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Acoustic Estimation of Zooplankton Density of Acoustic
Scattering Layer off the East Coast
of Oshima Peninsula

Naoyuki Takicucar*, Tsuneyoshi Suzukr*, Noritatsu Sano*
and Kohji Ipa*

Abstract

Acoustic sampling is a useful technique for gathering biomass data from all depths and
over wide areas. In addition, acoustic surveys may also help us to estimate ocean productiv-
1ty.

This paper dscribes the relationships between biological density of zooplankton and
acoustic volume back scattering strength (Sv). The surveys were carried out during the
R/V “Ushio-maru” cruises in 1987 at 42°00'N 141°20'E off the east coast of Oshima penin-
sula. The volume back scattering strength measurements of the acoustic scattering layer
(SL) were conducted at two frequencies, 28.5 kHz and 96.2 kHz with an echo integrator. The
biological sampling survey by the modified IKMT (Isaacs-Kidd Midwater Traw] net) suggests
that euphausiids are the major zooplankton species of the SL in July and August.

As a result of the surveys, the following regression relationships between zooplankton
density p(mg/m®) and volome back scattering strength Sv(dB) were obtained ;

285kHz: Sv(dB)=9.31logp—81.1

96.2kHz: Sv(dB)=5.01logp—67.6
The trend of the regression equation at 28.5 kHz was similar to the theoretical equation,
Sv(dB)=10 log p +B.

The July Sv value of 96.2 kHz was higher by about 4.7 dB than the 28.5kHz value.
This phenomenon was examined by the empirical scattering model of Kristensen (1986).
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ECHO SOUNDER

Fig. 2. Reflection of an echo sounder pulse by
a multiple target.

Ie=1TIo» exp(=2fr) | v * nl0bs) (1)
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Sv[dB]=10log n+10 log<ows> (4)
HoT B ARETF_AERTHE,
Sv=EL—SL+(20log r+2ar)—10log (¥ - ¢z/2) (5)

#272L, =a—v -~ EL=10logle, ¥ —A VA SL=10log Jo, RINHFERH « =10 log exp
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AT AN LTFHHB - EWTED, f- T 20log r+2ar D¥ED TVG 25T 5 RBELH
WT=a -~ (BL) #AETHE Sy #RDDZENRTES,

LZAT, 5ETHRNTERLL S, REEHRIGERE (Sv) (ZBEATARY Y OfER, b
LEGEEE n OBKTH B, ThiARCEIEEY) 0BE, THbbERFE p(mg/m’)
ORFELTIRTENTES,

Sv[dB]=101log p+ B (6)
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Fig. 5. Size-class distribution and mean body
length of euphausiids.

Fig. 4. Species composition of the catch by
modified IKMT.
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BrR TR T, MEOBFEILROBRR (ER) 287k,

28.5kHz: Sv=9.311ogp—81.1 (r=0.82) (7
96.2kHz: Sv=5.03logp—67.6  (r=0.75) (8)

TR TR 2 ERIEEABEIEYBERE AT S & 5 GBEILER (K (6) cX5<
ERERE T,

EAY (R (7)) wx35HEFREIL r=082 L H <, TEREROMEE  HERME 10 1A\ B
tirote, —HEAKE (X 8) i 5 HEBEHAEIL r=0.7 LEREL Y LEL, TLERER
DFEX S 5.03 LBEREI0DHWELSTH -7, TORERIARD L 52 Sy EIAEVEEL, BF

Table 1. Sampling effort during the study by modified IKMT and zooplan-
kton density.

