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ABSTRACT 

Some biological characteristics, such as growth rate and 
condition can, possibly, serve as indirect indices of the 
fishery stock state. To check this correlation analysis using 
data on the Scotian Shelf silver hake was made. Such growth 
index as mean weight by age group was proved to vary depending 
on the fishery stock abundance. In some cases statistically 
reliable negative correlation between hake weight and com-
mercial (standardized catches-per-unit-effort) and research 
(data of Canadian July bottom species survey) indices was ob-
tained. However some uncertainties don't allow to draw an un- 
disputed.conclusion concerning relationship between silver 
hake growth and abundance. 

INTRODUCTION 

In the history of the Scotian Shelf silver hake fishery and 

investigation cases of abundance increase and decrease occurred 

repeatedly. Relevant fishery and research vessel indices prove 

this. However, estimates of stock size and variances between the 

'highest and lowest biomass levels sometimes seem not to be quite 

reliable. Meanwhile, it can be assumed, that sharp variations of 

the population abundance are connected with food availability-

dependent biological characteristics. Growth rate and condition 

are meant primarily in this respect . ..This paper provides an 

attempt to establish relation of abundance to relevant biological 

characteristics. 

MATERIALS AND` METHODS 

Data collected from 1977 to 1990 inclusive were used. Stan-

dardized catches per unit of effort (CPUE) and abundance indices, 

of Canadian July surveys by age group (Waldron et al., 1991) 



were used to characterize hake abundance. Mean weight of hake for 

the years 1977-88 (Waldron et al., 1989) and 1989-90 (taken from 

AtlantNIRO) as well as averaged values for all ate-groups were 

used as growth indices. Preference was given to weight due to 

close relation of the latter to food availability. Weight of the 

specimens having the similar length is known to be quite different 

just for this reason. 

Relative condition, i. e. relation of specimen weight to 

the mean multiannual weight value of fish of the relevant length 

taken for 100% (Noskov, 1956) was chosen to estimate food availa-

bility situation during the previous years. Positive weight de-

viation from the average is assigned condition factor exceeding 

100%. Negate weight deviation should be considered as condition 

less than 100%. 

Correlation analysis was used as a basic method of studies. 

Initial data are presented in Table 1. Signs * or ** under corre-

lation coefficient show statistical significance at 5 and 1% 

levels. CPU values for 1982 and 1990 were rejected from the cal-

culations of relation between weight and OPUE as they didn't 

reflect the actual state of hake stock in those years. Number of 

specimens collected in July and used to calculate mean weight by 

size group for all years is shown below: 

Length, cm 26-27 28-29 30-31 32 - 33 34 - 35 

Number of specimens 1164 1480 1861 2220 2649 

RESULTS 

Subsequent analyses were based on the hypothesis assuming 

feedback between population abundance and fish weight. Relevant 

correlation coefficients obtained for age-groups 2,3 and 4, which 

make the bulk of the catches are presented in Table 2. 

The results obtained turned out to be rather contradictory. 

If in one case the hypothesis suggested got a certain proof, in 

the other one correlation between indices discussed was not found. 

So, the question appeares regarding reliability Of the abundance 

indices used in the study. This problem seems to be studied sepa-

rately. Within the present paper we tried to reveal coincidence 



rate between CPUE and research vessel indices, assuming that sta-

tistically significant correlation proves-reliability of the in-

dices mentioned (Table 3). ,  One can see from data presented that 

reliable correlation with probability of 99X, is available for the 

fish aged 2 and 1978 and 1981 year-classes. If to compare results 

obtained with the previous data one can suggest that ME is a 

reliable abundance index for the specimens aged 2, excluding 1982 

and 1990 year-classes, and the relationship between hake weight 

and abundance is an actual factor. 

