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Target strength of live arabesque greenling Pleurogrammus azonus suspended in the sea.

Takahiro TAKASHIMA®

Target Strength (TS) of live arabesque greenling Pleurogrammus azonus, a kind of bladderless fish, were

investigated at two frequencies (38kHz and 120kHz) to know how they relate to frequency or to fish size. Live

greenlings (26.4~30.9cm,BL) were captured by angling at the Senposhi bank off northwestern Ilokkaido. For

measurement of TS using a quantitative echo sounder EK500 equipped on the research vessel, each sample fish was

suspended below the bottom of the ship. Rayleigh probability density function (PDF), which were selected with AIC

from two types of PDF, were fitted to distributions of back scattering amplitude at both frequencies to estimate
averaged TS (TS,,,). TS,,, were estimated from -62.1 to -49.8dB at 38kHz, and from -57.9 to -47.2dB at 120kHz. TS,,,
at 120kHz were larger than them at 38kHz for 3.3dB (mean). Although TSavg increased with body length at both

frequencies, regression model was fitted better at 120kHz than at 38kHz. These results yield two conclusions that

arabesque greenling also has scattering characteristics of bladderless lives, and that 120kHz is more appropriate

frequency than 38kHz for acoustic survey for this species.
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Fig.1 Sampling station of arabesque greenling (%) and
location of TS measurement site (¢).
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Table 1 Details of sample fish.

No Body length Total length Weight

(cm) (cm) (&)
Fish 1 26.4 30.6 227
Fish 2 27.2 31.2 240
Fish 3 28.1 32.6 315
Fish 4 28.6 33.6 372
Fish 5 30.6 35.2 380
Fish 6 30.9 35.4 367
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Fig.2 Configuration of TS measurement.
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Fig.3 Relationship between body length (BL) and total
length (TL) of arabesque greenling.
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Fig.4 Distributions of TS of live arabesque greenling at

38kHz (left side) and 120kHz (right side).
BL.: body length, N: number of pings.
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Fig.5 PDF of backscattering amplitude of live arabesque
greenling at 38kHz (left side) and 120kHz (right
side). Dots are experimental data, solid lines are
fitted Rayleigh PDF, and dotted lines are fitted Rice
PDF.
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Table 2 Estimated parameters and AIC by fitting of Rayleigh PDF and Rice PDF.

38kHz 120kHz
N Rayleigh Rice Rayleigh Rice
0 <0bs> <0bs> (obs) (Gbs)
(x10%) TSwe  AIC (x10°%) v TSwe  AIC (x10'%) TSue  AIC (x10%) TSwg  AIC
Fish 1 1.23 -59.1 152.73 1.23 0.0 -59.1 154.73 1.61 -57.9 152.73 1.61 0.0 -57.9 154.73
Fish 2 0.61 -62.1 152.71 061 0.0 -62.1 154.71 3.38 -54.7 152.76 3.38 0.0 -54.7 154.76
Fish 3 1.15 -59.4 152.72 1.15 0.0 -594 154.72 420 -53.8 152.74 420 0.0 -53.8 154.74
Fish 4 4.37 -53.6 152.72 405 1.9 -53.9 154.71 4.90 -53.1 152.71 465 0.5 -53.3 154.71
Fish 5 3.79 -54.2 152.72 3.79 0.0 -54.2 154.72 6.89 -51.6 152.73 6.89 0.0 -51.6 154.73
Fish6 10.53 -49.8 152.72 8.97 1.3 -50.5 154.71 18.93 -47.2 152.73 16.88 1.2 -47.7 154.73
5Ty =0%t7%Y, RiceAFiIRayleighf A& —F L7z T28dB, 120kHzTi315dBTH -7 miITAEEEICE
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-2283L EEE N2, EIROEHERZE (SE) 13, 38kHz

Table 3 Estimated Parameters by fitting 20log,,. model
(equation (6)) or mlog,L. model (equation (7)) at
2 frequencies. SE: standard error of the
regression, p: observed significance level of the
test, R?%: coefficient of determination.

20log;,L model mlog;oLi model
Frequency Z
bog m b SE p R
38kHz -85.5 141.5 -262.5 2.8 0.036 0.71
120kHz -82.2 120.3 -2283 1.5 0.008 0.86

WTHEZ -7 (38kHz : p<005, 120kHz : p<0.01),
¥ 7, RERERUIICkHzZ (0.71) X Y $120kHz (0.86)
KB TKEDPo, ThEDZ Ehn, (D3IL38kHz
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Fig.6 Relationship between body length normalized by
wavelength and averaged TS.
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Fig.7 Relationships between body length and averaged TS at 38kHz (left) and 120kHz (right).
Dotted lines are fitted 20log, L. models (equation (6)), bold lines are fitted mlog, L. models (equation (7)), and thin

curves denote 95% confidential limits of mlog,;I. models.

