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Abstract: The acoustic survey for krill (Euphausia superba) was carried out 
in the Indian Sector of the Southern Ocean by the R. V. KAIYO MARV partici
pating in SIBEX I 1983-84. In order to estimate the biomass from the mean 
volume back-scattering strength (Sv) measured by the 200kHz echo sounder Furuno 
FQ-50, the mean target strength (TS) of krill in situ at the same frequency was 
estimated in the area surveyed. 

The TS was obtained from both density and Sv for the krill aggregation in 
the natural conditions. The density was estimated by means of the echo sounder 
Furuno FE-101 which possesses a resolution at 455 kHz high enough to detect 
the individual krills; the volume of water insonified by the beam was estimated 
from the recorded duration of the echo traces, and the number of krill in the 
volume was obtained by counting the echo traces. 

Two experiments to estimate the TS were made about t hour before sunset, 
on board the vessel drifting over the aggregation spreading near the surface. 
The mean densities estimated from the experiments were 50.0 and 61.6 individ./m3

• 

The corresponding Sv were -51.0 and -50.4 dB, respectively. The mean wet 
weight of the krill samples from the aggregation was 0.62 g. An estimate of 
the TS of 0.62 g krill was -68.1 dB. The TS per kg was calculated as -36.0 dB. 

1. Introduction 

The acoustic survey aiming at clarifying the distribution of krill (Euphausia superba) 
and estimating the biomass of the species was carried out by the R. V. KAIYO MARV, 

Japan Fisheries Agency, participating in SIBEX I (Phase I of the Second International 

BIOMASS Experiment 1983-84). The outline of the acoustic survey was described 
by SHIRAKIHARA et al. (1986). In order to estimate the absolute biomass from the 
acoustic data measured by the 200 kHz echo sounder, it was essential to have the mean 
target strength (TS) at this frequency. This paper, as one of the KAIYO MARV SIBEX I 
acoustic studies, refers to the TS estimation in the area surveyed. 

2. Methods 

The TS was obtained from both density and mean volume back-scattering strength 
(5\) for the krill aggregation in the natural conditions. 
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2.1. Acoustic equipments 
Two echo sounders were used. The first used for estimating the density was 

Furuno FE-10 l which possesses a resolution as high as 1.5 cm at 455 kHz and can 
record an echo trace of a single krill on the echogram. The second used for measuring 

the Sv was Furuno FQ-50. The operation condition of these echo sounders and the 
directivity pattern of FE- IO l are shown in Table l and Fig. I, respectively. 

Table I. Operation condition of two echo sounders, Furuno FE-101 and 
Furuno FQ-50. 

FE-101 
Frequency 
Range 

Pulse duration 
Pulse repetition rate 
Pulse repetition period 
Chart speed 
Gain adjustment 

FQ-50 

Frequency 
Equivalent beam width 
Pulse duration 
Depth range 
Depth channel 
Attenuator 
Threshold 
TYO 

Gain constant 
Sv mode 
Draft correction 

455 kHz 
0-10 m (from the transducer) 
20 µs 
470 ppm 
0. 128 s 
60mm/min 
max (10) 

200 kHz 
0. 007 sr 
0.6ms 
8-18 m 
8-18 m (10 channels, I m interval) 
20dB 
10dB 
20 log R 

93. 8 dB 
arithmetic mean of 100 transmissions 
5m 
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Fig. 1. Directivity pattern of the transducer of the echo sounder FE-101. 
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2.2. Principle of TS experiments 
The TS can be obtained under the following conditions schematically shown in 

Fig. 2; 
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Fig. 2. Schenze of the experiments to estimate the target strength of krill in situ. (a) Vessel 
drifting over the aggregation. (b) Transducers of two echo sounders; A: FE-101, 
B: FQ-50. ( c) Threshold beam and sampling volume <�f FE-JO I. 

(a) The vessel is drifting at a constant speed over an aggregation of krill at a 
standstill when the sea is calm. 

(b) A single krill to be measured is located at the depth where the effect of the 
side lobe of FE-IO I is negligible. 