Correlation coefficients were also calculated between mean 

weight values and hake abundance indices, which characterize 

fishery part of the population since age-group 1: 

Characteristics 

Weight and survey indices 	- 	0.22 

Weight and CPUE 	- 0.73 

Using data for all age groups their relatiOnship in the 

catch should be taken into account. Thus, it was decided to check 

on the following hypotheses: 

a) there is a feedback between abundance of fish at age 2 

(in per bent) and - mean weight of silver hake in the catch; 

b) there is a direct relationship between abundance of fish 

at age 3 and 4 (in per cent) and mean weight of silver hake in 

the catch. 

The results of the relevant calculations are presented 

below: 

Characteristics 

Weight and abundance of fish 

at age 2 (%) (1977-1990) 	- 	0.51 

Weight and abundance of fish 

at age 3 and 4 (70) (1977 - 90) 	-  0.24 

Basing data mentioned above we may conclude that silver 

hake age structure in the commercial catches only partly influ- 

ences mean weight value by year: High correlation coefficient be-

tween weight and CPUE (r= -0.73) shows the influence of the other 

factors. And again a supposition rises in the mind concerning 

abundance impact on the interannual variations of mean weight 

values. 



Reverting to the question of relationship between CPUE and 

survey abundance indices it should be mentioned that correlation 

between these values often appears to be unauthentic and atten-

tion should be paid to the strong variations of the characteris-

tics discussed from year to year. These variations possibly result 

from the factors not referring to abundance. 	• 

Attempts to increase the level of reliability rejecting some 

indices for these and those years seem to be questionable as in 

this case we can trace some elements of subjectivity. To avoid 

the latter and obtain more clear view of the tendencies concern-

ing abundance and mean weight variations for the years 1977-90 

inclusive method of the sliding means for the 3-year period was 

applied (Table 4). 

Figures 1 and 2 show tendencies of abundance variations 

based on the above-mentioned data. Curves in Fig. 1 allow to 

single out the following periods: 

a) low hake abundance: 1977-83 (periods from 1 to 5); 

b) abundance increase and stabiliXation at high level: 

198489 (periods from 6 to 11); 

c) possible start-point for some abundance decrease: 1990 

(period 12). 

The situation looks a little bit different in Fig. 2. For 

some periods evident contradictions with the tendencies desribed 

earlier can be found. Comparing fishery data with juvenile hake 

abundance indices allows to conclude that picture in Fig. 1 is 

more real. 

Correlation coefficient between sliding CITE mean values 

• and research vessel indices are given below: 

Age (yr) 	2 	3 	4 	All groups 

r 	0.48 	-0.26 	0.10 	0.63 

It is evident that as compared with the data presented in 

Table 3 we have no improvement of the situation excluding value 

of the correlation coefficient for "all groups". 

Thus, application of sliding means method didn't help to 

decrease discrepancy between independent abundance indices. And 

now we should check whether it is expedient to apply the method 

mentioned for analysis of relationship between weight growth 

and abundance (Table 5). 



As we can see in this case commercial abundance indices for 

all age-groups allow to obtain reliable correlation coefficients. 

As for research vessel indices we haven't got improvement as 

compared with the previoUs results (Table 2): 

In conclusion let us analyse data on silver hake weight by Cima; 
Cana S ■5„) 

size-group and year (Table 6) and then compare them with the 

total abundance indices not broken down by size-groups. Relation-

ship between characteristics is shown in Table 7. 

It can be noted that fish length-dependent condition ex-

ceeded mean value in 1978, 1979 and 1982'(Table 6) when fishery 

stock was rather. low. Mean value of stomach index in those years 

turned out toberather high. Euphasiids prevailed in the silver 

hake diet (Table 3). Since abundance increase silver hake condi-

tion dropped down and in 1984, 1985 and susequent years was 

found to be below the average. 

DISCUSSION 

Taking into account some uncertainties regarding estimate 

of the stock state the results obtained, possibly, do not allow 

to make an undisputed conclusion on the relationship between 

silver hake weight growth and abundance, though some facts prove 

real existence of this relationship. It is not difficult to trace 

the logical chain in this case (abundance - food availability -

weight growth), Some examples of feedback between fish abundance 

and growth rate are given in the book by G. V. Nikolsky (1974). 

