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Measurements of Density and Sound Speed Contrasts for Estimating
Krill Target Strength Using Theoretical Scattering Models

Hisayuki Mikami,* Tohru Mukai,* and Kohji lida*

In recent years, acoustic technology has been extensively used for estimating krill abundance.
This acoustic assessment is required for precise estimate of target strength (TS) of a krill. However,
prediction of the target strength from the theoretical scattering models is generally dependent on the
swimming angle, the density and sound speed contrasts between krill and seawater. In these
parameters, the density contrasts and sound speed contrasts are known to change during the year. In
this study, the seasonal variations of the specific density and sound speed contrasts of Euphausia

pacifica are presented.

The specific densities of E. pacifica were measured in a series of saline or glycerol solutions of
different densities. The measurements of the sound speed were performed using T-shaped
velocimeter with two transducers mounted at the ends of the horizontal tube.

The specific densities of E. pacifica changed about 1% with season. The sound speed contrasts
also varied about 3% with season. These seasonal changes yielded difference about 5 dB in target
strength of E. pacifica calculated from a straight cylinder model.
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Fig. 1. Sampling sites of krill (Euphausia

pacifica).

A: Funka Bay, May-Oct., 1998, May-Sep.,
1999. B: Off Shizunai, Dec., 1998. Net Sam-
plings were performed at night-time.
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Fig. 3. The relationship between the specific den-
sity and total body length of krill preserved by
formalin.

Measurements were performed at four
months after net sampling.
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Table 1. Total body length T'L, specific density p, and linear regression of preserved E. pacifica
p=a*10"3TL+b

Total body length 7L (mm) Specific density p (g/cm?)

Range Average Range Average a b R?
May 1998 8.2-22.4 15.2 1.032-1.052 1.041 0.8 1.029 0.468
June 1998 8.1-19.1 14.1 1.030-1.049 1.038 0.8 1.027 0.277
July 1998 6.6-20.0 14.0 1.036-1.056 1.047 1.0 1.033 0.619
Aug. 1998 8.3-17.2 13.4 1.039-1.054 1.044 1.0 1.031 0.371
Oct. 1998 8.4-15.0 11.8 1.043-1.052 1.048 0.7 1.040 0.232
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Fig. 4. The relationship between the specific den-
sity and total body length of live krill collected
in Funka Bay.

Measurements were performed within 48
hours after net sampling.
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Table 2. Total body length 7L, specific density p, and linear regression of fresh E. pacifica

Total body length 7L (mm) Specific density p (g/cm3) p=a*10"3 TL+b
Range Average Range Average a b R?

Funka Bay

Oct. 1998 8.4-15.0 114 1.055-1.065 1.061 —-1.2 1.074 0.675

May 1999 12.1-19.9 16.2 1.051-1.067 1.059 —-1.2 1.078 0.369

June 1999 10.0-19.4 16.7 1.045-1.069 1.056 —1.8 1.086 0.337

July 1999 8.1-17.9 14.3 1.055-1.074 1.065 —0.9 1.078 0.126

Sep. 1999 11.2-18.5 14.8 1.052-1.071 1.063 —-1.5 1.085 0.177
Off Shizunai

Dec. 1998 9.6-19.0 13.0 1.045-1.052 1.049 —0.2 1.052 0.078

Table 3. Sound speed contrasts of E. pacifica to surrounding sea water in various temperature

sound speed contrasts &

temp
May June July Sep.
C) V=26% V=45% V=26% V=23% V=43% V=30%
8.0 1.043
9.0 1.041 1.044
9.5 1.039 1.041
10.0 1.038 1.037
10.5 1.037 1.032
11.0 1.036 1.035
11.5 1.039 1.034 1.038
12.0 1.039 1.035 1.034
12.5 1.042 1.033 1.031
13.0 ' 1.043 1.030 1.028
13.5 1.044 1.029 1.025
14.0 1.044 1.032 1.030
14.5 1.045 1.029 1.031
15.0 1.047 1.027 1.028
15.5 1.044 1.029
16.0 1.044 1.030 1.010
16.5 1.011 1.010
17.0 1.011
17.5
18.0 1.054
18.5 1.056
19.0 1.043
19.5 1.042
20.0 1.036

V shows volume fraction of krill (%)
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Table 4. Total body length and averaged sound speed contrasts of E. pacifica

Funka Bay Number of specimens Total body length (mm) Salinity Sound speed contrast
1999 N Average SD  Range (PSU) ° Average  SD
5 May 1728 16.0 2.8 8.3-24.2 32.1 1.043 0.0029 .
10 June 3056 14.6 3.1 6.6-22.0 32.7 1.034 0.0049
22 July 1440 15.5 2.2 7.0-20.5 33.2 1.046 0.0076
2 Sep. 4608 11.8 1.6 7.0-15.7 33.4 1.011 0.0005
N shows total number of measured specimens
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Fig. 8. Seasonal variations of averaged sound
speed contrasts and averaged density contrasts
of live krill collected in Funka Bay.

Averaged density contrasts were calculated
by the density of the ambient seawater.
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