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2. Aerpefll oKk A Be, 1AL BRI 430070

THEE: HAFRoRE (target strength, TS)AEN U AR A (B 40 il 240 X5 W0 UR 1t 09 SC B S0, ] sl 2 el 75 24 B R i #8,
TN AT 2012 4F 12 A & 2013 4F 6—7 A, 7 = WK I vh AR 653 3 b X 48 P9 {8 F BioSonics DT-X(199 kHz) 724 5%
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VEARSE N T MERE, Xt a2k HARoR ARSI T
B R P22 Ol Ml 7 R AR AR TR Y
RFEFBLH], T H bR 5 B2 X — JE AT 58 ik 24
FZEo

R G BRI TN G BT AL IR, H b o B2 g DU
SE 7T A R A S K (i situ) PSRN SR
W78 5 (ex situ)o AR A8 25 AT 40 53 Ry 25 &
L0 R R D N R R PR
T BB A BRIRFIARD (sphere) . A BR B A AR (an
finite chlinder) . BiJE [BIFE A% ( deformed cylinder
model, DCM)FIHE /R 2 K IR (the Kirchhoff
ray-mode approximation model, KRM), #AI ]
LA 5 TR K 5 ) A i B 1Y TR 3R (R £ 1A 1Y
YRR AR R R R I A R SR S
iz FHAH DG 75 RIS I R AT A . A LG T HA
BEA v, BRI R AT USSR ] 6% AR 4 b Sz ke £ 1)
H AR BERRAE, 7 AN B ) Z S, T
WA 20 90 Ji, R B AR SR
I o SR FH B — R 5 1%, T 2R RS 25 32 ) 593000
ST LTS D, PR 25 A 10 T fE
g 4 g 1 28 H bR 0 B 5 45 R ) HER 1

BT RILIROK 2B 50 . BilcA o,
BB NP S 2R AR, e U ER M 2K i (Para-
bramis pekinensis) . fif (Hypophthalmichthys mo-
litrix) \ 85 (Silurus asotus)FIH V18 (Acipenser dabr-
yanus)VE SR 52, WA 22 ) vk 21T B
D, A B SR RS 20 X ST 25 SR R A7 L3, 2%
S DL 4 Rt 5 AR S HAE Y S E00 )
HCR, WA BE 5 4540 . By A 3 K 7 ik
NS A BE AR P 0 H bR R s, B E K
VLR K .28 H bR BERCE TRt R il 75 o7
D5 AT R AVTLIR /K i ST 1 A7 W DA 95 1
FEALAT LS A S EL

1 #MEEFE

1.1 MR

1.1.1 EWFEE  LR/KEEEMIE AT =
gl A [X (=M K 1324 5 km) B R AR AR 3R 5 M AE
HEH1(30°52.1310'N, 110°58.8554'E), % /K Il /K I
60~80 m, ZKiiE 0.01 m/s, PIFHESF 24 300 m., 52

B R HIAR 4.5 mx4.5 mx15 m (KxTEx3%), M H
(2a=12 mm), HEEE A PAE AR IER(15 m),
WREAL R 1.78 m (VNF A T8 4.5 m), HM
D JE DO A AR e . AR U A
FE 10 kg (ETER, BALR A2 B, SEB0 4% B S0
i1 [ 3 P OR BT D) I 1 FR

1.1.2 XRENZERSkRIERE

i R CRIRERY 2.3~3.0 £, MR, ERE,
BRI, 83 %, PERER, FE/NMNRR .
Wi B F AR T Z, a2,

Bt AR AR R 2.7~3.6 £%, VR, Y,
MR IR, 2 =, sIERKMEK, FEHE,
AN AR, W T R A B R K A
)2 TR,

fifi: R ONIRE ) 4.3~6.1 1, (RIER, #E ]
=, D%, WS T/KIEIKZ, eI,

KILE: R MR 6.0~9.9 £5, KK, 2
WA, BE 1=, KR STrEiR.

SCHGF 2012 4F 12 H K 2013 4F 6—7 HIFE.
S 5% P S R DO S B R A T R IX KT
it HLEC [ e L RS, I S I G SR
BEF
1.1.3  ##EIREL  {#i ] BioSonics DT-X 43 %4 i X,
B2 1] 75 {Y (BioSonics  INC, USA)J FH W 46 4 i
PAE TSAE, ZAEAH S EOLE 1,

gl a4 B A 4 E PR, b AR S
XF A4 K I 2R ORI B BT AR IE R, HehE
#AIK 0.45 m, w1 E (& 1) 13.7 mm
PRuEHR R AR EAT R, HER S 2% H bRk
H—45 dB (A 2).

