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Fig. 1 The diagram of experiment tank and acoustic
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Fig. 2 Rotation angle and fish body positions

—90° means the fish side aspect is vertical with the incident
wave, and 0° means the fish head is toward the transducer face.
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Fig. 3 X-ray images of four fishes
The upper part of each figure shows the side aspect of fish, and
the lower part of each figure shows the dorsal aspect of fish. a.
The image of Pelteobagrus vachelli. b. The image of Siniperca
chuatsi. c. The image of Carassius auratus. d. The image of
Ctenopharyngodon idellus. The standard length of four fishes
are 16.5 cm, 31 cm, 18.3 cm and 39.5 cm, respectively.

*x1 IRBEEPYESH
Tab.1 Biological parameters of the fishes for target strength measurement

2 species
ZH parameter TLIG ¥ i Wit Siniperca Wt Carassius — ¥fii Ctenopharyngodon
Pelteobagrus vachelli chuatsi auratus idellus
JE%( number 7 9 6 7
¥4 K /em TL 20.6 30.8 25.7 35.5
SR /em SL 17.6 272 21.4 30.1
Tk E/g W 105.0 473.6 337.0 648.5
SE A B fem H 3.9 9.8 8.4 6.8
SR G /em WD 3.5 5.8 4.8 4.8
H[Z anterior chamber 2.7 7.2 3.2 3.6
i /em SWL
J& & posterior chamber - - 4.9 7.9
. A% anterior chamber 1.5 2.1 2.2 2.0
%% /cm SWH
J5i & posterior chamber - - 2.4 1.5
. Hii % anterior chamber 2.5 3.7 2.8 2.3
#2555 /cm SWW
J& % posterior chamber - - 2.6 1.7
K /MkE SL/H 4.56 2.76 2.49 4.68
WK /MRFE SL/WD 4.99 4.81 4.40 5.90
W IASE H/WD 1.11 1.74 1.77 1.27
K/ SWL/SWH 1.91 3.70 3.32 5.68
/58 SWL/ISWW 1.01 2.04 2.96 4.89
2 /4 ST SWH/SWW 0.54 0.55 0.90 0.86
B /R K SWL/SL 0.15 0.27 0.38 2.96

Note: TL means total length; SL means standard length; W means body weight; H means body height; WD means body width; SWL means
swimbladder length; SWH means swimbladder height; SWW means swimbladder width.
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Fig. 4 The mean target strength (TS) with 5° interval on the side and dorsal aspects of Pelteobagrus vachelli

a. The mean TS on the 360° with the 5° interval on the side aspect; b. The mean TS on the dorsal-ventral aspect. The scatters is the
measured TS; The line is the linear regression curve of the TS with the incident angle. The linear regression parameters are shown in Tab. 2.

®2 AMBEREENESFREANFAERERY
Tab.2 Regression analyses of mean target strength (TS) in dB of 4 fishes according to equation

F species 2l number PR side-aspect HE ) dorsal-aspect
m n R? m n R?
ILIRH B Pelteobagrus vachelli 7 —4.4 —44.9 0.60 -5.8 —44.2 0.76
W4t Siniperca chuatsi 9 =7.0 -39.3 0.68 —6.6 —40.2 0.63
Wit Carassius auratus 6 -8.3 —38.2 0.76 —6.2 —40.1 0.62
HiAli Ctenopharyngodon idellus 7 -7.3 -42.1 0.43 =53 -394 0.50

W T ENE TR TS=mceos® 2a+n , FHerf a g A5 I 5 ik 3= 4h s 4.

Note: TS = mcos’ 2a +n , a represents the angle between incident sound wave and fish body.
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i SPSS 22.0 X REAAYIFIENRE 3 R KK/ S, AR 0.73,
20 TS HEemE . SkEm . 07 )L EMS  0.70, 0.48. 51X M m) Il 2 45 5 43 B 247 A= 2
AT F B oA, TR TR PR SR TS H{E BN R T, AT 2R TS
IR R B BRAYIFIRhRANE A RIS, NSO IR | 8K 8K/, HXRES
XA W) AEAR ST U R, JERIEAMT LS TS 5124 0.90, 0.82, 0.41; kL[] TS ¥l FHAZEK: |
PHERMA S BARGE R 3 Uron. nlgnfRml (K SRK/BESERe e, AHOC R B0 0.74, 0.56
TGS T, #maiim TS HEMFEEZSH 2 0.53; 27w b TS ¥H FEZEK | R K MR
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Tab. 3 The correlative coefficients of the fish parameters and mean target strength (TS) under different orientations

