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FEE. 2013 42 11 H 25 B A1 2014 £ 5 F 22 B (F A 4 2 K % K A% # 4 L (Simrad EY60,70
kHz, Mg ) EADNRREAEERANEE T R B ETHMBE L RFEHRATT 2 K7 FH
F, BN EREFBRENAGNE, FRABER 2 7 EAER AT R X K& X EFETYE
B RBREMZEQAHAATTREMITEME, FREW,2013F 11 AM2014 £5 A EXRHNAE
AR F % M 4 14 (nautical area scattering coefficient, NASC) 4 | 4 29. 38 m’/nm’ #1 49. 77
m’/nm’, 5t R A KRBT FELL H0.016 B/m” #20.290 B/m’, EEE 45 K 41.56 t
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F =0k 2013 4 11 F 4 %) 7 0.016.0. 023 .0.024 #1 0.009 &/m?,2014 4 5 F 4 %] 4 0.848 .
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BN Mo H18 HET H 5 Ho /MRIEAKE
— YR AT B AR K B 30 {2 m*, f K i
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23 (] 3 A 788 AR R AR T 18 7K 8 0 R0 4 5 T80 I R X
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LKA ERGO 47 75 24 B4 >R 46 Wi 5% ; GPS il
i RS232 45 11 5 20 A B I i 4%, h AR 48
LA EAE R . Phea R ABE R SR 1
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SRIG XS 2014 45 5 7 B i A Btk R AT 0 e 0 B (1
1) o fEEE 5 25 | 73 A R A gt 20 7 i i, %5
JETE T = 0 B ) B K M AR AE L f S T
X0 AL FRAY AT, A 10 m K I M b, NR 2 &
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BB E S - 65 dB) , AT 2 TS iy 4 BE 43 4ii o
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2 HEA T AR A A LT AT ARAR 45 T A X I8k
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BERRARZR T W=0.0381 L3, FEX N

10EES
area 11

b & YR i (fisheries resources,g) B = élAj é;iW,. ,
Kb AR A X, A S EWTE 4 A X
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BT TR T A K R B 50 km® o JLp T E IV
X T A4 1 Ay 15.28 (16,43 12.79 }% 5. 83 km’
(B 1), &R X & M & 2% B 5 |
(nautical mail area scattering coefficient, NASC =
47 (1852)°%s,, m’/nmi’ ) i i F s, {H #
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1 NRIR 7K BE il 75 5 8 25 A 2 R 4RI X a8 %) 53

Fig.1 The acoustic survey track of fisheries in Xiaolangdi reservoir and the partitions of investigating areas
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m 7K 2 5 SR A3 A, 2014 4R 5 7 ) F2 B4R
F 10 m L& & 20 m LUK R, HoA K2 E 4
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IR Z BRI (B 2 - b,c) o fEFTIE
WK 1 A3 EOA AT A7 R DR S T R AR
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2.2 BEBXBRBENST
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Fig.2 The features of fish echo distribution in different areas

B2 FFAEXBEEXEESHISLER
()1[X,2014 45 5 (b)IL[X,2013 4£ 11 [ ;(c)II X ,2014 4£ S [ 5 (d) I [X,2014 45 F ;5 (e)IV X ,2014 4£ 5 F (o] 3 &
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(a) area I,May,2014;(b) area II,November,2013; (c) area II,May,2014; (d) area IIT,May,2014; (e) area IV,May,2014

(the time shown in echogram is GMT)
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Fig.3 The frequency distribution of fish target strength (in situ) in various areas

2.3 REZEMRREEITM

2013 4F 11 H F12014 4F 5 H 845 5 X N 5
¥ M4k H (NASC) 4r %l 29. 38 HI
49.77 m*/nm’* & JH A K I (1 - IV) {975 % B4
MK N 5.61.4.60.5.52.6.47 m’/nm* %

94.09 53.18 .28.27 29.38 m>/nm’, % &R [k
KA, AT 2 R A DX 45 I A Xk (T - 1V)
ASTG] TS By J2 %68 E 1) el 6% 105 5% 3 R 4% 1 A DX 3k
PR R (£ 1,2),

£1 203511 AM2014 55 ARHERERE TS BEELFRZE

Tab. 1

The fisheries resources density of different TS sectors for various

survey areas in November,2013 and May,2014

YR V-1 % &/ (J2/m*) average resources density

H bR55% B /dB target strength [} [E] time

[ X areal Il X areall Il X arealll IVIX arealV

-62.5 2013.11 0.002 32 0.003 43 0.002 69 0.000 52
2014.05 0.034 72 0.012 45 0.002 00 0.002 38

