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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).

# 0=

P 351 B B ELE SL (Acoustic Scattering Layer) (X RABRABC L » TR == —
Lt THEIh, HHRBOBRTHEAIIh T3, JtEEEE¥EFHOKE 300 m-400 m D
BRI RVTHEH T 5 v 7 + vt X > CHER KD SLARRIEh5, 4 SLXBRERD
HERECHEZEAARES Y T5 2 &XMbh T, ARk T EHEIIIKE 150 m-
200m iz SL BMERIXh, FANKEICHAE20m~30m ¥ TLEET S, SHLICHERCALR

* JeEEAF KRN E
(Laboratory of Instrument Engineering for Fishing, Faculty of Fisheries, Hokkaido University)
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ZEREBHOEEIES 3nETH I LAREIhTV3Y,

¥ SLAMR DAL SL OEFAEYTHHAF 7 i B EEYBAETHAr VI &S
SZpfEf, FRAROFEELHERINTEY, SLoAYRE, SHOBELYHLZ X, Thbd
PHARNSEETAFOBBRIC T 5 EYOEENOBOERER Lt b,

RERAEY AT BENRERON AL, EYED S IEHOERE Tt E OFER Y BRI,
F L CH RN ERBRATED 2 L TH D, I, AREMNLEHIhL =2 —IIAE, &
B, BELESOBENE TR T 5, AFREAROHBEEY AT SL OFERHFET
»5HEEEFHEALBE () 2AEL, 75 v 27 b viy VL AEYRELARCT - C, BE
DBIRAEEL I,

BE BB

FHEIT 1987 4 4, 6,7, 8 Bizdbik 42 B 00 4, FE&% 141 B 20 4, K¥EHF 300 m ORI F\ T
b EAFRAER S LEA (107 b v) 2HCTT -1 (K1),

T

\\ Fig. 1. Map showing the area surveyed during
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7Syl {//ré L7 the study (42°00'N, 141°20°'E).
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Pk E % EUHERAL OWREHA L ARG > 5D 5, HECTERERKXSAEEY
Eths, BMBCREh T CHEL CWRRBEBRKETET S,

BRI SL 0BEBEH AT 5 A B 1 BHENT S BREY 4 BRBRORICIT - o, 2O/, #
ERBEOTEREE (L Bi5 KFC-200, A% 28.5 kHz, 96.2 kHz, <L 2 #8 1 msec) *{#H
L, za—Av5F7v—2DHN»5 SL oFTREREFKELEE (Sv) 2E LI, Ebics
EEFTFLTIKMT % » ML BAEREEOEL, TORERMS SLOoAYEE»RD SvfE
EDBRY KD,

ERERERSHERE (Sv) ORE

SLD X 5 ¥ABIERECHTMTI2EE, BB LO=a 13, AV ARGEPOME 4
DHFMENr LDz —DEME L TELID (K2), SLEBRTAHEAANLS v £ 4 ThOA
HWHCOHL B30 ETEE, FEIOEH r CH5MEAEH»b0 = 2 —HE Te KRR T
#£Exh3sY,
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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)

,'A

= C To A TAREE, exp(—26r)/r* \1EEHE r DERGRBIC B A B R CBIREE, v XA R
AR, n RBILGOBE, (o BHBFEEORHEHHINEE TH S, L ARGBRE v 2
E—alE ¢, ElEr, <L xiB7, TEcTHAVTRATEIRS,

v=cz/2* Py (2)
BT ()RE Q) RO OBAMEEY Y OBRTTHELREI KX E 5,

o 2 1
exp(—28r) c¢r ¢

—7, FHEEEGHEEE Sv QKA TERI LD,

n(ﬂ'bs>='§§‘ *

(3)

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
(B) THBH,B)ROEIHEBIIER r %25 2 — 2 LT HERBRTD 505, r AEROEHREH
t DB TE DD, o T Ol RIESEG, BREMBERYHAVGCTHETSZ &M TE, T
% TVG (Time Varied Gain) IE &5, D5 2 —2, THbbSL, ¥, ¢, r BR AT
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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Z T, Bitp#lmg/m® OROEBERGBELHEETH 5.

