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© ABSTRACT

Diurnal rations of hake females and males were calculated
by gize-groups based on joint Soviet-Canadian cruises in 1988,
1930, Annual food uptake was calculated by food items. Compa-
- rative characteristics were obtained on food composition and
biomass. At hake stock assessment food supply of young, adult
and old fishes should be considered separately.

INTRODUCTION

The greatest perﬁissible population biomass of sﬁecieé‘is
determined by food supply, 1. e. by availability of particular
food quantity and guality to be utilized by sp301men° for bodJ
formlng and stock reproductLon. (leolvky, 1974 )+ At hake utock
aauegsment food supply of young and adult fishes should bu consi-
dered separetely, &8s food amount,required for normal vital activity
of variuos groups during particular period, becams one of the
major factors of species gfowth and production rate. (Rikhter and
Vihogradov, 1992). Rational fishery management requires the quanti-
tative eagtimate of food reiations betweeﬁ Slze-age groups 6ﬂ'a
species and members of association as well &s the estimate of fo-
rage basge. parta, quantitative relations of thosé parts éﬁd'food
ampunts utilized:by major consumers. FPood amouﬁt, utilised by-
fish during & sertain period of time (e. Ee 8 diﬁrnal period),
défines- a-ration, the estimaﬁe of which_permits tO'asgesé.a reléu

Live effoel of population on  the fornge bage nnd vieo vergo.

. MATERIAL AND METHODS

In the article the information ocbtained from twe joint
Soviet-Canadian cruises in 1988 and 1990 were used Stomachs were

sampled: from hake of the following gize-age groups: 12-20 cm and
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21-25 cm (1%, 2§uvenile); 26-35 c¢m (3%, 4t 5+, ' mafure, parti-
cipating in mass spawning); 36-58 cm (7% - 10+ fishes of older
age groups with congiderable naturzl mortality, mainly females)

- Stomachs were sampled from males and females separately.

To reveal diurnal feedlng dynamics and ration of hake ‘hauls
were carried out every 2-3 hours durlng at least 23 hour perlods.
In the area of Scotian Shelf two diurnal stations were carrled aut’
with DT/TV 30/36 and "Heke- 4" trawls during 25-26 July 1988 andﬂ‘
2-3 July 1990.

Samples for feeding analysis were taken over entire 24-hour
period, 40 speciméné from each trawl in esverage. Totally 436 speci-
mens were analyzed in 1988 and 974 specimens in 1990 (Tables 1{'2);'
FPorage zooplankton was sampled with small (20.3) and.large (60.15
Bongo-net, and subtrawl net IKS-80 directly during haui._

At subsequent treatment of materials on hake feeding total
indices of fullness (in %co), food composition by mass (in %)
were caiculated. Indices of fullness were calculated basged on actu-
al food items weight and reproduced weight. (Methodical guide ...,
1974 ).

Since a study of diurnsl feeding trgnds revealed no ple%?
peak in different age-size groups at particula: diurnal rafion,
the method applied was based on food digeétion rate at two and
more peaks of stomach £1lling over 24-hour period.

Calculations of total food consumption by pbpulation and by
slze-age groups required such quantitative characteristics of bio-
logical processes as age, number of fish by ages (in %), welght 5y
ages, diurnal and aﬁnual fations, food composition by groups, food

“energetic egquivalent and etec.

RESULTS AND DISCUSSION

Repulated hake fishery with licernces within Cansdian econo-
mical zoné promotes successfgl Soviet fishing fleet_opefations only
whien the stock size is known; date of its going oul into the shelf
1a predicted, peculiarition of digtributlon are revenled, time of
ageregation formation and stability, which depends on food items

composition, amount and feeding dynamics of this species is déﬁer—,

mined., .
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program of joint Soviet-Canadian researches ig based on several
working hypothesis, such as ﬁhe following:

- ferﬁs and areas oﬁ hake aggregation for@ation‘are determined
by water masses dynamics, particularly at shelf slops;
| —‘aggrégation size and stability depenq on stock size ande
cémposition,food_item.amount, fgeding dynamicsganﬂ,Fggé of gonad
ripening. o

Reseafch of those aspects ig very important in short-term
i ] o ffshery prediction and recommendations on optimal-quotas size.