-59.5 2013.11 0.004 52 0.008 61 0.009 32 0.005 15
2014.05 0.212 89 0.035 00 0.006 03 0.006 00

-56.5 2013.11 0.002 94 0.005 72 0.005 59 0.004 23
2014.05 0.410 06 0.081 27 0.016 42 0.020 94

-53.5 2013.11 0.002 35 0.002 95 0.002 35 0.002 57
2014.05 0.148 70 0.079 66 0.028 74 0.029 55

-50.5 2013.11 0.001 86 0.001 32 0.001 24 0.002 48
2014.05 0.016 77 0.020 61 0.013 54 0.014 15

-47.5 2013.11 0.000 82 0.001 45 0.001 59 0.000 92
2014.05 0.004 06 0.007 19 0.005 24 0.004 30
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gR1
H #5%8 J#£/dB target strength ] time PR -3 % BE/ (JB/m? ) average resources density
I X areal I X area Il Il [X. arealll IVIX arealV
-44.5 2013.11 0.000 42 0.000 30 0.000 55 0.000 92
2014.05 0.001 57 0.003 54 0.003 06 0.002 83
-41.5 2013.11 0.000 36 0.000 06 0.000 35 0.000 37
2014.05 0.000 92 0.001 29 0.001 22 0.001 13
-38.5 2013.11 0.000 11 0.000 12 0.000 07 0.000 28
2014.05 0 0.000 86 0.000 35 0.000 11
-35.5 2013.11 0.000 07 0 0 0.000 09
2014.05 0 0 0.000 09 0.000 11
-32.5 2013.11 0 0 0 0.000 18
2014.05 0 0 0 0.000 11

F2 2013F£ 11 AFfn 2014 £5 A
BHEEXFELRES
Table 2 The fisheries resources for various survey
areas in November,2013 and May,2014

AL/t
5} [i) fishery resources it/
time IIX I X I X IV X total
area | area II area III area IV

2013.11 10.34 13.69 10. 81 6.72 41.56

2014.05 412.40 137.55 37.26 19.49  606.70
2.4 RREFHEEZTEDH

TR E KT =R A 2013 4¢ 11

H T2V TE PR X X (T X)) % 8 % 5 e s
0.024 B/m’, FEIX thiiE (I X) &=z H 0. 023
FB/m® 5 RE X b X8 22 B0 Ko i ok B i
KA (T X)) WEUR A M 0.016 J&/m? , B ] — ik [X.

area [V
TITX.
area [I1

g
0’5 O

IV X)) W8 U % U &% K4 0. 009 JE/m’,
2014 4% 5 H KU T (1 IX) %0 % B o s o
0.848 JB&/m’, E X thiif (11 X)) I Z K 0. 248
FB/m*, i A =k KOBR (IV X)) W% R
0.083 J&/m*, [ b iF (TN X)) % 5 4% 15 U A%
f40.077 J&/m’ (& 4),

ML BRAR H bR DL 3R )2 /N B 0 28 O 32 1 R AL
(& 3) M3 s o 2 A Bz, o T % 50
BT ACH , UEAT 10 m DLTR 7K )2 R W Y57 2 %
5L, 2013 4£ 11 H F12014 4E 5 H KU T X 48k
(TIX) Z ] = DI (TV X)) 10 m LAR 7K 2 %
P52 BEMK R 0.015 0. 016 ,0. 013 0. 008 J&/m”’
F10.091.0.039.0.030.0.035 &/m”, 4 X 35k % 5
R Ay BN T 6. 07 2. 44 2. 31 4. 38 {%
(E4),

20134F11H

November,2013

20144F05H
May,2014

10 m A%
resources den
undeér 10 depth

&

B4 BANMNRRKERETHZEEKTZESHHE

Fig.4 The horizontal spatial distribution of average resources density in the Yellow River Xiaolangdi reservoir

WRFHERLELAZR>A XA
JKJZ B 28 bR [l P BRp  445 XTI TS 1% 0 %E 73
Ay, ARAT WU A3 K 2 S ATE X (T - 1T X))

B = B (TV X)) B B 0 24 %% 1 7 25 1) )
A (5) o 2013 4% 11 ARy JE &, FH06E X A
REZINAAE 10 ~20 m K JZ, % 50.018
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B4 A7 85 B 40,062 F2/m”,20 ~30 m K2R Z,
WO 0.020 FB/m”, Hifth 7k JZ 40 A 4 HAE N
5] B AE 0.005 ~0.010 JB/m* Z[a], #if =
U [X Tl £ 25 ) 3= 5 A T 10 ~ 20 m oK )2 BN
0.034 J&/m’,