SCHOHT, PRBEAE /NGRS HLAR R TSR B A%
IR R B S TR HMA T 2 UL, RIEE
ALK R P IE R 2 12 h, SEEE R, BIR
WIE 18 o i TR Rea i AT S K AR AR RN, 52
5 f0 [ P A TR R N I RER AR, SRR S
WEFERT 24~72 h, R REREZ A RIEE
S MEJE, i MS-222 (Sigma) X} 525 g1 7
PRI AEEE, I H A K (mm) . (A (mm) FIHA EE (g),
RS ge fEAT X OB IR, I TRAEITTA

SCERIAIR], KA IR TR UK R E A 14.2~
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Fig. 1 Experimental set-up (A) and echogram of Acipenser dabryanus (B, C, D)
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Tab.1 The system parameters of the transducer and the value setting of Sonar-5 Pro parameters for single target detection

ZH parameter {H%E value setting
BioSonics DT-X F}2# 0] 75 {5 244 BioSonics DT-X scientific echosounder
TR source level 220.4 dB ppa
B RE receive sensitivity —53.1 dB ppa
TAESR acoustic frequency 199 kHz
ik h i pulse duration 0.1 ms
KEEH ping rate 5 ping/s
7 sound speed 1462.33-1501.90 m/s
WA #L absorption coefficient 7.16—10.56 dB/km
e Rty 241
W PR two-way beam angle -21.1°
RAEEIME data collection threshold level —130 dB
R TEE beam width 6.7°%6.7°
ARSI 2L
SED [T {H TS threshold ~70 dB
BAEHE: TVG 40logR (R} HFR1E 57K )
Fe/NEE K minimum echo length 0.80 rel. pw
BRI K JE maximum echo length 1.30 rel. pw
e K25 #M2% maximum gain comp. 3.00 dB

I KIS A 2E maximum phase dev. 0.3 deg
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Fig. 2 Target strength echogram of copper ball for calibration

26.8 C, ¥HEIH(HIEMK, K5 AZ8371)iEHE:
J&4(0.17+0.03) mg/L.

1.1.4 HELEESHHMH A Sonar-5 Pro #fF
(University of Oslo, Norway; WA 6.0.4)%] R4
FEERUREATAL B, AR (1) BRI (dt4
2 A AR AL B A% 2 (uuu #5X); (2) &
BHRIZARZE 2 FEORBRlHEE Y (near field)[H]
W AN AR SR H X (dead zone), T3 E R 2 m,
JKEBE XA 0.5 m; (3) #EATHRARAS I (single target
detection), FIXSEEIE 1; (4) FHHENIEK
S 01 E HE 45 L A0 D AR A 3% H AR 58 JE (mean
TSc). A#MEA) HbR5E B (mean TSu). HAFRPTLE
TKG (depth) 55 50d5; (5) F Sonar-5 Pro {4 i
(R EL AR TS (E 45 S o] HUH #K f (average of
the backscattering cross-sections, o), X JG115H F
¥ H #7538 & (mean target strength, TS)!,

THAEAXT:

o= 1O(Tsno) (1

— O0,+0,++0

Ty = 2
TS =10lg(c,) 3)

K, oy 0 HARYIUART RS I 04 5 1) 5 % I i
B, BICh TS WZME(E, 5 HARY& It KR -F-J7
FHICG, N o BARE 5 1R

Bl Ge i o M A B A IBM SPSS
Statistics 22 (IBM, USA)#Il OriginPro 2016 (Ori-

ginLab, USA),

1.2 &A%

1.2.1 E/REXIEMER FLRE SRR
WA AR TEAT: 55 518 ) B A~ 8500 75 B S (] an e
AT A il T b ) R E SR S50k H T JEBR Y
DI 1y AL 1T 1) TG BR T T A ) o 0 T
0 1) 7RI A 0 S Rt RO, AR T
557K o BHBT AR I i AT T, TR A
XFF KA BT 75 BT, B Ao S50 75 B 1) BT
Bk R, I 90%*0, JEIR B I AR ALV
& o (R R o B R B AE BE B A BV B, AR
T — 53 U) R 2 BUZ— 250 06 R AR AN B U4
(N R N TE (RNt 15 o) D D0
B FE AR S B U [ ) AL AR, BT
PiE H bRk B R AT &, A5 fa 2k H bR o
o AR EESH HR[35-36].

