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ABSTRACT 

Diurnal rations of hake females and males were calculated 
by size-groups based on joint Soviet-Canadian cruises in 1988, 
1990. 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 permissible population biomass of species is 

determined by food supply, i. e. by availability of particular 

food quantity and quality to be utilized by specimens for body a 

 forming and stock reproduction. (Nikolsky, 1974). At hake stock 

assessment food supply of young and adult fishes should be consi- 

dered separetely, as food amount,required for normal vital activity 

of variuos groups during particular period, became one of the 

major factors of species growth and production rate. (Rikhter and 

Vinogradov, 1992). Rational fishery management requires the quanti-

tative estimate of food relations between size-age groups of a 

species and members of association as well as the estimate of fo-

rage base• parts, quantitative relations of those parts and food 

amount, utilized by major consumers. Food amount, utilised by 

fish during a settain period of time (e. ,g. a diurnal period), 

defines aeration, the estimate of which permits to assess a rela- 

Lktu oftect of population on the forage bane and vice versa. 

MATERIAL AND METHODS 

In the article the information obtained from two joint 

Soviet-Canadian cruises in 1988 and 1990 were used. Stomachs were 

sampled from hake of the following size-age groups: 12-20 cm and 



21-25 cm (1 -1 , 2 -buvenile); 26-35 cm (3 + , 4 + , 5+ , 6 +  mature, parti-

cipating in mass spawning); 36-58 cm (7 -1  - 10+  fishes of older 

age groups with considerable natural mortality, mainly females). 

Stomachs were sampled, from males and females separately. 

To reveal diurnal feeding dynamics and ration of hake hauls 

were carried out every 2-3 hours during at least 23 hour Periods. 

In the area of Scotian Shelf two diurnal stations were carried out 

with DT/TV 30/36 and "Hake-4" trawls during 25-26 July 1988 and -- 

 2-3 July 1990. 

Samples for feeding analysis were taken over entire 24-hour 

period, 40 specimens from each trawl in average. Totally 436 speci- 
a 

mens were analyzed in 1988 and 974 specimens in 1990 (Tables 1', 2). 

Forage zcoplankton was sampled with small (20.3) and large (60.1) 

Bongo-net, and subtrawl net IKS-80 directly during haul. 

At subsequent treatment of materials on hake feeding total 

indices of fullness (in %oo), food composition by mass (in %) 

were calculated. Indices of fullness were calculated based on actu-

al food items weight and reproduced weight. (Methodical guide ..., 

1974). 

Since a study of diurnal feeding trends revealed no clear 

peak in different age-size groups at particular diurnal ration, 

the method applied was based on food digestion rate at two and 

more peaks of stomach filling over 24-hour period. 

Calculations of total food consumption by population and by 

size-age groups required such quantitative characteristics of bio-

logical processes as age, number of fish by ages (in X,), weight by 

ages, diurnal and annual Cations, food composition by groups, food 

energetic equivalent and etc. 

RESULTS AND DISCUSSION 

Regulated hake fishery with licences within Canadian econo-

mical zone promotes successful Soviet fishing fleet operations only 

when the stock size is known, date of its going out into the shelf 

is predicted, peculiarities of distribution arc revealed, Lime of 

aggregation formation and stability, which depends on food items 

composition, amount and feeding dynamics of this species is doter- • 

mined. 



program of, joint Soviet-Canadian researches is based on several 

working hypothesis, such as the following: 

- terms and areas of hake aggregation formation are determined 

by water masses dynamics, particularly at shelf slops; 

- aggregation size and stability depend on stock size and 

composition,food item.amount, feeding dynamics and rate of gonad 

ripening. 

Research of those aspects is very important in short-term 

fishery prediction and recommendations on optimal quotas size. 

The first joint Soviet-Canadian cruise of the series was carri-

ed out on SRTM-K-8108 "Strelnya" from May through September 1988. 

Preliminary results show that in June-July aggregations occurence 

and,density over the narrow shelf area, allotted to, our fishery, 

depend primarily on abundant food availability and distribution, 

which creates significant concentrations of hake and provides high 

average diurnal catches. Analysis of fishery situation for the 

years of licence fishery (1977-1985) revealed (Vinogradov, 1988), 

that unfavourable temperature conditions at the shelf slops in' 

fishing area (August 1984, 1985) coincided with good foraging con-

ditions (calanus, young fish) promoting increase of young fish 

abundance in July-August and concentration of adult hake, which 

in turn provides high catches. 

