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Abstract

Pat content in muscles and gonads of silver hake and red
hake is low and relatively constant. Any indication of fat
content in the entire fish organism can be given by the amount
of fat in the liver, which is fat depot for these species.
Since fat content in the orgenism is proportional to liver
weight, the latter may be used for calculation of fat content
in the organism, which is especially useful for field inves-
tigations. Pat reserves in the fish organism can be estimated
using formulas y = 0.54x - 0.50 for silver hake, and
y = 0.35x - 0.09 for red hake, where y is fat reserve and X
is liver weight.

Introduction

Among major factors that characterize food supply for fish
throughout their yearly life cycle are fatness and condition
factor. The fish belonging to different systematic groups

accumulate fat in different organs. In Cyprinidae, Clupeidae

and Pleuronectidae fat accumulates in hypodermic tissue,

muscles and on the intestine. For Macruridae and Gadidae the

liver serves as fat depot (Podrazhanskaya, Yarzhombek, 1970;
Shevchenko, 1971). However fat content in different parts of
the fish body is subject to congiderable fluctuations due to
biological condition, age and sex of the fish, season, state of

food resources and other environmental features (Shulman, 1960;
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Minder, Khobotilova, 1966; Maslennikova, 1966). The availabili-
ty of fat reserves in the body of the fish varies during the
year depending on functional peculiarities of the organism,
which manifest themselves in one or another time period of the
life cycle. Hencesthere exists a close>agreement between the
fat accumulation rate, as one of the major indices of physio-
logical condition of the fish after wintering, and the strength
of the spring spawning migrations, maturation rate and the
quantity and quality of sex cells. The present paper is aimed
at calculation of rates of fat accumulation in muscles, gonads
and liver of silver and red hakes during pre-spawning migra-
tions. Based on actual data a fat content to liver weight ratio
Was determined for these fish, since in Gadoids all physio-
logical processes affect the liver above all (Minder and

Minder, 1967). The results are given as formulas suitable for

calculation of total fat content in the organism, which is

especially useful for field investigations (Shubnikov, 1962).

Materials end Methods

Samples of muscles, gonads and liver, and the morphometric
data for silver and red hakes caught simultaneously in March
1978 in the Hudson Canyon area on the shelf of Mid-Atlantic
US states at the 120 m depth were used for the study. The fish
was represented by the individuals at maturity stages I-III

and some immature silver hake specimens.

Batches (2 g) of raw defrosted tissues of muscles, gonads
and liver (Lapin, Chernova, 1970) were carefully ground toge-
ther with anhydrous sodium sulfate and thoroughly washed by
ethyl ether on sterile cotton filters using the express-method
according to GOST 13893-68 and the mettnd by Krivobok and
Tarkovskaya (1962). 57 silver hake and 42 red hake specimens

were processed.

The variational statistics method (Plokhinsky, 1970) was
applied to analyse the data for fat content in raw tissues of

liver (%) and the weight of liver (% of gutted fish weight).
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Relative weight of liver multiplied by its fat content gave

the value of fat reserve in liver (% of gutted fish weight).
Results

As reported by Minder and Khobotilova (1966), fatness of
muscle tissues of the Northwest Atlantic silver hake is 2.6%
on the average ranging from 1.2 to 4.1%. Our data (table 1)
showed that fatness of‘silver'hake muscles fluctuated between
0.4 and 1.9% which constituted 0.8% on the average. With the
growth of the body length fat content in male and female
muscles increases from 0.8 to 1.1% and from 0.7 to 0.9%
respectiQely, which can be explained by earlier maturation of
males. As is evident from the data presented in table 1, the
fluctuations of fatness of silver hake muscles as well as
variation of its values for males, females and immature speci-
mens, are insignificant and remain more or less constant
during the year, as is the case with the Baltic cod (Meslenni-

kova, 1966) and silver hake (Minder, Khobotilova, 1966).

Like in silver hake, fat content in red hake muscles
fluctuates from 0;4 to 1.7% with the mean value of 0.8%
(table 1).

Fat content in silver hake gonads fluctuates from 0.3 to
14.3% and makes up 3.5% on the average. Fat content in male
gonads somewhat exceeds that in females and decreases in both
males and females With the growth of the body length. Mean fat

“content decreases almost two times with the increase of rela-
tive weight of gonads from 0.1 to 3.3% (table 2). Although the
gonads are not fully developed in March, the mean value of fat
content given in % of the gutted fish weight increases with
the increase of the relative weight of gonads. Absolute values

of fat content are low and range between 0.01 to 0.1%.

