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Fig. 1 Acoustic and net survey sampling map of the Yangtze River Dolphin Provincial Nature Reserve in Zhenjiang



134 O

i

TOKFEAIRZE A BT RATT IR G E AR R X SR BRI 25 R 123

X, DAMILE SR, THLIEE, 547 Nkm;
ARKIRTHA, BA7 km’
1.3 WAEFE

WX B A AT R N4 H 13—15H M9 A3—5H, &
Z(4 ) AAKZE(9 H ) S 3-AT LR BE, JUCR R T
3K . KR AAAS BANE 1AL 2R, PIKEE K
W BB B AR, BRI 100 mAa A, {EH
% B o R 28 Y AT TR 20 R A, 2 H )RR
K WK 125 m, BEL.S m, MH RS A1.2. 2.0
4.0, 6.0. 8.0, 10.0f114.0 cm; HRZE M FNHE Jy: ¥
K25m. MFE40cm. ME40cem. M H R ~N1.6 cm.
REASKAE BB 256 2 BRI R 3 260 JE I, R
BE24hJE N o KA I 2RI 3 4 SN B D s £
FKeK, HEEHFHE mm). EEGEFD0.1 g%
5, XTI A DL e 1 a2, PRAT T [R] S =
S (P ER KRR RR) A (IR AIEE)
AT %

HR A5 [ P 202538 ORI FURRR, RSO 2R TS s

#1 EYORFREMUNEERARSHZE

Tab. 1 Main technical parameters setting for scientific echosounder
EY60

ZH{iiParameter value
4 H April 9 H September

BARZH
Technical parameter
i BE A} A% Transducer
frequency (kHz)

KT Th# Transmitted
power (W)

JikHRp 22 [E] Pulse length
(ms)

e fit 333 25 Transducer gain
(dB)

4 R AR B Data
acquisition depth (m)

X ) % B A Two-way beam

200 333 200 333

150 50 150 50

1.024 1.024 1.024 1.024

27 24 27 24

80 80 80 80

-20.7 =207 207 -20.7

angle (dB)

K53 dBIE IR fiMajor-axis 7 7 7 .
3 dB beam angle (°)

K53 dB%ﬁ_@% Minor-axis 7 7 7 7
3 dB beam width (°)

7% Sound speed (m/s) 1494.25 1494.25 1506.07 1506.07
?éiﬁfzfifﬁﬁzsg/fg‘m 0.0078 0.0216 0.0069 0.0190
F2 WMARESMER
Tab.2 Net survey point information

A b b /K Depth (m)
Position Coordinate 4 April 9} September
1 32°016'27.92"N 119°27'4537"E 5.8 6.6
2 32°16'18.65"N 119°29'23.34"E 6.9 7.7
3 32°15'32.63"N 119°31'06.82"E 4.3 5.1
4 32°14'06.76"N 119°3328.10"E 2.0 2.5
5 32°14'19.13"N 119°35'34.14"E 5.9 73
6  32°13'06.56"N 119°37'31.92"E  13.2 14.5

4K (Total length, TL)8 /4K (Body length, BL)) ¢
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Tab. 3 Calculation formula of target intensity for different fish

. Calculation formula of target
Species strength

8 Cyprinus carpio TS=29.84><1gTL795.23[23]

i Hypophthalmichthys

_ B 23]
nobilis TS=35.88x1gTL-90.33

24]

fifi Parabramis pekinensis TS=20.0x1gBL-70. 1!

fit Hypophthalmichthys
molitrix

24]

TS=20.0x1gBL~67.0!

24]

TS=20.0x1gTL-74.5"
FA%2 Physocilists TS=20.0x1gTL—67.4"
HAth Others TS=19.1x1gTL—63.9""

i RATSH HARSREE; TLY A4 K BLY AR
fhafFEEIEE . S E. fa . 8EE. 8EH. 58
H. wiRg1H . 92 H

Note: TS is the target strength; TL is the fish total length; BL
is fish body length; others include Clupeiformes, Cypriniformes,
Gasterosteiformes, Cyprinodontiformes, Mugiliformes, Gadiformes,
Beryciformes and Perciforme

il Silurus asotus
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Tab. 4 Parameter setting of the single target detection