The next cruise of the Soviet-Canadian series was carried 

out by R/V vessel RTMA-7111 "Evrika" from May through July 1990. 

Trophological researches in this cruise was aimed, at qualitative 

study of feeding, including diurnal food composition assessment 

(diurnal ration) at natural conditions. Besides diurnal vertical 

migrations, relations between hake and other species, feeding 

selectivity, qualitative and quantitative food composition and 

distribution were researched. 

Hake vertical migrations were researched based on the results 

of pelagic hauls. The data available 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. sorvegica occurred 

from 18.00-20.00 till 6.00-8.00. Diurnal food uptake for hake of 

28-33 cm in length and average weight of 163 g amounted to 1.21/ 

of-a body weight. According to Don Waldron (personal communication) 

diurnal ration for that period amounted up to 1.5-27L.of a body 



weight. As in the first cruise, we observed food selectivity Of 

hake with preference of larger euphausiids. Thus, _during the first 

two cruises quantitative characteristics of hake feeding, food 

uomposition 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 possibili-

ty appeared to assess foraging conditions, promoting the young 

• fish abundance increase in summer (Vinogradov, 1988) and adult 

fish food distribution over the trophical network (Vinogradov, 

1986). 

Hake diurnal ration assessment 

In June of 1990 the results of diurnal hake feeding trends 

revealed two feeding peaks at 20.00-1.30 and 6.00-10.30 (Fig. 1), 

correlated with euphausiid 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 males and femalm up-

take euphausiids at different time periods, sometimes even counter-

phase consumption occurred. Thus, the general feeding paErn in 

July 1988 was similar to that in June 1990 (Fig, 4), particularly 

for consumption of M. norvegica. 

The diurnal ration was calculated according to the method 

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

A. V. }Cohan (1963). Digestion rate was assessed by feeding de- 
a 

crease. As the plot (Fig. 1) shows there were two sharp decreases 

of hake feeding activity in June: from 11:50 till 13:45 and from 

15:50 till 17:50. The average amount of food degested within 

2 hours was estimated by 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 an 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 bock 

weight in June 1990. According to the method by B. N. Elkins 

(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 ,,Soo or 6.8%. According to 



the method by N. S. Novikova (1951) the daily ration consists of 

average food amount consumed for an hour multiplyed by 24 hours, 

i. e. 56.8x24=1363.2%oo or 13.6%. A daily ration for females and 

both'sexes of all size groups were calculated similarly. The 

results obtained are presented in Table 3. 

The above mentioned methods were also used to calculate a 

daily ration_ formales and females of various size groups in July • 

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

ration estimates, calculated by different methods, and by months. 

Evidently that daily rations, calculated according to the methods 

by Romanova, Kohan and Novikova are similar as they based on the 

common background estimate of consumption accounting food diges-

Lion rate. However the value of food consumption according to 

the method by Novikova is underestimated as it accounted only di-

gested food. Methods by Elkina and Yurovitskiy take into account 

only peak indiceS of food consumption. The most accurate estimates 

of daily rations were obtained according to the methods by Roma-

nova, Kohan, as they took in account both food consumed during a 

day and already digested. The method by Novikova is based only 

on food digested, however, during a day fish digests food just 

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

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

Thus for abundant food items (euphausiids), daily ration values 

according to Novikova, especially in young fish (12-25 cm) in 

June were somewhat lower (Table 3) than those by Romanova and.  

Kohan, but higher than in July. In older fish, especially in fe-

males, daily ration value varies in relation to large prey con- 

sumption and period of its digestion, which considerably increases 

daily ration, sometimes up to 70A of ,a body weight. 

Thus method by Romanova-Kohan appeared to be the most reli-

able one of the three methods, as it takes in account both food 

consumption and digestion at particular diurnal periods. 