The first joint Soviet-Canadian cruise of the serieé waéiéarriQ
ed out on SRTM-K-8108 "Strelnyan from'May through September 1988..
Freliminary results show that in June-July aggregations occurence
and,denéity over the narrow shelf ares, allétted to oﬁr fishgry,
deﬁend primarily on abundant food availability and distributgbn,
which éreates significant concentrations of ﬁake and providés high
. | average diurnal catches. Analysis of fishery situation for the
l yeérs 5f licence fishery (1977-1985) re#ealed'(Vinogradov, 1988),
.that unfavourable temperatﬁre conditions as the,sheif,slopé in”
fishing area (August 1984, 1985) coingided with good foraging con-
ditions {calanus, young fish) promoting increase of &oung.fish:
abundance in July-August and concentration of adult hake, which
in turn providés high éatches.

- The next cruise of the Soviet-Can&di&n series was carried
out by R/V vessel RTMA-T7111 "Hvrika" from May fhrgugh July 1990.
Trophﬁlogical researches.in phis ecruise ﬁas aimgd.at qualitative
study of feeding, including diurnsl foad composition assessment
(diurnél ration) at natural conditions; Besideg diurnal vertical
migrétions, relations betweén halce and other séeciea; feeding
selectivity, qualitative and quanfitative food compositibn aﬁd

~distribubion were researched.

I Hake vertical migrations were researched bésed én:thelresults

0f pelagic-hauls. The data aveilable evidenced that fish moved

upwards from midday till 18.00-20,00 in the evening. The most

active hake feeding on the major food item M. norvegica OCCurred'__ S ) '
from’ 18.00-20,00' 4111 $.00-8.00. Diurdal food uptake for haké of | |

28-33 cm in length and averags weight of 163 g amcounted to 1.2% '
of-a body weight. According to Don Waldron (personal communi.cation)

diurnal raticn for that period amounted up to 1.5-2%.0f a body



weight. As in the first cruise, we observed food selectivity of
hake with preference of larger euphausgiids. Thus, during the first
two cruises quantitative chafacteristics of heke feeding, food
compogition and possibility of forage base.and feeding conditions
usefullness to compare with hake biomass and stock size.estimates
were obtained for the first time (Vinogradov, 1982). The posé&bili—
ty appeared to assess foraging conditions, pfomoting thé joung
fish abundance increase in summer (ﬁinogradov, 1988) and adult
fish food distribution over the trophical netWork (Vinogradov,
1986).

Haké diurnal ration assessment

In June of 199C¢ the results of diurnal hake feed1ng trends
revealed two feeding peaks at 20.00-1.30 and 6.00-10.30 (Fig. ' 1);
correlated with euphsugiid diurnal migrations (16.00 22 00 and
1.00-8.00; Fig. 2). | '

In July 1988 study of diurnal hake-feeding trends revealed
several peaks of stomach fulness, most apparent in fishes consum—
ing euphausiids (Fig. 3). Different groups of wmales and femals ﬁp—
take euphausiids at different time periods, sometimes even ééunter-
phase consumption occurred. Thus, the general feeding pattern in

July 1988 was similar to that in June 1950 (Fig, 4), particularly

'for coensumpiion of M. norvegica. )
The diurnsl ration wés calculated accofding to the metﬁod

of G. P. Romandva (1958), modified by Volk and described by

A, V. Kohan (1963). Digestion rate was assessed by feeding de-
crease. Ag the plot (Fig. 1) shows there were two sharp decreas%s
. of hake fecding activity in June: from 11:50 4ill 13:45 and from
15:50 £ill 17:50. The average amount of food degested within

2 hours was estimated bj means of those decreases in males. Then
the average food amount degested within 1 hour was deduced based
~on the two decreases. The result was 56.8% for en hour. As stomach:
fullness index increased, amount of food just consumed was esti-
mated taking in account food already digested. Thus, diurnal ra-
tion. of hake males 12-35 cm in length amounted to 13% of bod{
welght in June 1990. According to the method by B. N. Elkina
{(1952) and Yu. G. Yurovitskiy (1962) a daily ration is doubled

sum of,peak.stomach fullness indices, amounting to 179+160=339 in_

males and.doubled sum equals to 678 %co or 6.8%. According to
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the method by N. 3. Novikova (1951) tﬁe daily ration consists of
averaée food ambuﬂt consumed for an hour multiplyéd by 24 hours,
i. e. 56.8x24=1363.2%00 or 13.6%. A daily ration for females and
both sexes of all sizé groupg were calculated similarly. The
resyults obtained are pregentsd in Table 3.

