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DETERMINATION OF ANTARCTIC KRILL ACOUSTIC BACK-SCATTERING CROSS-SECTION 

V.A. Protaschuk and T.A. Lukashova 
(U.S.S.R.) 

Abstract 

When determining the density krill of concentrations it 
is necessary to know the acoustic cross-section of 
back-scattering of krill. The target strength can be 
determined in situ by measuring the echo signal from one 
specimen resolved by the hydroacoustic instrument. By 
calculating the mean level of the directivity diagramme 
of the antenna and the mean level of the standardized 
echo signal, it is possible to determine the acoustic 
cross-section of the back-scattering of krill. By 
experiments, the author~ have obtained the dependence of 
the acoustic section of back-scattering of krill on its 
length at a frequency of 120 kHz. 

* * * * * * * * * * 

DETERMINATION DE LA SECTION ACOUSTIQUE DIFFUSANTE INVERSE DU KRILL 
ANTARCTIQUE 

V.A. Protaschuk et T.A. Lukashova 
(U.R.S.S.) 

Lorsque l'ont veut determiner la densite des 
concentrations du krill, il est necessaire d' en 
connaitre la section acoustique diffusante inverse. 
Avec l'enregistrement resolvant du krill, la force de la 
cible peut etre determinee in situ par la mesure de 
l'echosignal d'un speclmen isole. Ayant calcule le 
niveau moyen de diagramme de directivite du transducteur 
et d' echosignal normalise on peut definir la section 
acoustique diffusante inverse du krill. Le rapport 
entre cette derniere et la taille du krill est etabli 
experimentalernent sur la frequence de 120 kHz. 
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DETRRMINACION DEL CORTE TRANSVERSAL ACUSTICO DE RETRODISPRRSION DEL 
KRILL ANTARTICO 

V.A~ Protaschuk y T.A. Lukashova 
(U.R.S.S.) 

Resumen 

Al determinar la densidad de krill en las 
concentraciones es necesario conocer el corte 
transversal acustico de retrodispersion de krill. La 
fuerza objetivo se puede determinar en el lugar midiendo 
la senal de eco de un especimen senalada por el 
instrumento hidroacustico. Es posible determinar el 
corte transversal acustico de retrodispersion de krill 
calculando e1 nivel medio del diagrama de directividad 
de la antena y el nivel medio de la senal uniforme de 
eco. Por medio de experimentos, los autores han 
obtenido la dependencia del corte transversal acustico 
de retrodispersion de krill con respecto a su tamano a 
una frecuencia de 120 kHz. 

* * * * * * * * * * 

OITPE~EnEHHE CE4EHH~ OEPATHOrO PACCE~HH~ AKYCTH4ECKOrO CHrHAnA, 
OTP~EHHOrO AHTAPKTH4ECKHM KPHnEM 

B.A.ITpoTaII{YK U T.A.nYKaruoBa 
(CCCP) 

Pe3IOMe 

ITpu onpeAeneHuU nnOTHOCTU KOH~eHTpa~UH KpunH 
HeooxoAuMO 3HaTh CeqeHUe oopaTHoro pacceHHuH 
aKycTUqeCKOrO curHana, oTpa~eHHoro KpHneM. 
Cuna ~enu Mo~eT OhlTh onpeAeneHa in situ 
nYTeM U3MepeHUH HHTeHCHBHOCTU CHrHana, 
OTpa~eHHoro OAHOH OCOOhIO U pa3pemeHHoro 
rUAPoaKYCTUqeCKUM npHoopoM. BhlCqUTaB cpeAHuH 
YPOBeH h AHarpaMMhl HanpaBneHHOCTH aHTeHHbI H I 

cpeAHuH ypOBeHh cTaHAapTH3HpoBaHHoH 
HHTeHCHBHOCTH CHrHana, MO~HO onpeAenUTh 
CeqeHUe oopaTHoro pacceHHHH aKYCTHqeCKOrO 
curHana, OTpa~eHHoro KpHneM. C rrOMOmhIO 
3KcnepUMeHTOB aBTopaMH Ohrna onpeAeJIeHa 
3aBHCHMOCTh CeqeHHH oopaTHoro pacceHHUH 
aKYCTUqeCKOrO curHana, OTpa~eHHoro KpuneM, OT 
e ro AnUHhl npH qaCTOTe B 120 Kr~. 
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l7a Verkhnaya Krasnoselskaya, 