IKMT % MZ & 24458 & HHBEOHE

SL S x, IKMT % » + (K 3) # VT 3knot DMETH 10 FREIKFR LA, T
SLOFLBYRPTEILBEE Ry b= —THMBEEXER L 2D, ter—1Y
1AvFOT1 Y —REXRELI,

FEROBEXINLBYHR 7S v 7 b vOREBER4KE, %7 I8 (Euphousia  pacifica,
Thysanoessa  longipes) DHER S AR LT T, RPN LHH L L T4L,6 AL VB LE
(Calanus cristatus) 73 26%, 7> 66% & HEBHI% S, 77,8 AidA %7 5 999 ki,

£WBEOEYBE XKD L S LTRDI, T One-meter ¥ v 7 (K 3) OFLIK 7
r—2— g2 ¥EEL, FAYHNLRB T CHERETS, CoRDY v I7EB o likEY
BE, v - 75, SR ERLCHEL, 7e— 24— 2 1EES)ORXE K 2 RDB. -
TP ERE L s 20RBRARE 7 v — 2 — 2 OEERC K R U TCRkDLAL EHFE
DEHIL, REAMOLBEREY 7 v — A — 2 0bROLEKECKRL, Thi4dEPFE (ng/
m®) & L7,
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Fig. 3. Schematic diagram showing the BODY LENGTH OF ELPHAUSIDS (mm)
modified IKMT (Isaacs-Kidd Midwater 20
Trawl net). L Jul
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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.

—118—



wos:

0 TEMP(C")

HERBEYRGCAEERIEOAHEE BRI OWT

—60

-60

VOLUME SCATTERING STRENGTH (dB)
~40 —80

—60

40

80

ﬁw&:

3 B

(m)

120

i

-80
;

-40-80
IS L

| I

APR 2

| I
4 i
] —

- APR3“

DEPTH
O
oo

40

80

120

JUN2

40

@
o
|

2T

120

X
9 L

j— —

J K
] JUL2

|
| %ﬂ
JUL 37

N
(o]
N

o

DEPTH (m)

£~
(&)

801"

1

H
AJG

1 F

/§UGZ

é ﬁ
UG3"

120-@-—%00)

|
-80

]
~60

‘40 —80

‘60

~40-80

‘60 ‘40

Fig. 6. Vertical profiles of temperature, salinity and volume back scattering strength (Sv). T:
temperature, S: salinity, Li: 28.5 kHz, H: 96.2kHz
(Note difference in temp. and sal. scales)

—119—



d X XK #E & 3| 392), 1988

BREIUEE

£AD S DBET e 7 4 AR LU CTD Bl k 2KE, EFEBEOCSHRYK 6 21,6 A
LTARSL b =2 -3, =a -0 — 7 3ABEBRBMACDD = EARBD LA, T
“RAEETORETIE, SO BEFONEYBLTHELCEREOT N El T, LALZORAYE
Bk 223 AL ->TEY, 4 BCRETOXKBTRERBETH B, T AT S EIE
i (¥—60dB L) cREEMoZER/NEL, ¥ SvEMEVHFA (—60dB LIF) Tit
ERKEVEVWIBRENLALRA 6 ADTF—2TiX4 A& T AobBERATH -1, 2D
Bt 5EVCOEBERE LT, HilGoBERSECI B8R TORE, TivbbR4KRE
Lick e, BAKE - CTHELGBOBPHEREARVRRD 1D, BEGTHE 77 v 27 b volk
FHEERE (ove> O RAEBRHESRA B TEELND S,