BARZSH SHa
Technical parameter Parameter value
TSHI{H TS threshold (dB) ~65.00
Jok i FE Wl 52 B Pulse length determination level
(dB) 6.00
e/ N AE ik E Minimun normalized pulse 0.20
length :
I RARAE Bk 4 FE Maximun normalized pulse
1.50
length
AR AMEA T Beam compensation model Simrad LOBE

BRI R A#MEMaximun beam compensation (dB) 4.00
i b A 1 B K bR A A ZE Maximum standard

deviation of minor-axis angles (°)

KBl A 1) B RAR T i 22 Maximum standard

deviation of major-axis angles (°)

0.60

0.60
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JCH IR 22 A7 43 {E (Area backscattering coefficient,
ABC, m’/m®), H4E 2 20 (2)F0(3) I A -5 ) 1 2 i
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A, fE 15 0 255 5 BB, DRI e vk %o M 7= v ) £
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21.83%, (IR FHEFE H o ZE5IE LLEL, 4 H 284 Fd
. BEAFELIENTIH . AN, SRITIXK
A 2 SRR R T L4 M 36.15%
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Fig. 2 The echograms of fish with 200 kHz in Reserve in April and September
ARUE 17 A LT 0 S 1 P BAVE 5022 B AT S 8194 1, IG5 H A AL BT A0 4k L 4K U TS B0 94 1 DA
HOWPZE AR K B f) Bk B AR AU TS 11138 18 JH v [5t] F 445-5 27s Jy  JEZ 38 B B 14 £ 254555 NN Ak . 8 2 7R bad date, S

BEAT TS

A and E are the echogram of Sv before frequency difference technique processing; B and F are the echogram of Sv after frequency

difference technique processing; C and G are the echogram of Ts during single target detection before frequency difference technique processing;

D and H are the echogram of Ts during single target detection after frequency difference technique processing; the circle symbol represents

the fish signal tracked by the fish track; the irregular pink circles indicate bad dates and are not calculated

x5 MERARLEIENRIFRELXEZSY
Tab. 5 Acoustic parameters of fish in reserve before and after
frequency difference technique

i} ] EFA Svis{E TSHIME
Time Frequency difference Mean value of Mean value of
technique Sv (dB) TS (dB)
. Ab PR T —72.51£2.90  —58.41+3.78
4 H April
SOSE —84.51+4.69%  —57.26+4.26
9H AL H R —69.74£3.60  —55.92+3.93
September StV 78.5443.15%  —55.57+4.03

Vi R AR LA (7] B A B35 2 7(0.001<P<0.05)
Note: Sign* in the table represents significant difference
between the two groups (0.001<P<0.05)

S 38N J5 9D AR B ORI X S TSIME
(-57.33+5.69) dB, HAATSE Z /3 A f£-65.0——38.5 dB,
HATSTE-62.5——50.5 dBI s HE iR %2, HEb
1573.80%, Xt B 1 R K 41 °45.97—10.63 cm, KB
PRI XK SN R R AL 3

X #ZRTS I3 B A AT S i (K 4), 1
RTSES EEHMAES—S50m, 10, 20, 30. 40.
50 F160 m7K JZ 4k I TSIIME 43 4 N-59.5. —57.3
553, —51.0. —46.781-46.1 dB, [ IR E N,
RTSHMEIZWAL R, R ORP X 2R AR /N 5
FERIEHXRR. R XN ARAERE W
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Tab. 6 Fish composition and acoustical assessment in Reserve

e =R RIMH R EME HARIRETS
7KK IT Quantity Body length (cm) Quality (g) Target strength (dB)

Taxonomic category 4 Apr. 9HSep. 4HApr. 9HSep. 4HApr. 9HSep. 4HApr. 95 Sep.

