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_ ABSTRACT

The paper considers methods and results of measurements of
the average target strength of blue whiting made on scattered
aggregations of freely swimming fish in the Norwegian Sea in
1982-1984, The measurements were taken aboard the RV'Persey-III"
during echometric surveys of blue whiting in different parts of
the Norwegian Sea. A compact two-channel echo integrating and
echo counting device EI-2 connected to the EK-5-~38 was used for
target strength measurements and echom;tric surveying. Average
target strengths of single fish {TS> and of 1 kg biomass<fTSkg>
in different feeding periods of blue whiting were determined.

INTRODUCTION

vEchometric surveys of blue whiting were conducted west and
north-west of Ireland and Great Britain in March~-April. Fish mi-
grating after spawning to feed as well as immature fish were then
surveyed in the northern Norwegian Sea. In March-April blue whi-
ting forming dense aggregations were recorded primarily at the
depth of 300-500 m. From late April onwards blue whiting went up
to the depths of 150-300 m at night and in the upper part of
aggregations fish were recorded by the echo sounder individually.
In July both at night and in the daytime blue whiting in northern
parts of the sea were recorded in scattered aggregations at depths
120-150 m.

Precisely in those periods when fish were‘recorded indivi-
dually echo signals from single fish were measured, blue whiting
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in the surveyed layer were fished and size composition of fish,
their average length L, mean weight W, absolute calibration coef-
ficient C of echo integrator readings M, average target strength

J TS D> of single fish and that of 1 kg biomass were determined.

MATERIAL AND METHODS

It is known that the average tg;get strength of fish in situ
may be measured with instrumental cénstants of the echo sounder
CES and echo integrator GEI‘ as well as absolute calibration coef-
ficient C of echo integrator readings M estimated on aggregations
- of freely swimming fish first determined. In this case the average
target strength of £ish {T6 > and of f-kg biomass <(Tsk5)>are
calculated by the formulae (Burczynski et al., 1982):

<18 >= 10 log 3430 * 10740y =Cyy 1+ TVG=10 log C;
C == (SL+VR)=10 ;ng;sg;‘: +20 Logr +2Ax,~ 10 1og ¥;
CEI= 10 log M - 20 log URMS' 10 lpg H;
<T8r <T8>= 10 log v | )
where SL - transmission level of the echo sounder, db/ . Pa/m;
VR - sensitivityvoﬁ the echo sounder, db/V /. Pa;
¢ - sound velocity in water, w/s;
7" - length of transmitted pulse, s;
A TVG - difference between theoretiwal and actual TVG function
at surveyéd‘depth;’ -
T, - maximum depth of TVG function, m;
A - coefficient o{ sound absorption in water, db/m
9/- equivalent width of the directivity diagrammc o the
echo sounder, steradian; »
H - thickness of the integrated layer, m;
;,- average weight of fish, kg;

UpMs = effective voltage at echo integrator input, V

Constants CES and CEIvmay be estimated accurately enough:
CES is usually determined with the help of a hydrophone (Bodholt
et al., 1979) or calibrated sphere (Foote et al., 1982), CEI is

calculated using standard electric instruments. There are several
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methods (echo counting and photogrammetric methods, using cages
with live fish, basing on catch size within integration range)
to calculate the coefficient C at present, each of which has its
shortcomings and advantages. Major advahtases of the echo coun-
ting method are: coefficient C and target strength are estimated
during surveying real aggregations of freely swimming fish with
their behaviour and spacial orientation, a great number of measure-
ments per a short time intervél. The target strength of blue
whiting was measured with the aforesaid method, which ie based
on simultaneous echo integration and counting of signals from
fish in scattered aggregations, when almost all fish are recor-
ded individually (Ermolchev, 197%%23rmhlchev et al., 1980). For
this purpose 'calibration” regime is implemented in the echo in-
tegrating and echo counting device EI-2, when echoes are divided
" into those from single fish and from groups of fish and simul-
taneously a set of parameters of echo signals 18 measured: total
energy of echoes M, number of echoes from single fish Ko and from
groups of fish K ., Measurements were made within a thin layer

[

© (H=20-40 m). Values of W, K, and K,

both in digital form by standard electronic pulse counters (Er-

were automatically recorded

molchev, Zaferman, 1983) and in analogue form directly on the
echo sounder echogramme. k
The density of aggregations was determined from readings

of the echo counting system (K_, K ):=
2k & x

K
= 3.43 + 10° g “:S;: ()
n e

where i ~ mean number of fish in groups;