B T BRI X AR Y 10 ~20 m /K 2 DL K w5
= X 20 ~ 30 moK 2, Hifl k2 7 2014 4
5 0% B EI R T 2013 4R 11 H L

10 I. I, KX
20 area 1 I I
E.J:
g{% 30
%‘U
40 [ 12013.11.25
50 I 2014.05.22
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Fig.5 The vertical spatial distribution of average

esources density in the Yellow River Xiaolangdi reservoir
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B 5. 16, SCPRiM A L A 6 Rk 5. 65107,
e T AT S e el R N Y 3 o &
AT L KL 2 1] SR RE B AL 1 R 2 R AR R
1EL 37 38 75 DX 33 P4 398 43 7K TR A7 A R L B R
JR TR W B 18 o, G i S84 TRl T
LA BN, RIR R 22, 25 5 M B
2% 15T WAL B AR P 6 S ) IX R

SRV T 2 (43 DXORFE J7 20 BRI 46 i 22
JIr 77 A 3 AR 3 BE AN S B B2

X PE DN B IR A = et o, 2
A FLJC W L I 7 A2 H bR BE AT SR AR A [ L il B
A H A i B 2 ) S8 Rl T AE RO R, R K
XF I TS 55 AU 0 £ 28 A o e R e B R
M P X AP o8 , 75 725 G MF R h e % . %
e =R AR R S O I B B € W
T4 4 R KRR 28 0 % U5 = DAk A o o PR AR TR
[P A AELX 350 7 A [ s 4 £ 28 % 5 6 ) A X A
AFE M AN K, BB 8 45 Sy o 1 b 5z e P X O o
ARAZ AN 25 (8] 45 44 43 A1, Ud W P 27 0 2 3P AS 7 1k
SE4TE T T2z K S . TRk RE A8 A i 1) A [m] £
Pl B 5 R A PP AL, B R B L S DL B
FERBAIFFE o FR TR A K I PR TP A T 3R A )
A6, JCREHEAT 7R AR PR AR AR R 2 Y A 45 SR A
/IR IS 7K P I %8 9 ] — ik 22 ] 2 30 km 3=
TA] I 7K 3P Y el B U A
3.2 KB R AR T E X R A
A

5T A R 2 L AR 43 5 vk 6 /NTRL IS K B
F IR K S AT T AN T 2= A el B IR PE A AR
P 2= B4 (NASC) (194846, 2013 42 11 A 2
29.38 m’/nmi’,2014 4F 5 H 4 49.77 m*/nmi’, I}
TG 4% FE 1) 728 Ak S e L R AR VD T B 3 B IR
Ji P DX P Il B R B AR AR AR B o AR e T k2
KRV FE 0 R A B %S R BE Ak U
KR VDX P DX e Ml 9% U 0 5 e R R S 2L B Y
g T . BEXAEEEMN4 H 1T HEG6J] 30
Hoh AR, O b A 28 10 m DLTROK)Z 40 A 1)
S TR FEIZOK R 0 B 0 28 % B AT 6 Ee 43 A, T
DL AR (] £0 288 1% 5 15 A8 2y, A 4 15 5 800 IS 3
WK AT B IG K B  BR TIEX N
SRBHE ()38 K, B B 0T 6T I X il 0 R R
FNVEAT A FEAE o H R, 3 B U 5 1 o
PEH 14 75 45 5 0 ELORAE DL S DX 5080 <5 iR A7
T B R A AT . PR X R AR 25 1Y
AR, AR BIANA (TS > -36 dB, 2K K
F30 cm ) 2013 4F 11 7 [ FH % 5228 F 2014 4E 5
A S e s P DX P 396 5 TR0 A R K R U i
R R 2 BAR
3.3 BEBERRNMNFREE

Hy T ET 3 R e A T, f 2 B s TS
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JESCHEIAYT . Sawada®E ' BT KW, B I A
TS AT (9 BE 52 W), 3 R B R R 4 B 2 3K
B B A ) B Ao DT A R 22 . HE
1) N BRI R BRI N 2R R () 72 A
0. 048 H b7 H b 3 58 (9 0 32 A7 %7 o 2013 48 11
A 2014 4 5 FI BRI A N, 4302 0.000 6 Fi
0.01, BLHA B 370 5E TS 1 75 24 %5, i A [l i A1
315 BT VA 1 8 5 B B s ) A1 AT B 8K
Ro 2 H BRI Y S 8] F 8] 3 A3 4 X I 5T
AT S T Y A 2 0 B AR A 1 SRR
FH B2l T2 AIF 58 A S I [ 3 1 ) 2L SR
FE, JCEE R AT o0 B, 5 78 Je SERE 58 TR T o

