
NOT TO BE CITED WITHOUR PRIOR
IMITRENCE TO THE AUTHOR(S)

Northwest Atlantic

SeriA No. NI087

Fisheries Organization

NAM SCR Doc. 85/110
Nevi s-ec0

SCIENTIFIC COUNCIL MEETING- SEPTEMBER 1985 

Methods and Results of In situ Measurements of the Average

Target Strength of Pelagic Fishes

by

V.- A. ErmolChev

Polar Research. Instittite of Marine Fisheries and Oceanography (PINRO)
6 Knipovich Street, 183763, Murmansk, USSR

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-S-38 was used for

target strength measurements and echometric surveying. Average

target strengths of single fish OM> and of 1 kg biomass TSkg,

in different feeding periods of blue whiting were determined.
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(i)	 INTRODUJTION,
cn

Echometric surveys of blue whiting were conducted west and

north-west of Ireland and Great Britain in March-April. Fish
(,)

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,
Me •

their average. length 1, mean weight W, absolute calibration coef-
ficient C of echo integrator readings M, aver 	 target strength
<' TB > of single fish and that of 1 kg biomass were determined.

IAATERLIti, AND METHOM6 

It is known that the average target strength of fish in situ 

may be measured with instrumental constants of the echo sounder
C and echo integratorES	 as well as absolute calibration coef-
ficient C of echo integrator readings M estimated on aggregations
of freely swimming fish first determind. In this case the average
target strength of fish<;TS >and of 1 kg biomass < TS > are
calculated by tne formulae. (Burczynski et al., 1982):

,;TS	 10 log 3430 • 103+Cils-Chi+A TVG-10 log C;
C -Clisr.-(614+VR)-10 log-7 	 +20 logre24Ar0- 10 log P;

CBI= 10 log hi -. 20 log %as- 10 log li;

:DBic<;t8)>- 10 log V	 (1)

where SL - transmission level of the echo sounder, db/iiPa/m;
VE - sensitivity of the echo sounder, db/V 1)/Pa;
o - sound velocity in water, mis;

length of transmitted pulse, s;
A TVG -. difference between theoretival • d actual TVG function

at surveyed dep$h;
ro maximum depth of TVG function, m;

CA 	 coefficient of sound absorption la water, dbila
(14-- equivalent width of the directivity diagraluw or tad

echo sounder, steradian;
H - thickness of the integrated layer, al;
NE.

w - average weight of fish, kg,
-URMS effective voltage at echo integrator input, V

Constants CEs and CE, may be estimated accurately enough:

'r'ES is usually determined with the help of a hydrophone (Bodholt
et al., 1979) or calibrated sphere (Foote et al., 1982), GEI is
calculated using standard electric instruments. There are several



methods (echo counting and photogrammetric methods, using cages
with live fish, basing on catch size within integration r e)
to calculate the coefficient C at present, each of which has its
shortcomings and advantages. Major advantages of the echo counr.
ting method are: coefficient C and target strength are estimated
during surveying real gregations of freely swimming fish with
their behaviour and spacial orientation, a great number of measure-
ments per a short time interval. The target strength of blue
whiting was measured with the aforesaid Aetaoa, which is b e d
on simultaneous echo integration and counting of signals from
fish in scattered aggregations, when almost all fish are recor-
ded individually (Ermolchev, 197	 routilchev 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 is measured: total
energy of echoes M, number of echoes from single fish K and from
groups of fish Kg . Measurements were made within a thin layer
(H=20-40 m). Values of M, Ko and K	 were automatically recorded
both in digital form by standard electronic pulse counters (Er-
molchev, Zaferman, 1983) and in analogue form directly on the
echo sounder echogramme.

