0,37
5462 0,24 0,16-0,30 0,20 0,I3-0,29 0,22 0,I5-0,32 0;24 0,19-0,30 0,24 0,15-0,31
63-71 0,22 U,Ie-0,26 0,19 0,I2-0,26 = - 0,20 0,14-0,25 0,20 0,14-0,26
72~80 0,19 o0,I2-0,24 0,17 0,I40,20 - - ‘0,20 O I7—0,25 0,18 0,12-0,24
RI-89 . - - - - - - 0,17 0,12-0,20 0,17 0,12-0,21
S0-98 - - - - - - - - 0,I5 0,12-0,20




Table 3, Occurrence frequency (%) and mean resfored waight
of capelin (g) in cod stomachs in Div,3L in 1987-1991

1991

cod Yoar ; 1987 [ 1988 P 1989 1 I9%0

length,cm [ S T R U S SR ST T L N

| 18-26 - - - - - - - - 8,9 9,6~
27-35 10,6 I0,0 I2,8 15,7 29,4 - 11,5 12,7 . 14,7 28,3 I5,0.°
3644 : 19,8 © 3,7 31,7 27,7 29,8 © I7,2 192 16,5 39,2 43,2
45-53 29,6 57,4 344 35,7 36,9 30,5 24,5 . 64,2 47,8 II7,8
5462 37,6 61,2 43,9 79,8 33,3 24,1 28,9 90,6 SI,4 III,2
63-71 39,7 63,0 58,0 I04,0 28,5 2y5  2B,4 46,6 63,0 1442
72~80 28,6 98,0 72,2 III,0 26,1 ©Pedata 7 - 490 36,6 II5,5
BI-89 - - 75,0 Po data 5.9 modata 550 114,7 53,7  B89,0:
90-98 - - - - - - - - 50,0 1I2,6

I - occurrence frequency of capelin in cod stomachs, % of the total number
of examlned stomache - . ] -

2 - mean r:stored welght of capelin in cod stomachs of a given size group, g
Table 4; Correlation coefficlents between numbers of young capelin
and growth rate of cod at age . ‘ 7

v ) .Welght increment in cod

. e g M e mm me e e SN am o P Y W el MR am e e e B e T e e e e e A S e e mm am S — mre m p

Numberse of

Peynoolds of 0,4 0,70 0,48 0,77 0,68 0,75 . 0,08 0,59 .0,37 0,62 0,69 0,56.
capelin . ) . ‘ o )
mgggg;gapem 0,37 0,68 0,5 0,80 0,70 0,78 -0,04 0,62 0,28 0,59 0,% 0,58 -

—

Teble 5, Main indices of capslin consumption by cod in offshore
waters of Div. 3L in spring and summer ceasons of. 1987-1991

1987 o Toss _ i 1989 - i 1990 _ _ i - I991

Survey time 27,04-11,05 _; Tu04-23,04 3 27,04-21,05:  26204-23a05 - 9405-6206

Occurrence freguensy of’ B .

capelin in cod stomachs,® 29,6 32,8 3,6 - . 20,5 41,0
“Total nu?bens of capslin S : | ‘

in cod diet duripg survey : ‘ .

time. fishix 100 112,0 615,3 98,5 IS 331,7
Total biomass of capelin o )

in cod diet durihg survey I623,3 _ 6565,4 . 9447 - 1eDI,6 6043 ,4
timse R . o

Mean daily consumption of ' ]

capelin by cod,% of fish 1.0 -1 0,7 - 1,48 2’?A
weight* :

* Calculations have been done ohly for cod preying on capelin
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Fig, 2., Yearly increments in cod at'age (% of

1 - cod at age %3-4; 1I - 4-5 years;

IITI - 5-6 years; IV - 6«7 years;
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mean yearly increment for 1985-1991)
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Fig., 3 Chart of distribution of main.cod .
| concentrations, ¥ -
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2 = 101=500
% - over 500




- 15 —

1987, April - May

%z

1988, April j?
N . ' ’*c~'§' :
7
Z

o &
LR ¥ £,
\ ' o

Pig. 4 Chart of principal feeding areas of cod
on capelin, Intensity of capelin consum-
ption: 1 - 25-50 kg/day/sq.mile; 2 = 51-100;

% - over 100, 4 - boundaries of -od distribution:
areas, ‘ : ‘
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