Hfil ] side-aspect

i1 dorsal-aspect

Z¥0 parameter

fl) lateral — SkJE[A] head-tail 42 J7[W whole i1 lateral 3kJE[f] head-tail 4>7J7[1 whole
K SL 0.65 0.28 0.70 0.90 0.56 0.77
K SWL 0.68 0.30 0.73 0.82 0.74 0.82
/MR SL/H 0.01 0.04 -0.03 -0.32 0.03 -0.20
K MRTE SL/WD 0.08 0.18 0.06 -0.28 0.27 -0.10
e MRS H/WD 0.05 0.05 0.07 0.14 0.09 0.09
B /B S SWL/SWH 0.45 0.38 0.48 0.41 0.52 0.55
HEK /M58 SWL/SWW 0.43 0.31 0.47 0.25 0.53 0.45
/5 G SWH/SWW 0.25 0.13 0.28 0.03 0.40 0.24
#EK /A K SWL/SL 0.41 0.26 0.46 0.33 0.52 0.52

Note: TL means total length; SL means standard length; W means body weight; H means body height; WD means body width; SWL means
swimbladder length; SWH means swimbladder height; SWW means swimbladder width.
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Abstract: Measuring fish target strength (TS) is the foundation of fisheries acoustic research and its applications.
TS measurements focused on fish in the Yangtze River are lacking or do not meet the needs for a fisheries resource
assessment. Variations in TS of four freshwater cultured fish species with different swim bladder structures were
measured with a BioSonics DT-X (199 kHz) split beam echosounder in the horizontal direction. The four fish were
Vachell’s bagrid fish (Pelteobagrus vachelli), Mandarin fish (Siniperca chuatsi), crucian carp (Carassius auratus),
and grass carp (Ctenopharyngodon idellus). An ex situ experiment was carried out in a small T-shaped tank during
June and October 2015. The tank was constructed of eight fiberglass-reinforced plastic boards. Polyurethane
foaming plastic cotton was pasted on the internal face of the tank to absorb any sounds reverberating from multiple
echoes. Twenty-nine individuals were anaesthetized and tethered on a horizontal rotation support, in turn, and TS
was measured at different horizontal angles. The angles were changed from —90° to 90° at an interval of 5°. Indi-
vidual TS was measured for 300 pings at each angle. The results showed that mean TS of fish was affected by the
aspect angle. Maximum TS occurred in the lateral direction, and minimum TS occurred in the head-tail direction.
The difference between the maximum and minimum TS was about 10 dB. A cos functional relationship was ob-
served between the measured TS and the sound wave incident angle, as well as from the fish dorsal-ventral direc-
tion. Fish TS values were smaller in the dorsal aspect than those in the side aspect. These differences may have
been affected by the shape of the swim bladder and its position in the body. Two X-ray images were taken from the
side and dorsal aspects of each fish to understand the inner structure of the fish and the swim bladder. TS of fish
with a one-chambered swim bladder was smaller than that fish with a multi-chambered swim bladder, even though
standard length (SL) of the one-chambered fish was longer. Relationships between TS-length (TS-total length,
TS-standard length), and TS-weight (TS-fish weight) were derived in three orientations: lateral (from —90° to —80°
and from 80° to 90°), oblique (from —75° to —20° and from 20° to 75°), and in all of directions. Linear regression
equations were prepared for the side and dorsal aspects of the four fish species. The side aspect linear regression
equations for mean TS with fish SL in the lateral position were: TS ,=19.51g(SL)—63.4(R*=0.84), TS .=
46.71g(SL)-98.4(R>=0.66), TS_..=19.71g(SL)-56.6(R*=0.70), and TS_,~=26.21g(SL)-69.9(R*=0.89), respectively,
where SL is fish standard length, vbf is a fish with a one-chambered swim bladder (Vachell’s bagrid fish), mf is
mandarin fish, cc is crucian carp, and gc is grass carp.). The dorsal aspect linear regression equations for mean TS
with fish SL in the lateral position were: TS ,,=28.71g(SL)-75.7(R*=0.83), TS .=37.91g(SL)-88.1(R*=0.88),
TS_o=19.11g(SL)-59.9(R*=0.65), and TS_,=20.91g(SL)-63.4(R*=0.99), respectively. In this ex situ experiment,
the fish’s body was tethered tightly on a rotational support, so fish behavior was limited. The beam was narrow in
the short distance. Although the beam covered the entire body, mean TS was affected by the swim bladder position
in the body. Hence, some differences between the ex situ and in situ measurements were observed. In the future,
the mean TS of these fish species should be measured in situ or in a net cage, so researchers can compare the re-
sults with this study to improve the accuracy of converting length and assessing resources from the TS measure-
ments. This study will help guide fish behavior research and fisheries resource assessments in the Yangtze River.

Key words:. target strength; horizontal direction; sound; incident angle; swim bladder structure; linear regression;
freshwater cultured fish species
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