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Abstract

A comparative analysis of the results of calculations of daily
rations of the Newfoundland cod accordihg to methods and models of the
experimental direction developed for the Atlantic cod is presented in
this paper.

Data on satiety'of the Newfoundland cod according to materials
by Popova (1962) and Turuk (1976} with a subsequent‘recalculétian'of
daily ratiens by various metﬁods based on the data on stomach contents
are used in the calculations. Almost é full identity of the results h

cbtained by the methods of éxperimental direction, that is a telling

argument in their favour, is shown. In the periods of fattening of

the Newfoundland cod on capelin and sand eel the daily rations make
up 1.0-2.5% on the average, being from time to time as great as 3%,

These data are comparable with theose for the Arcto-Norwegian cod at

its stable feeding on capelin off the Murman coast.

Introduction

Under-conditions of intensive fishery the qﬁantitative.assessment
of food interrelations of fishes occupies one of the leading places
in trophological investigations forming the basis for the construction
of multi-type models.: Inadequate assessments of consumption by
predatory fishes of mass fishing species which play an important role
in the trophedynamic structure of ecosystems. are especially not
permissible, since the consequences of their influénces of the double

pregsure on them (fishery and predation) might be  almost
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unpredictable. As an example we can mention an irrational
exploitation of the mass planktéphage stocks in the Barents Sea -
capelin, with the result that the populatiop of the Arcto-Norweglan
cod lost its stable food base. In thls connecticn, in the period of
the sharpest decline in capelin abundance (1987-1988) followed by
transition of cod to consumption of various food - the young of
commercial fishes, amall non—fishing objects and crustaceans — changes
are noted in some biological indices of cod - a sﬁarp decrease in
fatness, disturbances in the seasocnal course of growth and in addition
to them - change in the terms and directions of 1its £feeding
migrations. Only in 1989, when cod was predominantly preying on
crustaceans (mainly euphausiids),  that were poorly used by
planktophages because of a sharp decline in their abundance a.certain
stabilization in its rate of growth and fat accumulatiocn tock place
{Orlova et al., 1990):

Preference to some areas where it forms locél stocks differing
by the raté of growfh is characteristic of the Newfoundland cod

(Popova, 1962: Postolaky, 1978; Templeman, 1962), The Arcto-Norweglan

cod is close to the southern Newfoundland cod by the rate of growth
and sexual maturing that is conditicned by similar hydrological
conditiéns of living and clese food composition - with the excepﬁion
of sand eel (Ammodytes sp.), that is the main food object of cod in
the Newfoﬁndland area all the seasons throughout (Popova, ;962, 1968,
Turuk, 1973, 1976; Lilly, 1987). This permits to compare the
intensity of feeding of cod of both stoéks, and also to use
experimental data obtained for the Atlantic cod in various methods and
models developed for the assessment of values of daily and yearly
rations.

The available information about the Newfoundland cod feeding is
mainly restricted by data on satiety of fishes, i.e. by indices of
stomach fullness (Popova, 1962; Turuk, 1973), which are not sufficient
for the estimation of‘the‘press of predation and food requirements of
cod. An attempt of calculations of a daily ratlon of cod (Turuk,
19?6} according to the method of Romanova (1958) led to evidently
overestimated results. Data by Canadian scientisté (Minet and
Peredou, 1978) on consumption by WNewfoundland cod of capelin
accounting for 60~80% of its annual ration on the contrary seem to us

to be rather low. Only some prerequisites and methods of caicuiations
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of daily rations of cod based on the data on stomach contents are

ahalyzed‘in this paper.

Materials and Procedure
.Data on quantitative and wéigh£ analysis of stomach content,
expressed in individual and common indices of fullness {(Zenkevich and
Brotskaya,.193l) or directly in a weiéﬁt expreésion can be useq in a

number of models of calculations of dally rations of cod. It is

method accerding to Baikowv Ei935) interpolated for pfedaﬁory fishes
(Zalachowski, '1985; oOrlova et al., 71990), 6 models presented by
Bogstad ana Mehl (MS 1991) and also the equation of linear regression
of the following type derived by us: y = ax + b, where x and y is
index of stomach fullness and daily ratton! (in %) at a high
céefficient of correlation of relationship between them (0.984}, with
the improved coefficients a and b depending‘on the food compoesition
(Table 1). -_

Data on indices of stomach fullness ¢f cod of different sizé
groups fattening on éapelin aﬁd sand eel in the southern coastal areas
of Newfoundland in the summer of 1959 and 1960 (accordiﬁg to Popova,
1962) as well as on sand eel in the Great Newfoundland Bank area in-
December 1964 (according to Turuk, 1976) afe used in our
investigation. Subsequent recalculations of daily rations were made
using the above methods, with the exception of three models out of six
(according to Bégstad and Mehl, MS 1991}, They fequire more exact
data on weight of cod ifself, and we were forced to use average
weights of fishes in the size gfoups (according to Turuk, 1976).