1.2.2  HIERE  SLEfa B S HORICT 2k
X AR o AR L E X YEHL(Dongfang 500 mA,
TR ) XoF S B (AN ) R R 43 AR X DR
B MR R R A BT 2, 7E Photoshop
CS5 A (Adobe, USA)H XA sL 5 fa X ok
SARMATEE Y , JRE R S AR (fn B
O EARBR(E 3), fCA Matlab R2016a #{4:
(MathWorks, USA)4 B #E17 TS {E 115, /P 0s
VR T SCHR[4 1] AT 10k 051 A 35 455 068 A K v
—-50°~50°, RWFFRZEHE N TS {HH A
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Fig. 3 The coordinates of slices of fish body and swimbladder in lateral (x, z) and dorsal (X, y) aspect by using the X-ray images
a. X-ray image of Silurus asotus. b. Anatomy image of Silurus asotus.
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2 ERESW

2.1 4 Théa EYIFISE

HRAE 4 P fa (i | 5 &5 AT EH YA
YR, ZEE AN, HEEWSHKE)ER
HRECER, FFE W=axL’ (M, HPLE R
(F 4)o BTS20 41 G L 550 AR, T RE A i)
2 P SRITEAENMEA 225, B 186 RBEFA:fil
(R K R BEHVE J % B AL 0047 A W 24 e 1 LU 4,
LU AR AR R A — A G R e ST i B

[FEE SN I PPk

S ZH (FRAH) il W=0.0163L>%7, R?=0.9941

X BRZH (BF A= ) falh: w=0.0126L>***, R*=0.9834
[, WK (), LA BIERIEK, a b HSHL, R
WORUNERSEEN U EP Sy 8

WAL, SEH2H (S5 ) il 50 REZH (7 A= ) il g IE
WA AR S H R

K=w/L’ 4)

Krp, KM R (%), L K (em); W ik
H(g)o

S AH BRI E N 0.61%~1.05%, X IR

K 0.62%~1.70% K FIMSTREAS T A6 50 % 4 241 il
NE 36 B BEA T GE 1T o0 AT, 45 AR T Ik 22
S(df=194, P>0.05), T/ KT E A1)~
B, oA R S 21 YT (57 ) 5 B A AR A
X HATHT

* KIL#7 Acipenser dabryanus W=0.0022L33%7; R?=0.992
5000 e -- -fi§ Parabramis pekinensis W=0.0012L33132; R2=0.999
» — 5% Hypophthalmichthys molitrix W=0.0276 L*¥; R*0.993
A - #5(32B04) Silurus asotus (experimental grgpp) /o
4000 - W=0.0163L2557%; R=0.994 /
o #if(%H84H) S. asotus (control group) ;
%D W=0.0126L2%%; R*=0.983 o/
'S 3000 - /0
2 .
ﬁ
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Fig. 4 Relationship between the length and
the body weight of 4 fish species

2.2 MHEEFENELREFY TS B5EHME
EIrMX R

KGR HE XS 4 FAS R A Y0 2F R AiE 25
TS ESATIRAE, LY MY F S S b 45
R 2,

R IitbrE 6 8, MR 19.2~39.5 cm, &
I 65~1512 g; HAREEE(TS, dB)S5{&K (BL,
cm) [ FRIE T FE K TS=201gBL—70.1 (R*=0.94).
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F2 BEFKBL, cm)/£K(TL, cm)5 BAREE TS KEIVISE
Tab. 2 Regression analyses of mean target strength and fish body length (BL, cm)/total length (TL, cm)

o Fi PR Ll /em =28 TS,=mlgBL+b,  TS,=201gBL+b,  TS;=mlgTL+b; TS,=20lgTL+b,

species body length range number m b, SE b, SE s bs SE by SE
fify Parabramis pekinensis 16.2-39.5 6 26.4 =79.1 42 -70.1 1.3 260 —80.1 44 -714 1.2
fit Hypophthalmichthys molitrix 17.1-51.3 8 19.6 —66.5 59 —67.0 1.4 19.7 —-67.8 59 -683 13
fifi Silurus asotus 26.7-82.3 10 20.0 =744 54 745 1.3 202 =755 58 -75.1 1.4
KA1 Acipenser dabryanus 28.0-63.2 7 27.8 —78.8 45 —66.1 1.2 283 —82.3 57 —68.0 1.3

VE: SE K ARifER.
Note: SE denotes the standard error.