(c) Individual krills are distributed uni formly with a low density. 
To obtain the density from the echogram of FE- I 01, it is required to estimate the 

sampling volume of water where a single krill can be detected by the sounder. The 
volume is estimated by the threshold beam for krill; a single krill is detectable within 
it and not detectable outside it. From measurement of the echo traces of krill appear
ing in the center of the beam, the diameter of the beam is estimated from; 

( I ) 

where L is diameter, D is distance from the transducer, tmax is maximum recorded 
duration of a single echo trace, t

P 
is pulse repetition period, and v is drifting speed of 

the vessel. The echo traces of krill appearing in the center are to be clearly recorded 
with the maximum duration. Then the beam diameter will be certainly given by the 
product of the maximum duration and drifting speed if the pulses are transmitted 
without interruption. But the transmission is actuaIJy made with a definite repetition 
period and the echo traces are recorded synchronously. The value of t

P 
is added for 
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this correction. If the maximum recorded duration is longe r enough than the pulse 
repetition period, the beam diameter can be approximately given by eq. (1 ). Then the 

beam volume ( V) in the distance range of D1-D2 is calculated from; 

V = !:... L2(D) dD. 
fD2 

4 D1 

( 2 )  

The number of krill in the beam is given by counting the echo traces. The mean 
number is obtained by averaging some counts at the instantaneous time. Then the 
mean density (n) is estimated from; 

n = N/V, ( 3 ) 

where Iv is mean number of krill in the volume V. 
Under the condition (c), the total echo intensity from the aggregation is equal to the 

arithmetic sum of echo contributions from individual krills (JoHANNESON and MrTSON, 
1983). Then the mean target strength in dB is estimated by combining Sv and n from 

the aggregation, as follows; 

TS=Sv-IOlogn. ( 4 )  

If the mean weight of a single krill in the measured aggregation is known, the mean 
target strength per kg in d B  (TSkg) is calculated from; 

TSk" = TSw-10 log w+30 , ( 5 ) 

where w is mean weight in gram and TSw is mean target strength of krill with the 
weight of w, equivalent to TS in eq. ( 4). 

2.3. Actual experiments 
The krill aggregation spreading near the surface was seized near a point of 58 ° 13'S 

and 72 °29'£, for the period of 20-22 hours on 29 January 1984 (sunset: 2226). Two 
experiments to estimate the TS were made when krill was distributed fairly uni formly. 
The periods and depth ranges were 2117- 2120 and 13.5-14.5m for the first experiment, 

and 2127-2129 and 12-13 m for the second. Just after the experiments, the aggre
gation was sampled using the KAlYO MARU Mid water Trawl with mesh size of 3.4 mm 
to determine the mean weight and length of the individuals. The temperature at the 
depth of the transducer of FQ-50 was 1.1 °C, wind was ESE and 3 in Beau fort scale� 
sea condition was 2, and current was 270 ° and 0.0 3 kn. 

The drifting speed was estimated from the shift of vessel position, which was 
observed using the Navy Navigation Satellite System with the error of less than +0.05 
nautical mile. Measurement on the echogram of FE-10 1 was carried out carefully 
with the low magnification ( X 10) microscope. The reading error of tmax was less than 
+0.05s. 

It was clarified that the measured Sv was sensitive to the water temperature at the 
depth of the transducer of FQ-50 ( FuRUNO ELECTRIC Co., LTD., 1984). Following 
SHIRAKIHARA et al. (1986), the Sv was corrected by; 

SJcorrected)= S\(measured)+ 5.4 . ( 6 )  
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3. Results 

3.1. Drifiing speed of the vessel 

157 

The vessel positions observed were 68° 13.0'S, 72° 30.6'E at 2043 and 68° l 3.4'S, 
72° 29.3'E at 2134. The drifting speed was estimated to be 0.365 m/s with the error 
less than +0.061 m/s in the direction of 230° . 

3.2. Density and spatial distribution of the krill aggregation 
The echogarms of FE- IO I in two experiments are shown in Fig. 3. The estimated 

beam diameters are shown in Fig. 4. Assuming the diameters (L in meter) is a linear 
function of the distance (D in meter) in the range of 2.7-5.2 m, the regression analysis 
gave the following equation; 

L(D)=0.0493D+0.0928, (7) 

where sample size was 27 and correlation coefficient was 0.902. Then the beam in the 
range of the measured distances was approximated to a truncated cone. The beam 
volume ( V) and mean number of krill in the V were obtained as shown in Table 2. 
The mean densities were estimated to be 50.0 individ./m3 for the first measurement and 

2 

4 u_ 
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Fig. 3. Echograms of the echo sounder FE-JO I in two experiments. 
The points on the echograms indicate the echo traces of indi
vidual krills. 
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Fig. 4. Relation between the distance of the transducer and the beam 

diameter of the echo sounder FE-JO I. 

Table 2. Krill densities estimated from the ecogram <�f FE-JOI. Numerals in 

parentheses are upper or lower distances from the transducer. 

Depth of the transducer (m) 

Beam diameter (m) 

Beam diameter ( m) 

Beam volume (m3) 

Krill number in the volume (individ.) 