The above mentioned methods were also used to calculate a
daily ration formales and females of variou§ size gfoﬁps i% Qu¥y

1988 (Table 3). The results shown in the table vary both in daily

" ration estimates, caleculated by different methods, and by menths.

Evidently that daily rations, calculated according to %hé methods
by Romanova, Kohan and Novikéva are gimilar as they based on the
common background estimate of consumption accounting food diges-’
tion rate, Howeve£ the value of food conéumptioﬁ according to

the method by Novikove is underestimated ss it accounted only di-

:gested food. Methods by Elkina and Yurovifskiy take into acoount

only peak indices of food consumption. The most accurate estimates
of daily rations were obtained according to the methods by Romai
nove, Kohan, as they took in account both food consumed during a
day and already digeéted. The method B& Novikova is based only

on feod digested; however, dufing a day fish digests food just

consumed, and increase or decrease of food consumption in June and

vJuly may result in rising or reduction of daily ration value.

Thus for abundant food items (euphausiids), dally ration values
according o Novikova, espécially in young fish {(12-25 cm) in
June were somewhat lower (Table 3) than those by Romanove an%
Kohén, buf higher than in July. In older fish, especially in fe~
malés, daily ration value varies in reiation to lafge prey con-
sumption and period of its digestion, which considerably increases
daily ration, sométimes up to 704 of a body weight,

'Thué method b& Romanova~Kchan ap?earéd te be the most relis
gble one of the three methods, as it fakes in account both food

censumption and digestion at particular diurnal periods.

¢alculation of annual ration for hake population

in the Scotian Shelfl agrea

The total annual food consumption for hake population was

" calculated based on the data on Scotian hake population amcunted

to 304.3 thous. % in 1988 and 352.7 thous. t in 1990 (Waldron

et al., 1991}, data on fifferent age groups abundance ratib,
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and relative annual ration estimates (Table 4). Various age group
proportion (in percents) by weight was obtained based-on the
known ratio (in percents) of different age groups abﬁndance in
populatlon and each fish age group weight. For thls purpcse per-
cent valus by abundance, instead of absent percent valum by
weight, wag multiplied by weight. Then all ages were summad and
percent value was cbtained for each age from that sum. The total
stock size (304.3 and 352.7 thous. t} was allocated bJ age grdhps
according to percent by weight obtained. Weight of a given age
aroup was multiplied by armmual ration (in % of welght, gi?en in
kilojoulés) to 5btain annual fobd donsumption by hake 6f each .“
age in kilojoules.

Food consumption in weight unité {(in thous. t, Table T, 8}
was calculated by dividing the above mentioned values by average
fcod energetical equivalént for a particularwage group (Table 5, 6);:
Using known food comp031t10n by age groups in percents by W?lght |
we calculeted forage species weight, consumed by heke of each
age. Sum of the latter values provided the total number of forage
gpecies of each group, consumed by hake males and females during
a year (Tablé 7, 8) and average hake food composition in percents
by weight.

in Julj the total food blomass, consumed annualy amcunted
ta 25,7 mln.t in 1988, based on a daily ration estimate in June
“and July. Fish constituted 66.5% of the totel amount, inéluding

55.6% (or 14.3 mln. t) of young hake. '

' In 1990 foed biomass, consumed by hake dur':Lr1=T the year,
amounted to 35.4 mln., t with fish constluutlng 36.4% including
27.9% or 9.8 mln. t of young halke.