ROK A A R — B i T Rt 2R
SR R U Oy 9 BRI T el B 5 RS 2 DE A 4L
ARBYHE) A AT DA = O ) S R R P A
R B v L8 V5 FEAT AR ) S OE 5T, T A e AT SR
R0 T
3.4 BEXHNTESH

DA B AF 93 6 B IR K 0 28 AN ] 22790 1 2 A
[ 23 A7 45 A A8 AL BTS2 SRR S 4 R R /D
TRVE 7K P A 5 A A [) 8 5 R, 0 I AS ) 22 . 38
327K BT AR A R B B R e i AE S JE IR b
— I,

X T IX R K P43 A, 2013 4R 11 ]
BLAY AR FOK PR WE BRI, I 2014 4 5
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Acoustic survey of the fisheries resources in the main channel of
Xiaolangdi Reservoir in the Yellow River

LI Bin', LI Peijie', TANG Yong'*, SUN Jianfu', HU Yadong’, ZHANG Jianbo
(1. College of Marine Sci-Tech and Environment,Dalian Ocean University ,Dalian 116023, China;
2. Fisheries Science Research Institute of Henan Province ,Zhengzhou 450044, China)

Abstract; The Xiaolangdi reservoir is a key water -control project located in the middle reaches of the
Yellow River in Henan Province, China. Since 2002 , the water and sediment regulation operations have been
conducted in this area during June or July every year. In autumn,juvenile fish is artificially released into the
reservoir to prevent the fishery resources from decreasing as a result of the project. In order to know the
influence of this project on the fishery resources,acoustic investigations on fishery resources were conducted
in the main channel areas from the dam to the Yellow River Three Gorges in the Xiaolangdi reservoir. A split
- beam scientific echo sounder ( Simrad EY60,70 kHz, Norway) was used on November 25,2013 ( after
the water and sediment regulation) and May 22,2014 ( before water and sediment regulation) ,respectively.
The average density of fishery resources,the population size and the spatial distribution in different areas of
reservoir were surveyed and estimated according to the survey on fish target strength in situ and the use of
echo integration methods. As a result, the acoustic integral value; Nautical Area Scattering Coefficient
(NASC) in the reservoir were 29. 38 m’/nm’ and 49. 77 m’/nm’ in November 2013 and May 2014,
respectively , also the average density of fishery resources were 0. 016 ind/m” and 0.290 ind/m’, and the
population size were 41.56 t and 606. 70 t,respectively. For the horizontal distributions of fishery resources
in the different investigated areas,the average density of fishery resources in the areas are as follows:areas
close to the dam saw a horizontal distribution of 0. 016 ind/m”; the middle reaches of the river with 0.023
ind/m’; the upper reaches with 0. 024 ind/m”; and Three Gorges area with 0. 009 ind/m” in November
2013. In May 2014 ,the horizontal distributions of fishery resources for the same locations were 0. 848 ind/
m’,0.248 ind/m*,0.077 ind/m*,0. 083 ind/m’, respectively. The NASC in the corresponding areas were
5.61 m’/nm’ ,4.60 m’/nm’,5.52 m’/nm’,6.47 m’/nm’ in November 2013 ; and 94.09 m’/nm’,53. 18
m’/nm’,28.27 m’/nm*,29.38 m*>/nm’ in May 2014 for the respective area segments. The fishery resources
were distributed mainly in the upper and middle reaches of the reservoir in November 2013, and in the lower
and middle reaches in May 2014. Fish in the reservoir showed the characteristics of layered vertical
distribution. In the area of the Yellow River Three Gorges, fish is mainly distributed in the 10 m to 20 m
water layer. In the main channel area, fish is mainly distributed in the surface water layer and the 20 m to
30 m layer. The fish target strength (in situ) had respectively highest proportions of —59.5 dB in November
2013 ,and -56.5 dB to -53.5 dB in May 2014. This shows that the fish size was relatively small and the
body length increased six months later. These results support the idea that the fishery acoustic survey is an
effective method for the fishery resources assessment in the Xiaolangdi reservoir.

Key words: fishery resources; acoustic survey; resource assessment; spatial - temporal distribution;
Xiaolangdi reservoir
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