KIIEMT % » VI L o THREIhIEYBER L 7r— 2 -2 0 LRDEBEKE»HEH
LicEWEEOKELYER 1ITRT, ZrOEADCEYEE LT AXVRATHY Sv HOHELRE
(B16) t—FHL T35, IKMT isbRO-AEMEE p(mg/m®) & BB RIE L7 Sv(dB) DB
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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EX AT S ENOHBLAEEADKEOM~50m ¥ CORHEYBELYE 2 I0RT, HE
LIcEAMERER, 4 ASD TR TEL Y, BARKB EEAL T3, 2O L,
BERK L BEBRRAOLE, 2 VEENOBVEERKE, ThlRTEEDOE B
BRKEDOTBC I —HLTWB D EEL R,

T, ZREMOZILANS T ATzl < —HK LT\, 8 BT A ZEhntz, 20
FRI8 AoRBEOLHELYRL L, SLOSHEN—EETHRL, Ay FRESHLTVS7DIT S
EOREHRCEBENEL D EEL bR,

RER 6 R X die, SLomBEERIkT5 Sv oy — 7 DER, HiLAETDH 280k
T3V b VvORBERENCIALO TRV EEIRE LY, M, ZOHILEBEHCIIEDR
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)
Fl a2 TidAd+7 I HOGEY TL 15 L,
a=0.136 TL'% amn
-50L
@ -s0l Z&S?ﬂsazha -501- 195 (mm)
= : 28.5 KHz

(dB)
®
=]

|

9.2 KHz
/ 4.0 (dB)

10 Log(at,)
®
(=]
T

~90-

10 LOQ(“Q)
@
(=]
T

- 1 1 { él [ _90—
00— 620300 ; .
FREQUENCY (kHz) 00—y 030 1o
Fig. 8. The back scattering cross section versus BODY LENGTH OF EUPHAUSIIDS (mm)
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
Eq. (13)-(18). Eq. (13)-(18) at 28.5kHz and 96.2 kHz.
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TRINhD, BELGOKEEYE d 3 f, TL, ¢y OBKTH Y,

_(sin [x(TL/1)sin ¥]\?
i, TL, ‘”_( (1L Do ¢ ) (18)

TRENDH ¢=0(rad) LHETH & d=1 L7e5, A (13)~(18) AT ows(f) HEE L 1cf
RENB8IzrRd, PO @IEBRE LI A#EATHS, RNIAERAF RO (285~96.2
kHz) B\ CAF7 8D 05 » TL=10 mm T HEFA®MMEY, TL=30 mm CTREFRI», *
LT TL=20 mm THIEIRBHEEZETHZ LERLTV5, T2 CRAERY 28.5kHz 35 X 18 96.2
kHz mEEL, 65 % TL OB E LTELEL (K9), R9D 65 DRBEMOZR TL I v E
btTarztbnsd, TLOEY TACIRELLA 7 s HOEHER 195mm & T3 & iHE
BEOZEIZ40dB £ k55, ERDO Sv [HOE — 7 DEDEHIZATIB Th - o biiEER e 71
L BEEEBE—RL TS En25, foT, S HOZARMOENAEREEHIZL 5D
ThHETHE, VEDOENS SLHO A+ 7 : OFHEE, H5\ IR EREOETEH
AR B EEZBRD,

= #

ZESIEEBLEESOBB RIS SL OEYTEXHET B0, FEAEYAV
o SvEoREE, IKMT * v %2 AV 4EHRELTVROMRE B,
1) IKMT * v P2 X D RDICEHFE p(mg/m®) & Sv EORCIEROBIRR 2B,

285kHz: Sv(dB)=9.31logp—81.1 (r=0.82)
96.2kHz: Sv(dB)=5.03logp—67.6 (r=0.75)

2) 4AMEENEIELBREYD 9% ULAA*7 i EHTCh-1 T AD Sv {HITEREINE
AR L b 3FEH4.7dB &b -, Kristensen OfERE FARBVWCHE L LA, Z0EIL
40dB t7eh, SV EOREBEIC L 3EZ A+ 7  BOBREEIC & 78 5 ERBELKTERE (0w
DEFEEH LA D EELLRT,

KR EEDBIYL D, FREZERARHBIYEVGctimERFEKEFTFAERL 5> LBSAH
EMEBEREY XU HEHEFERCEHT 5,

X [

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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