The density of aggregations was determined from readings
of the echo counting system (K ,

Kn VK,60 X
JD,s= 3.43 10 	 °-	 (2)

Nn • SE
-

where X - mean number of fish in groups;
SE - effective section of the sonified voltme in a

sampled layer at depth T, sq.m;
number of pings of the echo sounder per a selected
interval of measurements

The mean number of fish in groups X was determined theore-
tically from the ratio K g/K under the assuption that the fish
were Poisson-distributed in the sonified volume within the layer

sampled: at Kg/K0 ‘0.5 X = 2.0 (Ermolchev, 1979). The effective
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0, di eterangle or the antenna directivity di

section SE of the sonified volume wer • dote in d by t hori-
zontal extent of echo trace 1 (mm) fro single fish on the echo-
gramme at a maximum trans fission frequency of the y cho sounder

Qm(pulse/min.), maximum tape speed Vp
stant ship speed (3-4 knots).

lilt min.)	 d at a con-

( 3 )
V

Simuit eously size-wei tmposition of blue whiting was de-
termined in catches taken by lagic tra y 1 at the surveyed depth.

Values of 	 were comp red ith measured echo intensities M
and coefficient C was than calculat d using the method of regres-
sion analysis. A mean geometric estimate of the functional rela-
tionship (GMT regression) between sand M was used to exclude a
feasible bias in the estimat of C due to non-uniform distribu-
tion of different valu of Jos in s I (Rick r, 1973).

RESULTS AND DISCUSSION,

Realizations were: proces ed cont iaing echo signals from
groups of fish (Kg= 001 0.5 Ko) d those without them (Kg 0).
The number of echoes from single fish in each realization was
K =500 2500® Absolute calibration coefficientsin the two ca es
appeared to be close in value. The total number of echoes in each
calculation of the coefficient C was10000. Ec

 

ounder instru-a •

 

mental const t was determ ed from measurements on calibrated
sphere. An internal integr tor with tr smitted pulse length of

1.0 ms, TVG function - 20 log ri"0"db, 29/25E antenna with
directivity diagr	 le r of 8° x 8°(10 log (P= - 19.6db) were
used In the Eli-6-58. The total value (SL+VR) according to measure-

ments on
calibrated sphere as found to be 130.4db. The value of4TVG
In the echo sounder for different depths within 3-500 m w
calculated from electric measurement :=j with 0<= 8db/km for th
Norwegian Sea. To calculat th coefficient C the following
parameters are measured* number of echo s fro fish, their energy IA,
ship speed Vs and horizontal extent of echo traces from fish 1.



At K 0=5%, 6 hi= 1
	

A Vs '5%, L 1 = 1 0% and n >AO (number of sFrAples of

aad M) it may be expected that ,11611% (at xi >20 A C —1476).

In estimation of the average target strength of fish<TS>

the measured parameters are (SIANR) cr, CEI ,L1TVG, C. If (SL+VR)=

106-1X,AlavdCsi=10-12S,i1(ATVG)=5%,2NC=1294, the error in the

average target strength measurement by the aforesaid method will

not exceed 20-2596 and in particular in those cases when the va-

riation of fish size is insignificant (SI).

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<M>.

CONCLUSIONS

The average target strengths in situ of single blue whiting

<TB > and of 1 kg biomass<TSkg)were measured on scattered aggre-

gations of freely swimming fish primarily in the period of their

1)0st-spawning feeding. All echoes from single fish and from groups

of fish in the sonified volume at surveyed depths were measured.

However, the benaviour and orientation of fish remain unknown

as well as wether the values of <T )and <TS)are constant at
otter stages ur Lite cycle of blue whiting: pelore spawning, 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/301nd spacial

orientation of fish in the sonified volume in dense aggrega-

tions of fish (Carscadden, Miller, 1980; Ermolchev, 1978;

Ermolchev, Zaferman, 1981; Guzman et al., 1982; Olsen, 1981)9
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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)

Area, period
_

•

 ma 
W	 m <' TS > :(TSkg > :

   . n*
db '

North of Great
Britain
May 1982

MaY 1983

May 1984

	31,7	 0,170 260	 -39,6 -31,9 0,97	 522

	

25,1	 0,101 190	 -44,0 -34,1 0,99	 517

	

29,0	 0,135 250	 -41,3 -32,6 0,95	 431

	

31,4	 0,159 250	 -40,3 -32,3 0,91	 469

	

20,2	 0,048	 -43,4 -30,2 0,93	 386

	

24,6	 0,089 260	 -4I,9 -3I,4 0,99	 474

	

26,0	 0,105 140	 -41,0 -31,2 0,97	 456

	