Feedback between lake herring (Coregonus artedii) denZity and 

linear growth rate was found by Bowen et al. (1991). Possibly, 

such biological characteristic as mean weight of fishes belong-

ing to one or another age or size group can be used as inderect 

index for the state of abundance of fiShery stock. 

Scarcity of food results in growth inhibition in males 

(Becker, 1959) and reciprocal influence of contiguous year-classes 

on fish growth (Shatunovsky, 1965). Probably, this is the case 

with silver hake. In our opinion the studies should be continued 

untill more definite results are obtained. 
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Table 2 Relationship between abundance and weight for 

silver hake aged 2-4 

A g e GYVE and weight 
Survey abundance index 

and weight 

2 	-0.62 * 	-0.04 

3 	-0.53 	-0.20 

4 	-0.55 	-0.17 

Table 3 Relationship between CPUE and research vessel 

abundance indices 

A g e r Year-class 

2 0.75 ** 1976 0.43 

3 0.21 1977 0.69 

4 0.10 1978 0.99 ** 

All age 
groups 0.56 * 1981 0.98 ** 

1983 0.42 

Table 4 	Sliding means for silver hake weight, CPUE and 

research vessel abundance indices by age group 

No. 
: 

: 	Years 	: 
Mean weight, kg : CPUE 	:Research 

: 
vessel 

indices 

2 	! 3 	! 4 ! 	2 	! 3 	! 	4 	: 2 	: 	3 	! 	4 

1. 1977-1979 0,173 0,243 0.300 3.642 4.818 2.123 6.788 3.500 1.117 
2. 1978-1980 0.160 0.230 0.280 3.422 3.608 1.741 7.720 6.017 2.493 
3. 1979-1931 0.167 0.223 0.283 2.273 3.802 1.600 9.769 9.856 4.213 
4. 1980-1982 0.160 0.220 0.280 2.878 4.829 2.988 I4[469 10.300 5.561 

5. 1981-1983 0.157 0.213 0.267 4.239 5.219 3.255 16.237. 8.333 4.677 

6. 1982-1984 0.150 0.203 0.247 4.715 7.441 4.240 10.758 10.909 3.925 

7. [983-1985 0.140 0.157. 0.223 5.302 6,842 4.342 11.730 9.378 4.282 
8. 1984-1936 0.147 0.133 0.213 4.580 10.715 5.506 10.909 10.458 4.393 
9. 1985-1987 0.137 0.180 0.213 10.161 10.251 5.322 17.452 5.037 3.760 

10. 1986-1988 0.137 0.183 0.220 9.291 13.920 4.324 14.683 6.606 1.944 
II. 1987-1989 0.126 0.186 0.240 10.178 12.406 4.725 14.000 5.067 1.637 
12. 1988-1990 0.121 0.187 0.246 6.814 11.064 3.700 9.309 4.931 1.438 



- 9 

Table 5 Relationship between abundance indices and 

Weight (sliding means) for the silver hake 

aged 2 - 4 

A g e CPUE 	and weight 
Research vessel 

index & weight 

2 

4 

-0.81 

-0.86 

-0.66 

**- 

** 

* 

-0.33, 

-0.05 

Table 6 Silver hake mean weight (kg) and condition (per cent of multiannual 

mean) by size group and year 

Length, 
cm 

1978 1979 	1980 	1981 	1982 

Condition:Weight:Condition:Weight:Condition:Weight:Condition ;Weight:Condition:Weight: 

26-27 0,175 136 0,120 97 	- 0,128 99 0,104 80 0,129 100 

28-29 0,207 126 0,178 ' 	100 0,166 IOI •.0,148 90 0,171 104 

30-31 0,226 109 0,221 ... 	107 0,198 96 0,181 88 .  0,206 I00 

32-33 0,276 112 0,272 110 .0,244 99 0,257 104 0,256 104 

34-35 0,331 112 0,305 . 104 0,293 99 0,280 95, 0,323 II0 

Table'6 (continued) 