8p - effective section of the sonified volume in a
sampled layer at depth T, sq.m;
Nn - ngmber of pings of the echo sounder per a selected
interval of measurements
The mean number of fish in grouﬁs X was determined theore-
tically from the ratio Ké/K0 under the assuption that the fish
'werg Poisson~distributed in the sonifigd volume within the layer

sampled: at Kg/Koséo.S X = 2.0 (Ermolchev, 1979). The effectlive
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angle of the antenna directivity diagramme ¢}, diameter D ana
~section By of the sonified,volﬁme were determined bj:the hori~
zontal extent of echo tracasrl (mm) from Single fish on the echo-
gramme at'a‘maximum transmission frequency of the echo sounder
Qm(pulse/min.). maximum tapé speed‘vp (mm/min,) and at»g con-
gtant ship speed (3-4 knots).

Dy 1852 ¢V o1 Na |
t = e S, = i+ Bo= - (5)
80 = 2% g —-——L"vp e

Simultameously sixe-’eigggmposition of blue whiting was de-
- termined in catches taken by pelagic trawl at the surveyed depth.

Values of (. were compared with measured echo intensities M
and coefficient C was then calculated using the method of regres»
sion analysis. A mean geometric estiméte of the functional rela-
tionship (GM regression) between O and M was used to exclude a
feaaiﬁle bias in the estimate of C due to non-uniform distribu-
tion of different values of (O, in samples (Ricker, 1973).

RESULTS AND DISCUSSICN i

JRealizations were processed containing echo éignals from
‘groups of fish'(Ké= 0e1 + 0.5 Ko) and tnose without them (Ksao).
The number of echoes from single fish in each realization was
K°=500 + 2500, Absolute calibfation coefficientsin the two cases
7 appeared to be close in value. The total number of echoes in each
calculation of the coefficient C was >10000, Echo aoundef»instrﬁ-
mental constant was determined from measurements on célibrated
sphere. An internal integrator with tresnsmitted pulse length of
¢ = 1.0 ms, TVG function - 20 log r/"0"db, 29/25E antenna with
directivity diagramme angles of 8° x 8°(10 log = = 19.6db) were
used in the EK-5-38. The total value (SLnVR)Vaccording t0 measure-

‘ ments on
calibrated sphere waé found to be 130.4db. The value of 4TVG
in the gcho sounder for different depths within 3-500 m was
calculated from electric measurements, with o(= 8db/km for fhe
Norwegian Sea. To'calculate the coefficient C the following
parameters are measureds number of echoes from fieh, their energy M,

ship speed VB and horizontal extent of echo traces from fish 1.
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At A K;'ﬁ%. o M=10%, Ao V3=5%, A1=10% and n>10 (number of samples of
Dsand M) it may be expected that ACL18% (at n >20 AC—~12%,.

In estimation of the average target strength of fish <1 >
the measured parameters are (SL+VR), 7 , Cgrra TVG, C. £ (SL+VR)=
10-12%, 4 {=5%,4C51=10-12%, A ( ATVG)=5%, AC=12%, the error in the
average target strength measurement by the aforesaid method will
not exceed 20-25% and in particular in those cases when the va-
riation of fish size is insignificant (81).

Table 1 shows the results of measurements of the average
target strength of blue whiting of different size in different
parts of the Norwegian Sea. Table 2 and Figs.1,2 and 3 present
expected errors in estimates of C and <TS.. v

_@ONCLUSIONS

The average target strengths in situ of single blue whiting
<TS8 >and of 1 kg biomass<<TSkg>were measured on scattered aggre-
gations of freely swimming fish primarily in the period of their
post-spawning feeding. All echoes from single fish and from groups
of fish in the sonified volume at surveyed depths were measured.
However, the behaviour and orientation of fish remain unknown
as well as wether the values of <TSké>and {TS>are constant qt
other stages of litfe cycle of blue whiting: velore spawniug, during
spawning, in dense aggregations, at other depths,

To answer this questions the employment of hydroacoustic
systems in complex with other deepwater facilities (for ins-
tance, photographing and television) . is to our opinion rather
promising and allows to determine the density /O, and spacial
orientation of fish in the sonified volume in dense aggrega-
tions of fish (Carscadden, Miller, 1980; Ermolchev, 1978;
Ermolchev, Zafermasn, 1981; Guzman et al., 1982; Olsen, 1981),
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Table 1. Measurements of the average target strength of
blue whiting in different periods of their post-
spawning feeding in 1982~1984 ( f=38kHz)