2. PDFOES
REFFRTIE, AICOLEIZ L ), MERBDTS,  ZHEE

T2 E5F)N & L TRayleigh i % &R L7225, Fv iz

#4 5 Rayleighs)4i & 5\ dRice A DA DWW T
i, BHRIVVLETHE, RiceTHDHTRDIZBNT
y >0 &% B¥E I RayleighsAi & D Rice3 7R OB A A
v, LERTAHL, KT, THEO50REHICE
WTHHERMA 4L B L6 BV TRice AL <BEAEL
728 v 2% (Table 2), Riceq#iix, DL/ A »20KH D
e, BLUQADE)XINER TR WEELZ, Rayleigh
SARLDBEELR T B EENTWSS D, T/, 1L
BOTBRE 2 ZE S, Rice Dy #HREELY
AR S 59,

Ry T IEEMTH L0, y /NS LD T,
iz NiERice AT A RayleighH A iz D i 7z,
BLOPLELTVSE, $5|2, #EtAa DL/ A 1338kHz
TIETXT20kK, 120kHz Tid 4 _T20U ETH o 7212
bbb 5T, PDEOEA L/ A XN E DRICHRANE
WHONLG o/l eh s, QiIHEKE4BLT61C
Rice A TR E o LER TR W EHIT S NS,

—7%, HHAE, TSHERTREATERCERLTY
7es, WEPIZBIT 5 EBORE L, AR T—#T
B oz RN S 5, EHETE OBE=ICHT 53
WAERTIEBTERVDE, HEHA 4D EH0IT6 DER)
EMMUOERA L VDb oL IRETHIE, B0
JAEETLINS 2BDATRIce S Gl HTidE o722

EHHHATE 2, Tabb, HiIidDERNS L, 4RO
REERLHATEI IO, QOEROATH S,
UEoERIZLYy, el dsmMoftiRantR#d
FlCBWTIL, Ry FI38EATH L0 IIAREIIRIce
5345 & Y RayleighG A 2S@A L R3S, A5 2 OEH
&) BREES IR LS, 5 98K L TRices
HHBTITN T DL bbb LEREN:, &
#ix, FUFFECHRICTE B d o 7218~ 26em DR R 5B
IZ2W T dRayleighB AR D & TILDHAHEY 0 &) 2D
WTHERS L 72w,

3. BB ETSagE DEIE

120KkHzZIZ BT 5 TS, M338kHzZIZ BT B F 16 L 1) 3F
¥T3.3dBZ T RE D o7 (Fig6) Z&iE, sy r b
BEMO—ETHAHT LERLTWD, —fRICHEEAY
BL/APFTETFTCTUA Y —#HELF®E R L, TSHSREIC
INEL T B, FI0LL ETIETSHS A4 XD RIKFET 5
BT 2 BELRET RS, 72, L/ A1 ~100#iEH I,
BELRMEDT L A ) — LD ST 2 BEL A~ E BT T 5
FREEZ 5N TV 59, FHARIESmD F ¥ 7 X T,
38kHz & 120kHz & DTS#:1310dBLLEIEST 225, Th
1&38kHz (L/ A =0.4) DA% 53, 120kHz(L/ 1 =1.3)
WZBWTH LAY —HELOEE YT 57:0TH 5,
TR LT, AR oMRM (kv &) TiE, 120kHziz
BiFBL/ 2 (21.3~25.0) HRATHELEBICNIE S % —
7T, 38kHzIZ BT B ENS (6.8~7.9) EBATHBUINL