24,2	 0,120 260	 -42,5 -33,3 0,98	 521

	

28,5	 0,132 220	 -40,5 -31,7 0,90	 511

	

24,5	 0,096 260	 -42,4 -32,2 0,93	 518

	

32,0	 0,159 270	 -40,8 -32,8 0,9	 515

	

32,0	 0,159 210	 -40,6 -32,6 0,96	 482

	

32,3	 0,154 210	 -39,9' -31,8 0,98	 438

	

31,0	 0,187 200	 -40,5 -33,2 0,98	 531

	

31,1	 0,198 205	 -39,5 -32,5 0,88	 478

	

30,5	 0,188 135	 -40,7 -33,4 0,96	 463

East of the Faeroes

May 1982

ai'I

East of Iceland

July 1982

tt

correlation coefficient io%and M
number of fish in the estimation of L and W.



Table 2. Errors of in situ measurements of the average
target stre7Fira blue whiting in 1984

00 WO.	 gm.	 err •■•••

Cill	 Size composition of catches, %
...••••	 00.	 •	 •	 gas.	 00	 ON.

	16	 0,2

	

I?	 9,0	 2,0	 0,8

	

18	 19,8	 3,0	 4,4

	

19	 30,1	 2,0	 4,6

	

20	 6,8	 1,4	 7,6

	

21	 3,4	 0,9	 2,2

	

22	 3,6	 1,4	 1,6

	

23	 9,0	 5,3	 9,5

	

24	 9,9	 II,0	 14,4

	

25	 7,2	 11,9	 27,8

	

26	 0,5	 5,0	 7,9?

	

27	 0,5	 2,6	 6,3

	

28	 1,2	 2,5

	

29	 0,3	 0,5

	

30	 3,2	 0,5

	

6,7	 1,9

	

32	 .11,7	 1,6

	

33	 10,5	 1,9

	

34	 9,6	 1,4

	

35	 5,7	 1,2

	

36	 2,6	 0,8

	

37	 1,7	 0,3

	

38	 0,3	 0,3

	

cm	 20,2	 28,5	 24,2

	

g	 47,8	 131,6	 120,0

	

C, %	 4,4	 14,0	 I0,0

	

.TS>„db	 -43,4	 -40,5	 -42,5

	

<TS db	 -30,2	 -31,7	 -33,3

	

TS , db	 ±0,83	 ±0,96	 ±0,90
TB ,	 1-2.1,0	 124,8	 ±22,8

	

6,7	 27,9	 13,5

0,8

	

I,I	 0,6

	

3,3	 4,7	 0,3

	

0,5	 1,9	 0,3

	

3,8	 5,3	 0,9

	

9,6	 9,7	 2,4

	

29,0	 26,8	 11,8

	

33,9	 29,5	 29,9

	

10,9	 11,9	 24,3

	

4,4	 3,5	 18,1

	

0,8	 0,,6	 4,2

	

0,9	 1,5

	

0,6	 0,9

	

0,3	 0,,6

	

0,5	 1,3	 2,4

	

1,,6	 0,9	 2,1

	

0,3	 0,9	 0,3
0,3

0,3

	

24,5	 24,6	 26,0

	

95,7	 88,5	 105,1

	

7,8	 8,0	 4,0

	

-42,1	 -41,9	 -41,0

	

-31,9	 -31,4	 -31,2

	

+0,86	 ±0,86	 ±0,83

	

+21,9	 +22,0	 ±21,0

	

II,0	 5,5	 4,0
•
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Fig.1. Statistical relationship between density
of fish aggregationlps x 10(in number of fish
per sq.mile) and total energy of echoes M;
size composition of catches from surveyed layer.
CBI = 16.2db.
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Fig. 2. Statistical relationship between density
of fish aggregation Jos x 10(in number of fish per
sq.mile) and total energy of echoes II; size com-
position of catches from the surveyed layer.
CE - 21.4db.
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Fig. 3 Statistical relationship between density
of fish in aggregation tps x 103 (in number of fish
per sq.mile) and total energy of echoes M;
size composition of catches from the surveyed layer.
CEI 21.4db
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