When calcqlating daily rations following the method by Baikd&
{193%) and also according tc one of the models in whiéh data on
regonstructed weight of food (i.e.‘consumption index) is used, to
cbtain it one can use the coefficient of specific agreement CI/IF that
‘is equal to 2. This index was obtained by us (Orlova et al., 19%0)
for the Arcto-Norwegian cod; it is also given in some models. In some
cases however, the doubled index of stomach fullness miéht not
colncide with therccnsumption index, then-the results of caléulétions
of diurnal rations could furn out to be underestimated. bData on

duration of Ffood.digesting by cod can be taken from the literature

! Calculations were made se

arately followi {
by Fortunatova (1940). P Vi wing methods by Baikov {1935) and



(Karpev;ch and Bokova, 1936; Tarverdiyeva, 1962;_Orlova et al., 1989;
Tyler, 1970; Bagge, 1977, etc.), and also‘dete;mined from the formulas
(Jones, 1978;vzalachowski, 1985). )
Results and Discugsion
Models of calculations of daily rations (R) of cod (by Bogsfad

.and Mehl, M5 1991) whilst still are not widely used, therefofe we

adduce them for the sake of comparison with other methods.

1, SANMCD (Mﬁd. I). Exponential modél_bqsed on experiments with
different prey specles and temperature that were carried dut in
Northern Norway (Des Santes, personal communication; Mehl, 1989;

- Bogstad and Tjelmgland, MS 1990). The actual rate of evacuation
(E} per hcour made up: ' _ ‘ -
amphipods and capelin E = 0.0077 + 0,0072 t,
all other prey species E = 0.0011 + 0.0066 t
R =E. 5. 24

2; NORMOD (Mod. 1II). A linear model from the North Sea with a

constant time sf foad digesting for different size groupé of
_predatérs-(Daan, 1973). 28 gives an initial quantity of food éﬁd
a daily ration is calculated as:

) R = 25/D _ )
where b)is digeétiné time (days). b for different age groups of
cod is baséd on the formula D = 1L, where L is a digestive

coefficient, equal to 0,06 (Daan, 1973).

3. BROMOD ({Mod. WI}. -A linear model with a constant quantity of

food-digested for an hour (according to Bromley, MS 1989):
R =28 (1.76/100) . 24

where 1.76% is an average rate of evacuation from the initial

weight of food per hour (food — sprat).

Since Mod. VI constantly has given overestimated results, we
proposed our own daté of relative (in % per hour) digesting rates
obtained under experimental conditions and accounting for 1.50% for
capelin, 1.30% for all other fishes, 1.20% for shrimp. The employment
of these data permitted us to obtain results .comparable with other
models. This way was a sudden success for us. When calculating daily
rations of cod preying on capelin according to Mod. VI that were of

the fellowing form:

R =2 (1.5/100) . 24 or 25", 0.015 ., 24

where R = 25 . 0.36, we noticed a complete identity of the results of
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these.calculations with those obtained according to Mod. @ {at T =
3°C}:
R = (0.0077 + 0.0072 . 3) . 24 or § . 0,03 . 24

wﬁere-R ; s . 0.72, (this ¢coincidence is not incidental) if taking
into account that the experiments on determining the rate of food lump
breaking or the rate of food evacuation were carried out on Arcto-
Norwegian cod approximately within the same temperature range both by
the authors of Mod. I and by us. Thus, at coed fattening on capelin
calculations can be made only according to one of the models (it is
better according to Mod, I, since § is the wvalue that could be
determined with a higher accuracy than 28), Besides, in our case
"capelin can be identified with sand eel - the prey that is also
characterized by a high fat content, It is also evident that Mod. I
is close to the formula 'according te Baikov, their agreement or
differences depend only on the index of “digesting time” that should
be taken with regard to temperature and prey species. '