BEIL AR E 8 8, MK 17.1~51.3 cm, &
HE Ml 78~2223g; HARUE (TS, dB) 5K K (BL,
cm) W FRIE T FE K TS=201gBL—67.0 (R*=0.80).

i ditbRE 10 B, KEH 26.7~82.3 cm,
TR VE 59~4716g; HFRHEE (TS, dB) 54K (BL,
cm) AR T FE Sl TS=201gBL—74.5 (R*=0.80),

KAITEF LR E 7 R, K 28.0~63.2 cm,
REJER 127~2150 g; HFR#REE(TS, dB)SAEK
(BL, cm) bR )T 2K TS=201gBL—66.1 (R*=0.94).,

fify Parabramis pekinensis

0 -
= f=38xwHz . TS,
& 101 BL=212¢em TS,
& —20 | TS-mean=-36.61 dB — TS
w 't
?.o 30} TS-mex =—32.76 dB
é —40 T e
= 50 b= el e T
i
“',,_;E —60 ; .
g WA ARV Y FaVA
o _70 _\\I ,', \4:"\ ,'I y \\ ;" \‘\ / ¥ d
~80 y L Nt L ) ) L ) YA )
-50 —40 -30 20 -10 0 10 20 30 40 50
184+ /(°) tilt angle
0r fiY; Silurus asotus
B 10 f=38kHz .. TS,
E BL =26.7 cm —- TS,
@ 20 I TS-mean =—39.09 dB — TS,
gﬁ —30  TS-mex =-35.04 dB
8 _
g
g
5 \
l']({._ [
m i
1]

_8950 —-40 -30 20 -10 0 10 20 30 40 50

B/ tilt angle

23 HEEGEMELR

PEHOA R R KBRS (R 3 2. 5 2 2. fil 1
BRKITE 18, SRAMLRE TR 1T H
FRom EE B R T 0a . e aaly | i % i Ay D
il I 5 3k A S £, 1T IR A TR A R FE A B
) X ERAR, RFEATMIFEE A E, HAR L
T M AR 45 i SC K fa 7 38 kHz #efiE
AR TS {H BE S I A 122 A& 5). 200 kHz
AR T AR S AR SIS TS (E I 45 R 0

0 5% Hypophthalmichthys molitrix
= N f =38kHz L. TS,
% 101 BL=279¢cm TS,
% —20 | TS-mean =—39.09 dB — TS
% _30 | TS-mex=-35.04dB '
80
8
3
il
b
e H
s i
~80 . . . . . . . . LN
-50 —-40 -30 20 -10 O 10 20 30 40 50
fEALAA/(°) tilt angle
0- KAT4] Acipenser dabryanus
S ol /K TS,
8 BL =20.2 cm —= TS,
% —20 [ TS-mean=-37.56 dB — TS,
& —30 [ TS-mex =-32.83 dB
S
=
3
il
bt
i
m ‘\/ ARV v \J

_8950 -40 -30 -20 -10 0 10 20 30 40 50

fBALAA/(°) tilt angle

K5 4 BASFEEE Z5F 0 25 7 38 kHz B3 T B Ao B (TS) A KE75 3 fA AR 1k &
TS h iR HARSRE, TS, A il H AR, TS, Sy i fk HARSREE, BL b ffA R, £ HRg s,
Fig. 5 Target strength (TS) patterns of four fish species under echosounder with 38 kHz
TS means TS of the whole fish; TS; means TS of the swimbladder; TS, means TS of the fish body;
BL means body length; f means the frequency of echosounder.
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&30 Horp, WP R R A Bl R, DR o
W TS (HB BN FRIRE & M EE R, e
K 86.2 cm W, MAFFEHIEIER TS EH
—29.09 dB, B /N TR E 1-25.72 dB; 4%

KHh 245 ecm Bw, MFFEGIENER TS HH
—43.81 dB, B /NFALIIEIE 9-36.61 dB. Ff
DR 6 4 i) s 5 A 30 0 5 P SIZ 6 £ TS (B A 7 i X
FEAR TRESS, 25 R B2 R A BEP>0.05, £4),