] - T - T<CTS> (TS HER R N
Area, period | in iWke T om i ke’ B D n'_
North of Great
Britain
May 1982 31,7 0,I70 260 39,6 -3I,9 0,97 522
May 1983 25,1 0,I0I IS0 -44,0 -34,I 0,99 517
- 29,0 0,I836 250 -4I,3 -32,6 0,95 43I
-" - 31,4 0,159 260 -40,3 -32,3 0,91 469

May 1984 2,2 0,048 ¥ -43,4 -30,2 0,93 386
-" - 24,6 0,089 260 -4I1,9 -3I,4 0,99 474
-" - 26,0 0,I05 140 -4I,0 -3I,2 0,97 456
- . 24,2 0,120 260 -42,5 -33,3 0,98 52I
-" - 28,5 0,182 220 -40,5 -3I,7 0,90 b5II
- o 24,5 0,09 260 -42,4 -32,2 0,93 5I8

East of the Faeroes

May 1982 32,0 0,Isy 270 -40,8 -32,8 0,9 SI5
- ' 32,0 0,I59 210 -40,6 -32,6 0,96 482
- - 32,3 0,I%4 2I0 39,9 -31,8 0,98 438

East of Iceland

July 1982 31,0 0,I87 200  -40,5 -33,2 0,98 531
-" o 3I,I 0,I98 205 -39,5 -32,5 0,88 478
- - 30,5 0,188 I35 -40,7 -33,4 0,96 463

* R - correlation coefficient A and M
'n - number of fish in the estimation of L and W.



Table 2. Errors of in situ measurements of the average
target strength of blue whiting in 1984

_L. cm Size composition of catches, % ‘
16 0,2
17 9,0 2,0 0,8 - - -
18 19,8 3,0 4,4 0,8 - -
19 30,1 2,0 4,6 I,I 0,6 -
20 6,8 1,4 7,6 3,3 4,7 0,3
21 3,4 0,9 2,2 0,5 1,9 0,3
22 3,6 1,4 1,6 3,8 5,3 0,9
23 9,0 5,3 9,5~ 9,6 9,7 2,4
24 9,9 11,0 14,4 29,0 26,8 11,8
25 7,2 11,9 27,8 33,9 29,5 29,9
26 0,5 5,0 7,9 10,9 II,9 24,3
27 0,5 2,6 6,3 4,4 3,5 I8,I
28 - 1,2 2,5 0,8 0,6 4,2
29 - 0,3 0,5 - 0,9 I,5
30 - 3,2 0,5 - 0,6 0,9
31 - 6,7 1,9 - 0,3 0,6
32 - 11,7 I,6 0,5 1,3 2,4
33 - 10,5 1,9 1,6 0,9 2,1
34 - 9,6 I,4 0,3 0,9 0,3
35 - 5,7 1,2 0,3 =
36 - 2,6 0,8 - - .
37 [ 1,7 0,3 - 0,3 -
C - 38 - 093 0,3 - - -
L, ca 20,2 28,5 24,2 24,5 24,6 26,0
W, g 47,8 131,6 120,0 95,7 88,5 105,11
AC, % 4,4 14,0 10,0 7,8 8,0 4,0
<TS>,db - -43,4 -40,5 42,5 -42,1  -41,9  -4I,0
<IS, 2 db -30,2 -3L,7 -33,3 31,9 -3I,4 -3L,2
A TS , db 40,83 40,96 40,90 0,86 40,86 30,83
A TS % +21,0  324,8 $22,8 21,9 22,0 42I,0

Bi - 6,7 = 27,9 13,5 11,0 - 5,5 ' 4,0
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Fig.1. Statistical relationship between density
of fish aggregation PO, x 105(111 number of fish
per sq.mile) and total energy of echoes N;

size composition of catches from surveyed layer.
C]I = 16.2,@.
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Fig. 2. Btatistical relationship between density
of fish aggregatxonJQ,x 105(in number of fish per .
8qQ.mile) and total energy of echoes M; size com-
,position of cateshes from the surveyed layer.



l

20

10

- 11 -

3
pSHO | P

C=(8.‘fff.2)X103 .
R=0.9

o
(]

30
20
10}

A

0 20 M
- 1=285;85=079
w316 n=5i1

A

20005 30 35 L.cm

FPig. 3 Btatistical relationship between density

of fish in aggregation O, x 10%(in number of fish
per sg.mile) and total energy of echoes M;

size composition of catches from the surveyed layer
CEI a 21,4db,
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