Moscow-B-140, USSR 

When estimating biomass of marine organisms by the hydroacoustic 

method, it is necessary to know the mean acoustical cross-section of 

back-scattering from an individual object CGJ. It is possible to determine 

Go in situ by measuring the echo signal from an individual specimen 

resolved by a hydroacoustic instrument. 

where p 

x 

~ 

G(S,p) 

The echo signal from an individual object is equal to 

u2 =p2x2.~2 .G4 (S;p) ~Go 

r4 • lOo.2S. r 

acoustic pressure on antenna axis reduced to 1 m distance, Pa 

antenna sensitivity in reception, V/Pa 

amplification of the receiver 

directivity function 

r = distance to the object, m 

S space attenuation of sound, dB/m 

(1) 

Go acoustic cross section of back-scattering from individual object 

on axis, 
2 

m • 

By excluding the dependence of the echo signal on the acoustic and 

electric parameters of the echo sounder and on the distance to the target 

its standardized value is determined 

b 
U2.r4 • lO o.2S. r 

p2:'X2 'fl2 

(2) 
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The directivity effect is a random value which is dependent on the 

location of the individual specimen about the acoustic axis. Value ao is 

also a random value and is dependent on many factors : the size of the 

biological object, its physiological state, aspect of insonfication, etc. 

Consequently, the standardized echo signal is the product of two random 

values. Due to the statistical independence of random values, 

where ao 

-4 -
G ·ao (3) 

mean acoustic back-scattering section for the given 

concentration 

mean level of directivity diagram corresponding to the 

range of operation of the echo sounder for a o 

b mean value of the standardized echo signal. 

-4 
Knowing G and b, it is possible to determine the mean value of the 

acoustic back-scattering of an individual object of the given 

concentration 

(4) 

Using the methods suggested by Lozow (1979), the mean level of directivity 

for a narrow-directional antenna is determined by expression 

With 

where em 

d 

A 

1(7Td)2 e2 
2" X- . m 

maximum detection angle, rad 

diameter of transducer, m 

wave length, m. 

7Td 
A sinem~2.5 the maximum detection angle 

Q.n G4 min 

-!(7T~)2 
em 

by substituting (6) into (5) we obtain 

-1 
<;4 = G4min 

Q.n G4 . 
m~n 

(5) 

(6) 

(7) 
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This method was used in determining the acoustic section of 

Antarctic krill back-scattering. 

Assuming that the greatest value of the standardized echo signal 

corresponds to the largest krill specimen on the antenna axis and the least 

value to the mean-size krill on the minimal level of the directivity 

diagram we obtain 

. 4 
G . mln 

_ O1l1ax I b max 
---- -b-

0 o min 
(8) 

Measurements for a number of shrimp species (Sofoulis, 1978 and Samovolkin, 

1981) established the dependence of acoustic back-scattering on the 

length : 

where Lk 

A 

aT{ 

object length 

wave length 

(9) 

Assuming in our investigations a similar dependence, the minimal level of 

the directivity diagram can be determined as 

2 .b 
G4 Lk . ritax max (10) 
mln 

-2 b Lk min 

By substituting (7) in (10) and (4) in (7) we obtain the expression for 

determining the mean value of acoustic back-scattering for an individual 

krill for the given concentration : 

°0 
. L~max I~max) 

~n Lk2 -~-.-
mln 

(11 ) 
~ . 

(~~ maxi ~max)_l 
Lk ~ . mln 

The value of the standardized echo signal and its mean value are 

determined on the basis of measuring amplitudes of echo signals from 

individual specimens and the distance. The mean and maximum length of 

krill are determined from data collected in sample trawls. 
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Measurements were made during the Antarctic expedition under the 

FIBEX programme on board the fisheries research vessel Odessey in 

January-March 1981. Simrad echo sounder SK-120 (Norway) was used in the 

following mode of operation 

transducer diameter 20 cm, power - 1/1, bandwidth: 

wide band, impulse length 0.1 msec., amplification OdB. 