Mean 

Standard deviation 

Sample size 

Density (individ./ma) 

First experiment 

JO 
0. 266 (3. 5) 

0.315 (4.5) 

0.0664 

3. 32 

I. 19 

56 

50.0 

Second experiment 

9 

0.241 (3.0) 

0. 291 (4. 0) 

0.0557 

3.43 

I. 20 

53 

61. 6 

61. 6 individ./m3 for the second. These estimates were likely to belong to the category 
of low densities in the possible range of the aggregation density of 10-60000 individ./m3 

(MAUCHLINE, 1980). 
The type of the spatial distribution was investigated to obtain information on the 

condition (c). The uniformity was checked by X2 test (ELLIOTT, 1977) using the statistics 
of krill number (Table 2). Since the variance to mean ratio was less than unity at the 
5% level of significance, the distribution of the measured krill was rather uniform than 
random. 
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3.3. Mean volume back-scattering strength 
The echograms of FQ-50 in two experiments are shown in Fig. 5. The Sv cor

rected by eq. (6) is shown in Table 3. The means of Si, were -51.0 d B for the first 
experiment and -50.4 d B  for the second. 
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Fig. 5. Echograms <�f the echo sounder FQ-50 in two experiments. 

Table 3. The mean volume back-scattering strength in dB. 
Symbol CV is coefficient of variation. 

First measurement Second measurement 

Depth:(m) Depth (m ) 
Time Time 

13-14 14-15 12-13 

2117 50. l 2127 --50.5 
2118 52. 3 -50. 1 2128 -50.6 
2118 -52. 9 -50.3 2128 --50. 2 
2118 --51. I 

Mean -- 51. 0 Mean -50.4 
CY(%) 25. 8 CY (%) 4. 8 

3.4. Mean target strength 
The mean wet weight and mean total length of the individual krills were estimated 
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as 0 .62 +0 .014 (s tandard error) g and 42 .0 +0 .28 mm, using 182 sampl es .  Th e mean 
t arg et s tr ength of 0 .62 g krill ( TS0 . e2 g) was es timat ed to b e  -68 .  l d B  fro m  th e firs t ex 
p erim ent and -68 .3 d B  from th e s econd . Av eraging two es tima tes, a single estima te 
of TS0 _ 62 g was given as -68 .  l d B . Then th e m ean targ et s tr ength p er kg ( TSkg) was 
calcula ted as -3 6.0d B .  

4. Discussion 

Som e consid erations on th e errors or bias es in th e es tima ted m ean targ et str eng th 
ar e g iv en .  Combining e qs .  ( 3), ( 4) and ( 5), th e TSkg is expr ess ed as follows ; 

TSkg =Sv -10 log R+ IO log V-10 log w+30 . 

Th e value of TSkg will be a ffec ted by th e following fac tors ; 

a) Inst ability of th e thr eshold b eam angle ; affec ting V. 
b) Variation of r eflection prop er ti es of individual krills; S\, .  

( 7 ) 

c) Dep ar ture o f  the krill dis tribu tion from the co mpl ete uni formi ty ;  Sl) and R. 
d )  Error in the calibra tion including th e t emp era tur e corr ection ; S

l
' "  

e) Vari ation of th e w eigh t of individual krills ; S
1
, and w. 

Th e s ensitivi ti es of TSkg w er e  examined to limited factors whos e errors or variations 
wer e known quantativ ely. The temp erature corr ection error in S1, ,  about + I d B  ( T .  
S AS AKURA, p erson al communicat ion) a ffec ted TSkg wi th th e same quan titi es . For R and 
w, th e s ensi tiviti es to th e variation s of the 9 5 %  con fid enc e limits wer e abou t +0 .4 and 
+0 .2 d B, r espectiv ely. The es timation error in drifting spe ed ( v) s eem ed serious ( V cx:v 2) .  

Th e s ensiti vi ty to this error was about + 1 .5 d B .  It might not b e  expect ed th at th e 
maximum l imit of all ov er TSkg error w as less than + 3 d B  (half to doubl e). 

Using FRANCO IS and GARRISO N'S equation, F URUS AWA ( 198 5) has point ed out th at 
th e absorp tion att enuation co efficien t  (a) is s ensi tive to the wat er t emp era tur e and salinity 
at th e fr equ ency of 20 0 kHz. Th e coe ffici ent a adopted in the pr es en t  acoustic surv ey 
is about I Od B /km high er than tha t  r ecommend ed by him . This sugg es ts that the S

11 

might h av e  an upp er bias and that th e TS (g en eral term for TS0_ 62 g and TSkg) might be 
ov er estimat ed .  Th e corr ection for a, however, is li kely to h av e  li ttl e effect on the TS, 
consid ering that m easur em en t  w as carri ed ou t at th e d ep th o f  about IO  m .  A rough 
estima te of the upper bias of the TS is 0 .2d B (5%) .  Th e estimates of the TS pr es ent ed 
in this paper should b e  r eg ard ed as thos e using a of 50 .4 d B /km . 
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