®3 OHTXARBRHOXBEFHBEFEEE
Tab.3 The mean target strength (TS) of fishes in X-ray images

fFh species 4K /em K /em 1A /g WA P -2 TS (E/dB AP TS {4/dB
o total length, TL body length, BL body weight, /' mean TS in cage method  mean TS in model method
fif; Silurus asotus 86.2 82.3 4716 —-29.09 —25.72
54.5 50.5 1238 —33.71 —-33.19
28 26.7 159 —40.67 —40.30
% 31.8 27.9 326 -39.14 —40.30
Hypophthalmichthys molitrix 19.6 17.1 78 —43.46 —42.45
fify Parabramis pekinensis 24.5 21.2 153 —43.81 —36.61
R4 TNESHEERNER TRIEER
Tab. 4 Paired T test results of measurement TS values and calculated results by model
SRSy EAl NN
| FWESRBEEE FAL I 95% 5 X 1] FHE e HIERE
difference between the result of the 95% confidence interval for the difference B i
cage method and model method ’ ! degree of correlation
— freedom coefficient, R*
SF-¥I{H mean standard  ARUEF deviation TR lower limits FBR upper limits
—-1.89 2.99 -5.02 1.25 —-1.55 5 0.18 0.89

VEPUAR K B2 1Y) 4 st g fa, 226734 TS (A
B P I A ST AR B AR AR A A L, DOULEEAS [R] B =5
B 5450 25 500 TS AERSEma (18] 5). R
i, TS HE R 2 U Wi RerE, 58 g wi it
LI TS {5 Rl 75 A G A BE AR AL, R PR AR
%R 38 kHz, 77U AGT AR HURAS T 19-50~
50°7E [l . & 5 TS, TS, Fl TS, 23 45 40 fr i
i A R fr A | o S TN R I A AR R AR TR £k
A, TS5 TS, &ML LIRS, EHET
28 2 £ B A R R AR, TR Ao A R 2 (] A
R ST . KU BRI 0 H bR
e KB X I A 28 25 M Ay 2 A7 T -10°~0°, H4E
HTE—8Ze A7, B . MY TS (A KA XS I B 275
£ 43 B T —To =522 4, i i TS {E e KM
X B4 A T—200~—10°, SR T—13°4 4,

3 g
30 WA E S B RE R 5 R

A
ASBIFTEAE F AR K AR T A 4 il i 3o B A

TR 4 BRI TS ESE T I E, ke
HHEsh, #0T HARIREE . JEREE R U Y
AE S AR 7 Hi B £ 1 E Aro BEARRAE, HOARZ 5050
st Ak BRI, Mok Az 2] L SRk
T, R AR P DO A 47 o] 12 R0 B R R G AR
R o £ 2% H ARG B P F T > . AR 45 R
r, AR 9 I E R AR R B R ) TS A
B R TR B A g R, PR A Y JE R AT R
JETE PIFE R S0 AT, He Bl A ik ol
B KRR, AR 58 4 b F 75 I3 o P T
BB/ TS fHo LA, AT T, EEAT I m)
X JCHARERT, R e A A, LR R AR G A2 B
R 3 R R A SR AR, SO AR R R e A A
KR TS fHo Bk L, JEIRE I B T i 25
55 A S 25 B R G W PR 2 S, RIAW RN O ik
FEE AT A T RIIR K IS B AR PR
3.2 fiEmiEsT BiRRE RSN

SR e A (WS al € u  N U REER NP
21 FRE RS AR SR e A ) U RRAE Y
BT R, B E RS AR S, L
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W NIER A SRR, J5 3 EE AR
T A U A A T S, R 2 R
B E, 90%~95% 1 I 5 75 gk A #E Y 5T
BRI AT 4 Fh a2 TS (M STISE R, H
BAH R 2B X N TS AER/NIF R KT
B> B> > (R 2), AR RN, MK
M HREE R 0 R S EE R 2, AR M TS
{EIA/NF P E 2 10 2602 5ACHESE oo A K 4%
PR il (PRS- TS R/ T (P 5 =) A —
o R, Si— Ty, [ROh R K VLET TS A
PR T W EEE Ry, HR AT A2 KT R K
SRR B BT B AR X —RER M i, RS
HZW A RER . HLE, A B 0K VLA A
g TS EAH2E K, HEPES AN .