In the calculations o¢f capelin consumption by c¢od in the
Newfoundland area in the summer of 1959—1960_méde by us acbording to
Mod. I and Mod. II, and also by equation of regression (Table 2), the
values of daily rations reveal a close relationship with the values

-of indices of stomach fullness. The closest results were obtained
according to Mod. I and following the method by Baikov; Mod. II gives
somewhat overestimated results for the smallest cod {where estimated
duration of food digesting makes up 2:1 days) and underestimated ones
for large speciﬁens, where duration of food digesting makes up 3.9-4.5
days. If we take it to be equal on the aver#ge to 3 days {just as it
is assumed by Baikov and Fortunatova), -the values of daily rations
will differ to a lesser extent. The derived values of dally ratlons
of cod in 1959-1960 take account of provisicn Bf cod with food in
those yearé to a great extent. 1In 1959 approaches of capelin to the
Newfoundlandg shores were in more mass {Popcva, 1962), therefore fish
of ‘medal (50-60 cm) and of adjacent size groups were fattening most
intensively . In 1960 at less significant.approaches of capelin, cod
of modal sizes (40-50 cm}, on the contrary, was feeding most weakly
(see Table 2).

In 1960, in the period when cod was mainly feeding on sand eal,
the indices of stomach fullness were lower than those when feeding on
capelin; the daily rations aid net -exceed 1-2%. In 1964 the indices

of stemach fullness were highest {Table 3) that was reflected in the
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. values of dailly rations. Their maximum values of 2.8~3.1% are noted
for cod of the average size (51-70 cm). Thus, judging by daily
rations, feeding of cod was fairly intensive and stable in the
Newfoundland Bank area during the period of investigaticns.

Indices of cod fatness and average relative fat content are in
a good agreement with the dyrnamics of daily rations (within the size
groups of cod and by years) (according to Fopova, 1962).

Daily raticns of the Newfoundland cod are rather close to the
data for Arcto—Norwegian cod in the period of its féttening on capelin
off the Murmansk coast in 1986-1587 (Orlovﬁ_et al., 1990}, being
however lower than in the 19%60s when indices of.stémach fullness were
as great as 4-7% and daily rations were 5.3-5.5% at cod fattenigg on
capelin {(Novikova, 19€2; Novikova and Mikhalkovich, 1963). Under the

- experimental feeding of c¢od on capelin up to the fuil satlety in the

course of 6-10 days the dally rations account for 4-5% (Orlova et al.,

1989) while at a . prolonged period of feeding they decline to 2-2.3%

in the result of satiety of fishes (Karamushko, 1991).

At the same time, the values of daily rations given by us differ
significantly from those obtained fellowing the method by Romanova
{1958) in the medification for adult .benthophages (Kogan, 1963) and
planktophages (Tarverdiyeva, 1982, 1985) both for Arctc-Norwegilan and
Newfoundland cod (they are overestimated in the last cases). In the
calculations of daily rations of the Newfoundland cod (Turuk, 1973,
1976) there is a number of incorrect and at the same time
contradictory prerequisites. In the examples given by the author, the
role .of focd objects is estimated from the frequency of their

occurrence (nevertheless, they make up 100% in total); as this takes

place the importance of capelin prevailing in food of cod throughout
the period of observations is significantly underestimated only on the
basis that it occurred in a very digested form., Simultanecusly, at
extremely low vales of indices of stomach fullness (0.38-0.69%) the
daily rations turned ocut to be at a level of 3-10% (their maximum
values attained 18-21%) in same samples at indices of stomach fullpess’
of 3-5%. It is evident that the mentioned estimates of the intensity
cof the Newfoundlénd ccd feeding are considerably overestimated, and
the methods themselves cannot be used for calculations of daily
rations when cod feeds on food objects with a prolonged digesting

periods and does not have a clearly pronounced rhythm of fattening.