Calculation of annual ration for hake population 

in the Scotian Shelf area 

The total annual food consumption for hake population was 

calculated based on the data on Scotian hake population amounted 

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

at al., 1991), data on fifferent age groups abundance ratio, 



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 abundance in 

population and each fish age group weight. For this purpose per-

cent value by abundance, instead of absent percent value by 

weight, was multiplied by weight. Then all ages were summed and 

percent value was obtained for each age from that sum: The total 

stock size (304.3  and 352.7 thous. t) was allocated by age grIpa 

according to percent by weight obtained. Weight of a given age 

group was multiplied by annual ration (in % of weight, given in 

kilojoules) to obtain annual food consumption by hake of each 

age in kilojoules. 

Food consumption in weight units (in thous. t, Table 7, 8) 

was calculated by dividing the above mentioned values by average 

food energetical equivalent for a particularcage group (Table 5, 6). '  

Using known food composition by age groups in percents by weight 

we calculated forage species weight, consumed by hake of each 

age. Sum of the latter values provided the total number of forage 

species of each group, consumed by hake males and females during 

a year (Table 7, 8) and average hake food composition in percents 

by weight. 

In July the total food biomass, consumed annualy amounted 

to 25.7 mln.t in 1988, based on a daily ration estimate in June 

and July. Fish constituted 66.5% of the total amount, including 

55.6% (or 14.3 mln. t) of young hake. 

In 1990 food biomass, consumed by hake during the year, 

amounted to 35.4 mln. t with fish constituting 36.4% including 

27.9% or 9.8 mln. t of young hake. 

Comparison of food composition and amount in July 1988 and 

June 1990 revealed that euphausiids (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 hake (27.9%) and short-finned squid (28.2%).  Thus, the 

amount of the caloric food available in 1990 was almost the same 

(in percents) as in 1988, however, in June 1990 the bulk of food 

consisted of two groups of young hake and squid, and in July 

1988 young hake dominated. Evidently, in July young hake abundance 

sharply increased as a result of mass spawning. At natural condi-

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



abundance when a 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. t 

which seemed to be related to this species reproduction. Euphau-

siid abundance growth in June, and that of young hake and .quid 

in July affected hake feeding intensity, increasing it at account l e  
of the former at first and the latter 

CONCLUSION 

Abundant plankton species, utilized as a food by hake, es-

pecially 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 euphausiids) 

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 various 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 6.9,6 for males and from 6.3 to 9.0% for females in July 

1983; from 12.8 to 13.0,6 for males and from 11.7 to 26.9% for fe-

males in June 1990. Daily ration of large females of 36-58 cm in 

length varied frOm 67.1 to 70.2 X (evidently large prey was 
a 

consumed by hake in that day). 

The total food biomass, consumed by hake populaUlmn (304.3 

thous. t) in 1988 constituted 25.7 mln. t, with fish proportion 

66.5%, including 55.6% (or 14.3 mln. t) of young hake. In 1990 

hake population of 352.7 thous. t consumed 35,4 min. t of food, 

36.4% of which constituted fish including 27.9% (or 9.8 mln. t) 

of young hake. Thus, caloric food available in 1990 amounted to 

value of the same order as in 1988, however, in 1990 hake food 

consists of two groups of young hake and squid, and. in 1988 young 

hake dominated. At natural conditions many factor may affect the 

forage base formation, however the best feeding conditions seems 

to depend on abundance 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 (7 +  - 10 + ), as the latter provide no biomass growth and are 

• more subjected to a natural mortality. Senior age groups (1 4- -.4 + ) 

provide significant biomass growth at favourable forage conditions 

(euphausiids and gammarides) and short tmphic chain. Location of 

such forage species concentration facilitates fished hake aggregar 

 tions searching and provides successful hake fishery. 

Hake stock assessment requires differential approach to the 

problem of food supply for adult and young hake at various life 

'stages. 
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Fig. 1. Total indices of stomach fullness for hake males and 

females of various size groups at 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 May (large Bongo), June, 

July (IK3-80, subtrawl net) in 1990. 
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15 0 

Fig. 3. Feeding intensity of hake males and females of various 

size groups at diurnal station in July 1988. 

Notification: 1,- forage zooplankton total biomass 

(mainly copepods); 

2 - euphausiids biomass. 

Note: hake size groups (in cm) and indices of stomach' 

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

for hake males and females of various size groups at 

diurnal station in June of 1990. 
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