Length, 	' 1984 1985 1986 1987 

cm : Weight:Condition: Weight:Condition ; Weight:Condition : Weight;Condition 
• 

2.3-27 0,126 98 	• 0,125 97 0,'127 98 0,126 97. 
28-29 134 88 0,139 97 0,158 97 0,159 97 

30-31 0,188 91 0,208 101 0,211 102 0,222 107 
32-33 0,210 86 0,226 92 	. 0,237 96 0,242 98 
34-3u 0,232 89 0,276 94 0,291 99 0,288 98 

Table 7 Relationship between abundance. indices and weight 

of different silver hake size groups 

Length, 	: 
cm CPU 	and 	weight - 	Research vessel index' ' 	and weight  

26-27 - 0,002 - 0 ,Q7  

28-29 - - 0,36 - 0,53 

30-31 0,23 - 0,13 

32-33 - 0,57 - 0,48 

34-35 - 0,31 - 0,25 



shrimp 	shrimp 
April 

Euphau- -
siids 

1.63 	

- 	

0.88 	0.95 

Type of food 

Mean value 

euphau- - 	euphau- 	calanus 	fishes 	

- 	

mycto- 
slide 	 phids 

0.27 	- 	1.5 
	

1.45 	103 	

- 	

134 

Type of food 

August 
Mean value 

Month Feeding 
indices 

YEAR 

1988 	1989 	' 	1990 

Type of food shrimp 
April Mean value 	0.95 

shrimp 

0.29 

May 
Type of food 	shrimp 	shrimp 

euphausiids 
Mean value 	1.74 	1.09 

euphausiids 

1.09 

Type of food shrimp 	gammarids 	euphausiids 
June 	euphausiids 

Mean value 	1.43 	0.56 
	

1.43 

July Mean value 	2.39 
shrimp 

0.45 

Type of food shrimp 

- 10 - 

Table 8 Food composition and feeding intensity for the Nova Scotian silver 

hake by year 

' Feeding 
Month : indices' 1978 : 1979 	:1980: 	1981 ) 	1982 h 1983 : 	1984 r 	1985 	: 	1986 	1987 

Year 

Type of food euphau- euphau- - 	

- 	

euphau- 	 euphau- 

May 	siids 	siids 	siids 	shrimp calanus - fishes 	- 	siids 

Type of food euphau- - 	euphau- shrimp calanus 	fishes 	euphau- euphau- 

	

slide 	 siids 	 siids 	siids, 
June 	 calanus 

Mean value 	1.50 	- 	- 	1.42 	1.94 	0.92 	1.37 	1.91 	1.43 

Type of food 

July . 
Mean value 

- euphau- - 	euphau- shrimp calanus 	fishes 	euphau- euphau- 
siids 	siids 	 siids, 	siids 

gammarids 
0.69 	- 	1.11 	1.39 	0.88 - 	1.56 	1.00 	- 1.51 

Mean value 	1.80 	1.56 	- 	

- 	

0.20 	1.09 	1.14 	1.05 	1.14 

	

Type of food euphau- euphau- - 	euphau- euphau- shrimp •calanus fishes 	euphau- euphau- 
April- 	siids 	siids 	siids 	slide 	 siids 	siids 

August Mean value 	1.65 . 	0.84 	

- 	

1.63 	1.06 	1.32 	1.07 	1.33 	0.96 	1.48 

Table 8 (continued) 

Type of food 	_ 
August 

Mean value 

April-Type of food 	shrimp 	shrimp 	euphausiids 
August 	1.63 	0.60 

	
1.48 
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FIGURES 

Fig. 1. Dynamics of (UWE sliding means by age-group (2, 3 and 4) 

and period. 
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Fig. 2. Dynamics of mean sliding indices for July surveys by age 

group (2, 3 and 4) and period. 
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