Date Sample Net Total Water Zooplankton
No. Depth (m) Weight (gr)  Volume (m®)  Density (mg/m?)
4/27 1 50 150.0 732.5 204.8
6/08 2 150 17.0 1106.3 15.3
3 170 4.0 1213.3 3.3
4 30 14.6 1022.8 14.3
5 25 1190.0 1053.2 1130.0
6 15 1870.0 954.7 1960.0
7/07 7 30 2863.0 1460.9 1959.0
8 20 10120.0 1406.6 7194.0
9 10 1541.0 1303.5 11820
10 5 164.0 880.3 186.3
8/11 11 35 251.0 1223.7 205.1
12 25 68.0 991.2 68.6
13 15 314.0 1194.9 262.8
14 8 303.0 1137.9 266.3
15 35 36.1 914.6 39.5
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Fig.7. The relationship between zooplankton density p(mg/m?®) and volume scattering
strength Sv(dB). (A): 28.5kHz, (B): 96.2kHz

o Sv EMERAK L V&L, o v EXBVBEIERARRMOZEN NIV LIZLBIDTH
5 (&7

ELI IKMT n@BBERHRESMEAL 0D, 2EDNXT7I7v 7 P vE@BETYHEIRTS,
BEMHEESAREZ VKRB D77 v 7 + vRRIIEB L THRELTHL ChHORBERC Sv & p
DHEEYELS T5ER LS,

AERRE AT S D HEHERFEE L RD B DL, R (1), 8) xEHBL CKkAxHB 5,

p [mg/ma] — 10[[Sv+81.1)19.31] (285 kHZ) (9)
P [mg/ms] — 10[(Sv+67.6)/5.03| (962 kHZ) (10)
fe> THEE b OBDOFEHEYFEE <p> 11 (9), (10) KX D
28.5 kHz :
1 h
o>= | pan
:}h_fh 101sT+8L 931G a1
]

96.2 kHz :

<p> :_1}; L‘h 10[(Sv+67.8)/5.03]dh (12)

Table 2. The estimated zooplankton density calculated
from Eq. (11)-(12).

Depth Estimated Estimated

Date (£) Density (mg/m?) Density (mg/m?)
(28.5 kHz) (96.2 kHz)
4/27 0-50 61.9 354
6/06 0-50 353.0 429.7
7/07 0-50 1000.0 1080.0
8/11 0-50 634.0 275.9
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WLk Bb0Lb, A—RBRET 26RO BESERD 2283 E L bRE, ZZCRA—BET
LEROBBEBHEICOVTERL, B A*7 s 5N 999, 2 h», AYFELELEL
T TADF — 2% B,

Kristensen (1986)" 124 * 7 s MO FEMA L WMBERE F A2 AVGCRITL, OB 5EELN
R ovs X AER f OBEKELTELL,

ows(f)=C [(ﬁ,/f)z—l]2+6z af, a, ¥) (13)

CEZTCOCRBFEIVE—FVRADAT A =%, a3+ +7 I OBMER, f, FILBARY, 6 1t
ERO S v ey 7 BY, d IBEIRREYE, ¢ 34+ 7 30, FATHS, i C ik Rayleigh
zone TIXFEIL h L BEL g DL THLUTE B,

o=4(lT‘g;¢—z+11—;295)’ (14)
Jo B X0 ¢ 13 Kristensen DEBRER D LERA T -1,
Jfo=c/Ana (15)
6=05 (16)
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frequency of 10 mm, 20 mm, and 30 mm Fig. 9. The back scattering cross section versus
body length euphausiids calculated from body length of euphausiids calculated from
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285kHz: Sv(dB)=9.31logp—81.1 (r=0.82)
96.2kHz: Sv(dB)=5.03logp—67.6 (r=0.75)
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1) #REe - EFE- REET (1984). EEFSEBVC KT 2 FREILE ORZEHEEIT OV
T, deRKERER, 35 243-253,
2) KAHEE - RKFME (1980). HAEOHBEELS, JtAKERER, 31, 84, 114
3) BurczynskiJ. (1982). Introduction to the use of sonar systems for estimating fish biomass, FA0
. fish. Tech. Pap., 191.
4) Age Kristensen (1986). Acoustic estimation of size distribution and abundance of zooplankton,
J. Acoust. Soc. Am. 80, 601-611.
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