I #fJ% H Clupeiformes

i f2FlEngraulidae

1 JJ#% Coilia nasus Temminck et Schlegel 73 22.63 37.2 -37.34
2 JH A Coilia brachygnathus Kreyenberg et Pappenheim 35 57 1923 19.17 277 276 —38.62 -38.74
Il ##J% H Cypriniformes

ii i g faF}Catostomidae

3 MG fa Myxocyprinus asiaticus (Bleeker) 1 11.69 41.8 —47.63
iii #F}Cyprinidae

4 B ff Ctenopharyngodon idella (Valenciennes) 3 34.71 857.9 -33.17
5 ¥ f.Mylopharyngodon piceus (Richardson) 1 7.47 6.3 —55.55
6 FRHRESqualiobarbus curriculus (Richardson) 5 13.93 424 —46.03

7 FWES Culter alburnus Basilewsky 1 18.45 62.2 —41.47
8 % i fifl Culter mongolicus (Basilewsky) 1 35.95 583.6 -31.79
9 ZLE JF | Cultrichthys erythropterus (Basilewsky) 4 8.63 8.8 -53.85
10 N1 K% Hemiculter bleekeri Warpachowski 14 5 8.85 9.44 9.3 10.3 -52.79  -52.60
11 [13kWiMegalobrama amblycephala Yih 2 26.92 435.2 —41.50
12 fiMegalobrama skolkovii Dybowsky 3 9.75 21.1 -50.32
13 fifParabramis pekinensis (Basilewsky) 17 45 21.31 24.83 202.5 281.8 —43.53 —42.20
14 fL il Pseudobrama simoni (Bleeker) 39 21 12.73 11.71 39.0 28.3 —4745  —48.97
15 #Rfil Xenocypris argentea Giinther 23 16.55 119.7 —43.20

16 i Hypophthalmichthys nobilis (Richardson) 6 32.81 1298.6 -33.46
17 % Hypophthalmichthys molitrix (Valenciennes) 1 54.65 3478.0 -32.25
18 ¥eft fa Abbottina rivularis (Basilewsky) 1 4.83 1.4 —62.79

19 {E4% Hemibarbus maculatus Bleeker 2 3 18.63  22.66 116.3  187.7 -4230  -38.82
20 Zf4 1 Pseudorasbora parva (Temminck et Schlegel) 1 6.10 3.6 -59.19
21 HEEHRSarcocheilichthys nigripinnis (Giinther) 3 7.74 80.3 -55.94
22 fE#iSarcocheilichthys sinensis Bleeker 1 12.44 46.0 —48.10

23 g hf Saurogobio dabryi Bleeker 9 59 14.38 8.95 29.0 12.1 -46.46  -53.62
24 KW df] Saurogobio dumerili Bleeker 1 10 18.70  20.80 47.5 76.8 -42.59  —40.89
25 YeJE e # Saurogobio gymnocheilus Lo, Yao et Chen 2 7.87 3.8 -56.10
26 #41) Squalidus argentatus (Sauvage et Dabry) 14 21 6.46 6.78 3.8 5.1 -59.82 -57.50
27 M Y\fAcheilognathus chankaensis (Dybowsky) 2 5.28 4.0 -55.64
28 Bt %k Aifidcheilognathus taenianalis Giinther 5 7.12 10.5 —57.45

29 il Carassius auratus auratus (Linnaeus) 5 2 13.26 6.41 68.6 37.9 -58.83  —68.17
30 i Cyprinus carpio Linnaeus 2 37.43 1010.3 —46.66
iv Bt} Cobitidae*