In the calculations ¢f daily raticns of the Arcto-Norwegian cod
for the period when it was mainly feeding on capelin off the Murman
coast'(March 1990) made by us using all the ébove methoeds (6 models
by .Bogstad and Meh; including), thg results turned.out to bhe very
close as well. The daily rations did not exceed 2-3%. It is likely
that it may be indicative of a rather correct interpretation §f the
main reqularities of consumpticn and evacuation of food by predatory
fishes with a stomach digesting in the mode}s considered and metheds
of experimental direction, that makes it possible to recommend them
for a wide use.r | |

Conclusion-

-The sharply increaséd ;olume of information in the last few yeérs
on the guantitative assessment of the intensity of feeding of
predatorj fishes, Atlantic cod in paf;icular, makes it possible,
retaining specific and local peculiarities of feeding, to refeai
common regularities of consumption and evacuation of food and .to unify
approaches and methods of caléulation ‘of daily ratiéns. "_ It 1s
reflected to a éreat extent in modern models having an experimental
basis and considering various forms of dependence of the actual
pcntent of stomachs and the quantity of food cpnsumed per unit time.
Almost complete ideﬂtity of the'results of calculations cof daily
fatioﬁs according to the methods of exp%rimental directiens enabled
one to use them Successfully for the Newfoundland cod, that is close

by the rate of growth and sexual maturing to the Arcto-Norwegian cod.
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Table 1

1931,

¥

Dokl. 1-o0i sessii GOIN, n.

Materials on feeding

4, p. 1-

Coefficients of linear regression of the inter- |
relation of the value of daily rations by Fortunatova}

(1940) (in numerstor), by Baikov (Baikov, 1935)

(in denominator) snd the index of stomach fullness

(¥ = a

Y ig daily ration).

a + bX, where X is -index of stomach fullness;

Main objects of

‘Coefficient: No. of

feeding : a : b ;of corgglat;_samples
-0, 0075831 0.578417 0.913254
Total : od
~0. 0025063 ,0;59I912; QfOISBZI
-0.0785I6% (0.471114 0.9g80578
Fish/crustaceans II
(T:17 ~0,.1137840 0.458430 0.983556 .
-0.0448846 0.456153 (.959260
Pish : I4
~0.0046064 (0.461234 0.971134
) ~0.0012377 (0.714233 0.965082
(rustaceans ‘ 15
=0.0361801 0.69I063 0.965684
Capelin =0.1182690 0.,.668726 0.940559 5
. =0.055332]  0.72580% 0.950914
Sen redfish -(}. 0601060 0.405881 0.929418 8
~0,0224778 0.442544 0.935602
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Table 2 Daily rations of cod of different
size groups when fattening on capelin
in the Hewfoundland area in the summer
of 19%9-1960.

' TISR (8) Daily rations, % :
Size P Average 2 i by 5 by
group . weight, kg % 1 g ilod-1 | Mod-II gﬁgﬁgﬁ; Ealkov
Ie59
2u-40 Q.50 I.I8 5.9 0.85 I.i2 0.68 0.80
41-50 0.88 3.88 34.1 2,79 2,70 2.49 2.76
51-50 I.60  3.58 57.3  2.58 2. I7  2.29  2.54
61-70 2.50 3,20 80.3 2.3 I.88  2.03 2.7
71-80 -4,60 2,80 I28.8 2.2 0.7 I.75 2,08
' | 1960
30-40 - 0.50 4.83 24.1 3.47  4.60 3.12 3445
41-50 ‘ 0.88 2,18 I9.2 I.57 I.6l I.49 I1.53
51-60 I.60 2.96 47.4 2.13 1.7 .86 2,09
61-70 2.50 I.04 25.0 0.75 0.80 0.83 0.69
x

according to the equaiion of regression

Table 3 Deily rations of cod of different size
groups when fattening on sand eel on the
Great Hewfoundland Bank in 1960 apd 1964.

Size group : Average JISE (SY . Daily raticns, %

of cod, cm  weight, kg ‘% g  Mod-I ° Moa~ITG P¥ i DY
: : : : : : . ‘Baikov™' Fortu-
: : natova
: ‘(according to eg~
- ’ _~uation of regres.

1950
30-40 0.50 I.04 5.2 0.75° I.00 0.70  0.59
41-50 0.88 I.I7 10.3  0.73 0.8  0.79  0.67
51-60 I.60 I.7I27.4 I1.23 1.04 I.I8 1.03
§1-70 2.50 2.64 66.0 I.8I I1.36 I1.86 I.65
71-80 4.60 2.7I Ied.7 1,95 I.20 1.9  I.68
1564 .
36-50 0.70 2.93 20.5 2.II  I1.96® 2,07 I.s4
(small) . o
51-70 1.85 4.28 79.2  3.08 2.85® 3,05 2.75
{average) _
71-75 4,60 3.I7 145.8 2.28  1.39% 2,24 2,00
(large)
x

according to the equation of regression

B4 )
according 4o Baikeov {1935)
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