To increase the sensitivity and to reduce errors in measuring, the TVG of 

the echo sounder was switched off. As a result of acoustic and electric 

measurements, the following parameters of the echo sounder were 

determined : p = 49 103 Palm, = 3.1 10-3 v/Palm, = 20 103 • The echo 

signal level was determined with the help of an osciiograph which was 

engaged by an impulse from the output interval of Simrad echo integrator QM 

(Norway). The ratio signal/noise was not less than 3. To exclude the 

dependenc€of the maximum detection angle on the depth, standardized echo 

signals ~ max were used in calculations. 
10 

The attenuation coefficient was determined for conditions 

characteristic of the Antarctic during the period of operation (temperature 

10 C, salinity 340
/00) according to the methods described in the paper by 

Clay and Nedvin (1980), at a frequency of 120 khz and ~=0.035 dB/m. 

In order to determine the size composition of krill, sample 

tows were made using an Isaacs Kidd and RT/TM, 36.6 trawls. 

Amplitudes of echo signals with the vessel adrift were measured for 

dispersed krill at dusk and night time. In all, five series of 

measurements were made. The results are given in Table 1. 

Figure 1 shows the curve of dependence of acoustic back-scattering 

of an individual krill on its length. 

The regression equation takes the following expression 

(12) 
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The closeness of the indices to 2 testifies to the validity of our 

assumption that Go is related quadratically to the length. For the target 

strength of an individual krill, the following equation holds : 

TS = 2.1 Lk - 72.3 (dB) (13) 

with correlation coefficient K 0.96 

The Polish investigators measured the target strength of krill 

under laboratory conditions (Kalinovski et al 1979). At 159 kHz the target 

strength of formalinized krill was : 

TS 2.3 Lk - 72 (dB) (14) 

So we and the Polish investigators have obtained target strength 

functions related to the length of krill with similar parameter values. 

It is planned to continue measuring the acoustic back-scattering of 

krill at other frequencies. 
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Table 1 Results of measuring acoustic back-scattering from an individual 

krill according to echo signal value 

No Area Standardized Krill Length 
echo signal value 

b b b Lk Stand- Lk . L - TS 
mig6 

Go 

x10-6 ma~6 mln kmax 
x10-6 x10 x10 (cm) ard (cm) (cm) (dB) 

(m
2

) (m
2

) (m2) devia- (cm) 

tion 

(cm) 

1 Scotia Sea 2.87 8.5 0.8 4.57 0.77 3.40 5.80 6.4 -63.0 

2 Scotia Sea 2.76 7.1 0.7 4.30 0.64 3.20 5.80 5.8 -63.4 

3 Scotia Sea 3.45 11. 5 1.1 4.61 0.75 3.60 6.00 7.5 -62.2 

4 South Georgia 1. 97 5.6 0.5 3.57 0.17 3.00 5.00 4.2 -64.7 

5 Mordvinov's 
Island 3.38 11.7 1.1 4.88 0.44 3.20 5.80 7.9 -62.0 



Figure 1 

- 150 -

60f 

8,0 

7,5 

7,0 

6,5 

A J 
/ 

I1 
6,0 / 

A 

--

) 
, 
: 

1/ 
5,0 

4,5 

. 4,0 

3,5 

3,0 

/ 
I / 

V 
/ 

V -
. L~ i!rm] 

-3,0 3,5 4,0 4,5 . 5,0 

Dependence of acoustic back-scattering of krill on its length 
at 120 kHz. 
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CnHCOK Ta6JIHl{ 

Ta6JIH~a 1 Pe3YJIbTaThl H3MepeHHR o6paTHoro pacceRHHR aKYCTHqeCKOrO 

CHrHaJIa, OTpa~eHHoro OC06h~ KPHJIR, no BeJIHqHHe 3XO­

CHrHaJIa. 

CnHCOK PHCYHKOB 

PHCYHOK 1 3aBHcHMoCTb o6paTHoro pacceRHHR aKYCTHqeCKOrO CHrHaJIa, 

OTpa~eHHoro KpHJIeM, OT AJIHHhl OC06H KPHJIR npH 120 Kr~. 