31 2 {E ik Leptobotia taeniaps (Sauvage) 1 7.45 52

32 ik B BV Parabotia banarescui (Nalbant) 1 9.37 54

33 1LBL RV ik Parabotia fasciata Dabry Guichenot 1 6.00 1.2

34 ek Misgurnus anguillicaudatus (Cantor) 1 2 1523  12.56 27.4 12.6

111 #f; 7% H Siluriformes

vi 8%} Bagridae

35 KWyt Leiocassis longirostris Giinther 5 10.64 443 -53.96
36 T i Pelteobagrus fulvidraco (Richardson) 1 4 19.42 11.26 1283 333 -39.29 5347
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e ﬁl%()ﬁ:%) R I5ME BRI E HFraRETS
RPTTL Quantity Body length (cm) Quality (g) Target strength (dB)
Taxonomic category 4HApr. 9HSep. 4HApr. 9HSep. 4HApr. 9HSep. 4HApr. 9HSep.
37 NeF I Fi A Pelteobaggrus nitidus (Sauvage et Dabry) 9 129 14.63 8.43 46.4 9.2 -51.19 5598
38 LK 8 Fith Pelteobagrus vachelli (Richardson) 3 16 1592 7.43 33.6 5.3 -50.46  —57.08
v fifi B} Siluridae*
39 it Silurus asotus Linnaeus 1 12.22 16.7
40 74 77 85 Silurus meridionalis Chen 1 20.70 87.3
IV 7% H Perciformes
vii fifF}Serranidae
41 H E ey Lateolabrax maculatus (McClelland) 3 18.75 272.2 -40.76
42 W Siniperca chuatsi (Basilewsky) 1 17.57 112.7 —43.01
43 KIR#Siniperca kneri Garman 5 4 1454 937 747  16.5 —45.66  —52.70
viii £} Callionymidae*
44 F Vi Repomucenus olidus Giinther 1 3.59 0.6
x YAl Eleotridae *
45 3L IE#E Eleotris oxycephala Temminck et Schlegel 1 15.42 54.9
ix UF R R Gobiidac*
46 T BZMUF j§ £ Rhinogobius giurinus (Rutter) 57 474 2.5
V % H Pleuronectiformes*
xi E#FFICynoglossidae
47 EE 8 Cynoglossus(Areliscus) gracilis Giinther 3 4 2735 2321 955 733
VI #21ifi H Anguilliformes*
xii 6%l Anguillidae
48 12 Anguilla japonica Temminck et Schlegel 2 15.49 75.5

T RO A A, ANHEAT P 2R PR A

Note: Sign* in the table are benthic and no acoustical assessment is performed
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SPATIAL AND TEMPORAL CHARACTERISTICS OF FISH RESOURCES IN
ZHENJIANG YANGTZE RIVER DOLPHIN PROVINCIAL NATURE
RESERVE WERE EVALUATED BASED ON HYDROACOUSTIC
FREQUENCY DIFFERENCE TECHNIQUE
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(1. National Demonstration Center for Experimental Fisheries Science Education, Shanghai Ocean University, Shanghai 201306,
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Rural Affairs, Freshwater Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China;

3. The Provincial Nature Reserve for Yangtze Cetacean of Zhenjiang, Zhenjiang 212000, China)

Abstract: In order to assess the current situation of fish resources in the Provincial Nature Reserve for Yangtze Ceta-
cean of Zhenjiang, a simultaneous survey of fish resources was carried out in spring (April) and autumn (September) in
2020 by using hydroacoustic frequency difference technology and net survey method, and the temporal and spatial
characteristics of fish resources in the surveyed river section were evaluated. Based on the analysis of fish echo image
data of 200 and 333 kHz, the acoustic assessment of fish resources was carried out by frequency difference technique.
The results of hydroacoustic survey showed that the average density of fish resources was (0.094+0.183) ind./mz, and
the average target strength (TS) of fish was (—57.3345.69) dB, mainly distributed in the range of —62.5 to —50.5 dB. In
addition, TS increases with increasing water depth. The results of net survey showed that 758 fishes (53.53 kg) were
collected in the river section and a total of 48 species were identified, of which Cypriniformes dominated. The propor-
tion of pelagic fish population quantity and mass was 36.15% and 66.12%, respectively. The proportion of the quantity
and mass of fish (pelagic fish with body length less than 20 cm, body height less than 6 cm and body weight less than
100 g) fed on the Yangtze finless porpoise was 23.22% and 8.72%, respectively. In terms of time characteristics, there
was no significant difference in fish resource density between April and September (P>0.05), and the average TS in
April was smaller than that in September, and the average size of fish in April was smaller than that in September. In
terms of spatial characteristics, the fish resources were mainly distributed in the waters near the north branch of He
Changzhou and Jiaobei Beach, and the pelagic fish resources were relatively large, and the fish resources were more
concentrated in April. Underwater acoustic frequency difference technology can effectively eliminate plankton signals
and background noise signals in the water environment, which is of reference significance for fishery acoustic evalua-
tion in the Yangtze River Basin. The results of this study can provide a scientific basis for the accurate assessment of
the bait fish resources of the Yangtze finless porpoise in the reserve, support the conservation of the Yangtze finless
porpoise in situ, and provide a scientific basis for the conservation of fish resources in the lower Reaches of the Yangtze
River.

Key words: the provincial Nature Reserve for Yangtze Cetacean of Zhenjiang; Hydroacoustics; Frequency difference
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