-
L



BT 5. TD20, 2BBEMEICBITSTSOEITIRN
IZAFTIENAEL RBIETTHY, KEOKRIX
ZOZEEFELRV, Thbh, FFETHELNLFE
¥3.3dBDZET, HEEAY LT OBESHE L HRAD
L/ADMELOBERICEYELEBRENS,
:ﬂewmmmﬁﬁﬁ%ﬁmowfu B MAIC
BWT, RO L) BISHAPERITERTH S, V&2
&, Ay TFOSmEERTEL R%MKI%T—y%ﬁW
5 LT, TSuPWRAERRED KRS 5 HIg (4T
BCELSEI) 1B E, EAEE L EMLT 2L Th D,
RIC, BRBIC L 2 8EREZEEFHTAZ LT, O
— TS AL TRy FEAHLEIFTIHRRILOELET
SN ERBEETAILTHD, EBIC, hy sl
BT 70 N EFRARCART A ELE N0
T, SEEEMOVLERITE V. L2 L5, 120kHziE
38kHz & R TIRIGEFE AT K E VO T, KIREDERMIC
BAMETHZ9 T &R, WREBITK Y 7 ICLEHT 5
VA ZAOEERELHFET HHE, Inbeiky it
DFEEFTRIC L BHIRLEL S, SBREIBHEEFAED
RN DONWT, Ky 7 Ok BKERPEEDEYE®
ERL VG, bk U728t o i A5 fE 2 i
LEHEFHOPIZ LT LESH 5,

4. RRETS,, & DBERE
HADBMBER LTS, L OBRIC ) REe b TldD 7
23, ELEL0RERIZBWTHHREINNEWAITIE
TSy BRI, REWVHTIE/NMIEE SN AR A
Lz (Fig.7)o —FA, N RDDTIEHDIIBVTIE, &
Em3ELLOFEHRTL0IVKREP o DD, &
BETHo7 (Fig.7, Table3), b 2BEDEFIVIC
LB5HTIROERIL, KFETHF L LI2hEHHA
(26.4~30.9cm) IoBWTIL, BEXEELAG)RICL S
Bt L 0 b, EEDRABICHELL (7) RcXsFh
LS, BRETS, L DBMBERE LTRYTHLH I L iR
LTw5

6) RDBHTRFVIELL hholZ i3, AKED
2RICEBTSOREMSZLETHEVI L EZRLTW S,
McClatchie et al*®%, % { DFEHBIIBVTIDT
EERRL, Z0HHY, AARLERLOLIEIERK
BERICIVELRLZ-DEEE L, LHPL, k¥
EEAETHL20, ALEHTRAROBREZHHT
Ehv, ZOMEZHALPIZTALDICE, sy rof
FREERPRNOEZHBENTSICRITTHEIIOWT, #F#L
CHBEIT 20BN D 5,

HERTHS (7) RODTROBEENEEZ o722 &
I, HEAOGRRHEBICRONDEAS, & v 7 DTS, 2k

BHETINLAYTDI—Fy - ALY FR 79

RO U CHEFAMIMNBERTH 5 2 L ICHEriy 2 =41 58
BENIZZEEBERT B, SO L2, HEAEICE
LHAEERAL T, KEMERIGPIUE, Zhs 0%
REAVTHEAREFET S ZLDTEL, 3512, &

TIkTYDREE (Fig.7, Table3) &8k L7 & kit
EERERTNL, &y rOGEEOHEREIZIZ1I20kHzz
LBAEEF— I EHVLIET, BUWRELELZ LT
TEB7EA9, LeLieds, Ry roENEY (X
X, FIZEEI8m LR DT, FFETHEL i
o 7218 ~26enDAEEHEICOVTHTSEREL, hE
EDBREEDIDZITITE S\,

ABFGETIX, K T DTS I8V 5 EEFEB L O
HEEOEBRERN, FEARICLIHEEEREOTHE
HERNET T ENTE, SEITERFERLEGOH
K o—EMOMRE2BAICEET o725, S%ITd%E
TAHRRHE TIN5, EAREHERT, H50ITER
KIEIZB T ABBRUEEIT) ZELT, Ky FOTSIZD
WTEHITFEL (T E W,

Z 8

20024F 5 A21H W CEEHEIT AR THREINFE

26.4~30.9mDiEF v iz onT, SERFREMRILELIC

B S N5 ERHEKS00 (38kHz B L UN120kHz) % AW

TH—= v b AMLYTR(TS) 2HEL, UTOHK

REB,

1) BONFTSOMEBESA A 5, 38kHz & Y 120kHzIZ B
W, Ry 7 OLEZIHT B TSORMMEAS B
TR FBIE I NI,

2) FHTS (TSye) 2HET 5720 OHLFEREE L L
T, Rayleigh%7#f it OV IZRice 5 7> 5 AICO HLEE 12
& Y Rayleighs#i % 18R L7z,

3) TSuelt38kHz Ti3-62.1~-49.8dB, 120kHzCi%-57.9
~-47.2dB L HEE S, 120kHz 054 5538kHz & © F
#3.3dBR & o7z,