H A o BE I a2 i L Rk 25 B (& S)yrhmT
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Target strength of four freshwater fish species in the Yangtze River
based on cage and model method

XIE Xiao"?, ZHANG Hui" %, SUN Liyuan"?, CAI Zhiyu"*, WANG Heng'-?, HUO Laijiang' >, WEI Qiwei'"*

1. Key Laboratory of Freshwater Biodiversity Conservation, Ministry of Agriculture and Rural Affairs; Yangtze River
Fisheries Research Institute, Chinese Academy of Fishery Sciences, Wuhan 430223, China;
2. College of Fisheries, Huazhong Agricultural University, Wuhan 430070, China

Abstract: Target strength (TS) is a pivotal parameter for converting echo integral values into absolute fish abun-
dance. It is also a hot research topic in the research and application of fishery acoustic technology. However, the
TS-length relationships have been studied in very few freshwater species. Most studies focused on commercially
important species, while TS in fish of different physiological structures is investigated less frequently. In this study,
cage method and KRM (the Kirchhoff ray-mode approximation model) method were used to measure TS of 4 fish
species (Parabramis pekinensis, Hypophthalmichthys molitrix, Silurus asotus, and Acipenser dabryanus) which
represent different morphological and ecotypic characteristics. Thirty-one individuals were measured by a cali-
brated 199-kHz BioSonics DT-X split beam echosounder in the vertical direction in a net cage, using the Visual
Acquisition software. The ex situ cage method experiment was conducted in the Chinese sturgeon farm base which
is located in the Three Gorges Reservoir, in December 2012 and from June to July in 2013. During the cage ex-
periment, one fish was measured each time. Then, the body length and weight of each species were measured after
the fish were euthanized in Tricaine-S (MS-222). The acoustic data were processed by Sonar-5 Pro software. Two
X-ray images were taken from the dorsal and side of fish to understand the internal physiology and the shape of
the swim bladder of the fish. The TS of six individuals was calculated using KRM model, and the results were
verified by cage method. The results showed that it was feasible to determine TS of freshwater fishes using the
cage method, and the results of this method were not significantly different from the model method. The linear
regression equations for mean TS with fish BL were derived in dorsal aspect were: TS,,=201g(BL)-70.1 (R*=0.94),
TSpm=201g(BL)-67.0 (R*=0.80), TS,,=201g(BL)-74.5 (R*=0.80), and TS,=201g(BL)—66.1(R*=0.94), respectively,
where BL is fish body length, pp is P. pekinensis, hm is H. molitrix, sa is S. asotus, and ad is A. dabryanus. The
linear regression equations for mean TS with fish TL in dorsal aspect were: TS,,=20lg(TL)-71.4 (R*=0.94),
TSum=201g(TL)-68.3 (R*=0.80), TS,,=201g(TL)-75.1 (R*=0.80), and TS,=201g(TL)-68.0 (R*=0.94), respectively,
where TL is total fish length. Under the same body length conditions, the TS of the four fish species was compared:
A. dabryanus > H. molitrix > P. pekinensis > S. asotus. The results of KRM model support that swim bladder is the
primary contributor to backscattered energy. The values of TS and their distribution calculated by the cage method
and model method were affected by the morphological characteristics and the swim bladder structure of fish spe-
cies. Maximum TS of P. pekinensis, S. asotus, and A. dabryanus occured between —10° and 0° at 38 kHz, while the
maximum TS of H. molitrix appeared between —20° and —10°. The position of maximum TS occurred differently
for each fish species. At the low frequency of 38 kHz, the model method results showed that there was significant
difference in the distribution of TS with the angle of incidence of sound waves between fish with a one-chambered
swim bladder and those with a multi-chambered swim bladder. Compared to immobilized and unconscious fish,
the fish in the net cage can swim freely. However, the narrow beam lowers the probability of the fish being de-
tected, which increases the time of the experiment. In the future, it is necessary to appropriately reduce the size of
the cage to optimize the implementation conditions. Our study enriches the TS of freshwater fishes and accumu-
lates basic data for acoustic identification.

Key words: target strength; resource assessment; Yangtze River; freshwater fish; cage method; the Kirchhoff
ray-mode approximation model; fishery acoustics
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