Comparison of food composition and amount in July 1988 and
June 1990 revealed thet euphausilds (27%) and young hake (55.6%)
constituted the major food in July 1988, while in June 1990 the
bulk of food:consisted of three groups: euphausiids (34.1%),

young heke (27.94) and short-finned squid (28.2%). Thus, the
amount of the caloeric food available in 1990 was almost the same
(in purogntﬂ) ag in 1983, however, in June 1990 bthe bulk of Tood
consisted of tﬁo groups of young hake and squid, and inrjuly

1988 young hake dominated. svidently, in July young hake abui&ance
~sharply increased as a result of mass spawning. At naturai condi--

tions, however, there may be some factors reducing the sﬁecies




abundance when & cold front appeared on shelf, or increasing at
forage amount growth.(euphausiids). As to the euphausiid consump-
tion by hake, in June the absolute consumption value was 12.1
mln. t, as compared-to July, when it amounted to 6.9 mln. %

which Seemea to be related to this species reproduction. Buphau-
s5iid abundance growth in June, and that of young hake and gquid
in July affected hake feeding intensity, increasiﬁg it at éc?qu?

of the former at first and the latter oni

CONCLUSICN

Abundant plankton species, utilized as a food by hake, es-
pecielly by young one, undertook vertical migrations, followed
by hake. This resulted in hake catches increase, especially from
16:00 to 18.00 during major zooplankton (including euphsausiids)
ascent (16.00-24,00) and descent (4.00-8.00).

At euphausiid consumption by hake we observed different
size groups of males and females feeding at varicus intensity in
different time periods. For old females of 36-58 cm in length
which consumed less euphausiids and showed slight feeding
periodicity, one half of food consisted of fishes and another
half - of squid. Daily ration estimated for males and females
of 12-35 cm in length in July 1988 and June 1990 varied from
3.3 to 6.9 for males and from 6.3 bo 9.0% for females in July
1983; from 12.8 bto 13.0,6 for males and lrom 11,7 to 26.95% for fe-
males in June 1990. Daily ration of large females of 36-53 cm in
lengbh veried from 67.1 to 70.2 4 (evidenbly large prey was
consumned by heke in that day).

The Lotal Food blomuss, couswned by hake populubion (304.3
thous. t) in 1988 constituted 25.7 mln. t, wi%h figh proportion
66.5%, including 55.6% (or 14.3 mln. t} of young hake. In 1990
hake population of 352.7 thous. t conzumed 35,4 mln., t of food,
36.4% of which constituted fish including 27.9% (or 9.8 mln. t)
of young hake. Thus, caloric feood available in 1990 amounted to
value of the same order as in 1988, hewever, in 1990 hake food
consists of two groups of ycung hake and squid, and. in 1988 goung
hake dominated. At natural conditions many factor may affect the
foruge baze formation, however the best feceding conditions scems
to depend cn sbundance growth and biomass increment during the

period of forage species reproduction rather than on a cold front




development.

When hake abundance increases as a result of forage base
development, catches should be regulated by older age groups re-
moval (77 - 10%), as the latter provide no biomass growth and are
more suﬁjected to & natural mortaiity. Senior age groups (17 -4%)
provide significant biomass growth at favourable forage conditions
{euphaugiids and éammarides) and ghort trophic .chain. Location qE
.such'forage species concentration facilitates fished hake aggreéa%'
tions searching and provides successful hake fishery.-

;Hake stoék asgescment requires differential approach to the
problem of food supply for adult and young hake at various life

‘stages.
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Pig. 1. Total indices of stomach fullness for hake males and
females of various size groups alb diurnal station in

June 1990.
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Fig. 2. Catches (in g) of euphausiids, gyperiids by 30 min
periods at diurnal ‘basis in iay (large Bongo), June,

July (IK5-80, subtrawl met) in 1990.
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Pig. 3. Peeding intensity of hake males and females of various

size groups at diurnal station in July 1988.
Notifica%ion: 1,- forage zooplankton total biomass
(meinly copepods);
2 = euphausiids bioméss.
Note: hake size groups (in cm)‘and indices of stomachv

fullness (in %oo) by food items are presented.
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Fig. 4. Individual indices of stomach fullness (euphausiids)

for hake meles and females of various size groups at

diurnal station in June of 1990.
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