4) MAFOEBEEICBNT, HEEBEINTEE & TSy,
& ORI BB MR ATHER S h7z28, BRI
120kHz T X < HTidz T o720

%

B

AWRETTOLIIHI2D, ELOBEREMBELER
W52 TL 28 o IRATHRIEE AR ER /e~ & —
KETFBEF LR, L bRk E RS
sk Eafse s, mamEEL, 2o CeARERC
B M EEE 2 EHICE 2 TL 22 E o 22 LB L RK



80

wiE FE

ERABRY P HEEEMER (A CRH#EBLEY,

7z,

FHEMBLUT, A6HE RNk E R B A RAE

AL FE L DRA BRI, L& D AL L LT E T

X

1)

2)

3)

10)

7y

BIEEE kv OENAERE. FTAHHEE. No32s,
3-8 (2000)

HE—R  AEDOS =7y PA MY T ADKEEH
EICHET A%, A3, JLiEEAE. JhikE,
2005, 290pp.

Kaneta, T., Miyake, H., Mizuno, M. and Yoshida, H.:
In situ target strength of walleye pollock, Theragra
chalcogramma (Pallas) and arabesque greenling,
Pleurogrammus azonus (Jordan and Metz).
International Workshop on Acoustic Surveys of North
Pacific Fisheries Resources (Abstracts). 32-33 (1997)
Iida, K., Mukai, T. and Hwang, D.: Acoustic
backscattering of swimbladdered juvenile fish derived
from cage experiments. Fisheries Science. 64, 929-
934 (1998)

Haung, K. and Clay, C. S.: Backscattering cross
sections of live fish: PDF and aspect. J. Acoust. Soc:
Am.. 67, 795-802 (1980)

Clay, C. S. and Heist, B. G.: Acoustic scattering by
fish - Acoustic models and a two-parameter fit. J.
Acoust. Soc. Am.. 75, 1077-1083 (1984)

TSR, EEREE, SRHENE T, AR DRV
HBCHESNIFEAYIOEHAY -7y FXA ML
v 7 AOWE. HKEE. 60, 223-227 (1994)
Mackenzie, K. V.: Nine-term equation for sound
speed in the oceans. J. Acoust. Soc. Am.. 70, 807-
812 (1981) ‘
HEEE | KERREEO O OBTEIRIC L 54
PRANCRES ARFZE. AKILAFRE. 11, 173-249(1990)
MR, R, SHEVED, A ARET RV T
ETHREIN2EEIOBREDY -7y PANL YT
AOWsE. HKEE. 59, 1515-1525 (1993)

11) Foote, K. G. and Traynor, J. J.: Comparison of

12)

13)

14)

15)

16)

17)

18)

19)

20)

walleye pollock target strength estimates determined
from in situ measurements and calculations based on
swimbladder form. J. Acoust. Soc. Am.. 83, 9-17
(1988)

AFHE—RR . hEDH6 & Y A72R v & Pleurogrammus
azonus JORDAN et METZ O, b AOkKERR.
8(3), 190-194 (1957)

FHAES | FBREE I & A ARRIE. JbkEFER.
47, 1-6 (1995)

JREZ D&y 7 OBEAGREEIC L L FREE LR
FIEEIC BT B R, MEERENESE LERE
A&, 27, 39-48 (1994)

ARAEERR | RN L AIC, B AR XK EE SUERAT
FedEk =2 —A. 339, 9-11 (1987)

ERRE—  AOTERE. BEEEYRE. 22,
94-101 (1995)

Miyashita, K., Aoki, I., Seno, K., Taki, K. and
Ogishima, T.: Acoustic identification of isada krill,
Euphausia pacifica Hansen, off Sanriku coast, north-
eastern Japan. Fisheries Oceanography. 6(4), 266-271
(1997)

JCHK - EBEER: | kv o (Pleurogrammus azonus)
DREG RS 7T 7 b OB, HAKE. 15,
343-353 (1949)

MacClatchie, S., Alsop, J. and Coombs, R. F.: A re-
evaluation of relationships between fish size, acoustic
frequency, and target strength. ICES Journal of
Marine Science. 53, 780-791 (1996)

McClatchie, S., Macaulay, G. J. and Coombs, R. F.: A
requiem for the use of 20log,, Length for acoustic
target strength with special reference to deep-sea
fishes. ICES Journal of Marine Science. 60, 419-428
(2003)

BIBEE [ kv . FRISEEIEEZHENKER
BRFHETRGE. 2004, 80-96.


http://www.tcpdf.org