Fat content in red hake gonads is considerably lower,
comprising 1.6% on the average and fluctuating from 0.3 to
4.6% (table 2). Mean fat content decreases almost twice with

the increase of relative weight of gonads from 0.2 to 2.5%.
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Converself, fat content given in % of the gutted fish wéight
increages from 0.91 to 0.4% with the increase of the reldtive
weight of gonads; Although fhere is no indication of ‘the
increase of fat contént in male or female gonads with the

growth of the body length, it is twice as high in males as in
females,'which can be attributed to earlier maturation of males.
‘These éomparisons suggest ﬁhat, in ail likelihood,’the process
pf slow accumulation of fat in gonads of both silver énd red
hake parallels the process of maturation, for which fat require-

ments are‘beyond doubt.

The liver of silverieke and the other Gadidae confains
24.7% of fat on the average (1.7-78.7%) (table 1). Congiderable
vfluctuations of fat content in liver are éaused by numerous
factors. Apart from individual differences, variations in age
and sex and feeding conditions in different parts of the sea in
winter are very important. Since, in Gadidae, all physiological
processes affect the liver above éll, the studies are focused

“on this organ. Relative weight bf liver is 1inear1y reiated to .
“its fat content, and both absolute and relative fat content
(% of gutted fish weight for both species) increase with the
increase of the liver weight. Table 3 contains mean values and
branges of absolute and relative fat content in liver for silver

and red hakes.

The datea presented in table 4 indicate a positive correla-
tion between the weight and fat content in silver and red hake
liver and the value of-the fat reserve in liver (correlation
factors were 0.94 and 0.86 respectively for‘silver hake, and
0.82 and 0.77 for red hake). ‘ '

The analysis of regression of the liver fat reserve value
relative to the weight and fat content of the liver showed that
a dependence between these values can be described by equations
of straight line ( y = Ax + B) for regression by weight, by
'exponenﬁional function ( y = A*1 ) for regression by fat

content for silver hake, and by logarithmic function
N .
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(y =4+ 3Blg X5 ) for regression by fat content for red hake,

where y is the fat reserve value, x is the weight of liver;

X, is fat content in silver hake liver, X2 is fat content in

‘red hake liver, and A and B are régression factors. The analy-

sis of regression of the fat reserve value by fat content in
liver separately for meles and females, and for males and fe-
males combined shbWed'that for red hake both the 1ogarithmic
dependence and high correlation factors have approximately one
shall error; a power dependence for silver hake males and
exponential functions for meles and females combined and sepa-
rately for females also have a small errof. Evidently, in March,
fat accumulates in livers of red hake males and females evenly,

and in silver hake males more slowly than in females.

Due to low and relatively constant fat content in the:other
orgaens end tissues of silver hake (to 4%) and red hake (to 1%)
(Minder, Khobotilova, 1966; Kleimenov, 1971), fat content in the

entire fish organism can be determined from the liver weight.

It should be noted that the relative liver weight and its
fat content are subject to large fluctuations and depend on

feeding conditions. However the comparison of mean values showed

digtinctly that the liver weight and its fat content are linear-

ly related to the age of the fish, and to‘fat content in liver
and the relative weight of the latter. Therefore utilization
of the concept of the relative weight of liver for character-

istic of fatness of these Gadoid species is well-grounded.

From the above-stated it Tollows that the liver weight and
its fat content in silver and red hakes are accurate enough
indices: for evaluation of fat reserve in the organism, which
can be calculated from the presented formulae summed with the

fat content values for. the other organs and tissues.
Conclusions

1. In March fat content in silver hake muscles fluctuates
from 0.4 to 1.9% and constitutes 0.8% on the average. Compared

with females,fat content in male muscles increases more marked-
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ly with the growth of the body length.

2. In the same period fat content in red hake muScles

fluctuates from 0.4 to 1.7% and constitutes 0.8% on the average.

3. Fat content in silver and red hake- gonads is on the

average 3.5% and 1.6 respectively.

4. Fat content in per cent of the gutted fish weight
increases with the increase of the reiatiVe weight of gonads
from 0.01 to 0.1 for silver hake, end from 0.01 to 0.04 for
red hake. '

5. Relative weight of liver is linearly related to its fat
content, which indicates that both the absolute and relative
fat content (in % of gutted fish weight) increase with the

increase of liver weight in both species.

6. Due to low and relatively constant fat content in the
other organs and tissues of silver and red hakes, fat content
in the entire fish organism can be determined from thé weight

of liver and calculated from the formulae:

0.54% - 0.50 . for silver hake,

¥

and y = 0.35x - .0.09 for red hake,

where x is weight of liver.
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