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Tab. 2 Status of fish resources in the Yudong reservoir

VA A X 5k H brus i /dB K /em PR /g AR/ (kg m™D) PE it/ ke o/ R
i —37~—70 1. 25~55.59 4.22 0.17Xx107* 10 279 2 491 088
i —40~—170 1. 25~39. 36 2. 44 0.06X10"* 3628 1378 563
T —42~—170 1. 25~31. 26 1.70 0.03X107* 1814 900 903
2Bt —37~—170 1. 25~55. 59 4.22 0.07X107° 12 697 2 847 823

3 itig

N SIMRAD EY60 [817 #8048 i {1 7 22 b 9% U5 274k ) 38 20 34578 T2 7K 2 £ 288 i /20 DTG 7 DAy
Bf T AN FH 2 0 A ORI 288, R0 28] %) 235 SR o M 50 o i L AR X 1 Al 38 Ak o ) D SR A R A5 O Jn 2R
PRI SR T R A K 2R K IR BE L 2016 4F 12 H A C TAE A B 1K BE AL 38 5 i i 44+ kg ' AOBE I 440 000
REBLIK 5.38 BB « kg 'HUBEMIT 11 000 BB, SR, N T IR M M 2R AE R G AR T R A N LR T RN E A
N BT 0 AR B 1) B R BILREAS 76 36 B 19 & 2B FE F AR KA vh B 2 BB 0 R A BB 0 IR L 5 B A A AR
Fb3e G AN JE 8 (AL 0 #0 2SR B L ARG RT3 I A %) 326 56 A0 T B8 X 50 JE A IS 1 7 % 6 i R 7 5 e 0
BRI R AR v i A oAt £ 28 R AL iy T AR AR U S AT /A e BE AT R AT R, IR IR D . R U, £ 3R 7K
JE b W YR IR L 5 SIMRAD EY60 [1]75 H00 {SCH ) 2] il 45 5 LA — 3,

TEZKF D7 1) b I 7K B b i K 0 #2IS R A R, I Wit K Bl £ IS B el . K R IR T AR W AR RO AT
LK RIREE T AR TEALER S R R OB A AR S AR ISR T B B G T ELIR 5 K R 1 O L i R
[i] LA B K 343 A A A AR KR R0 il A 2 o £ 2 S B R 0 A A R G R BRI TR R 1 ——f T K
JE ) 3 AR R, b U A A L TR 9 K e B R U A R K5 T K ) RN ) R Y R IR iAW N
WO K P K A A IR B A R

FEE L7 1) b TR AR W A KR )2 JE 22, TR ik 7K R ) S 0 S M R I s R 22 R TR AE K AR B )2 TR
. BEE AKUR R B (38 0, £0 28 A 04 285 B S22 8 A1 1) B 34, 3k 4% 5 0 20 W% U dt AR /K AR TR B =2 T A7 7 1Y) 970 R DG G
R BR T ARARN SRS S 2 A R R B R R R SRR

F T ¥ IR 7K 28 el A7 B AR K R R AN — T R T R AT Bk R K R e 2 IR A R R AR Y R
W5 o DRI S AR IR 90 SR X6 7K PR 320 5 7K R AH X 858 & P o 8 AT R DN 5 3 TT RB- S0A J80 ) Tt 9% 05 o /D . R B AR
FHZS 2O B8 g AT e Sk B v, i T HOET A U K 2R IS AR O TR A S0 AR AR T T I B 2R
e %y A T ARG 28 0 2 X DA R T R % R T R R AT A L (B b DA B R A Y O R R RO A R T A
J X 12 K B 2 H AR i B (R R AE 19 E — 25 S AT 5 IS A ] LB IE

S 230k
(1] IR FE £ BRI AT, A5 b R SF ¥ 8 6 % 75 22 37 A 19-27.
PEEFFSE )], K= 4H,1995,19(1) :8-20. (3] oKk % WRIE 52, P S 5, 45, g 96 X 22 #0 D 7 22 I Al L AR
TANG Q S,WANG W X,CHEN Y Z,et al. Stock assess- REFFLI] AR PE R 72741, 2003, 23 (1) : 35-40.
ment of walleye pollock in the north Pacific ocean by acous- L1Y Z,CHEN G B,SUN D R,et al. Work programme of
tic survey[ J . Journal of Fisheries of China,1995,19(1):8- acoustic assessment of multi-species fish stock in the South
20. China sea[J]. Journal of Guangdong Ocean University,
(2] &5, R bl B % (Theragra chalcogramma Pallas) B 2003,23(1) :35-40.
i B 0 B0 00 (7], B K= R4 ,1996,3(4) :19-27. [4] 20k, bR 5, B9 55 . 45, p i AL 30 1 /N B AR & 0F £
ZHAO X Y,CHEN Y Z. In situ target strength measure- R PEFFPEAL ()], o B K CH R B# BD ,
ments on walleye Pollock (Theragra chalcogramma Pal- 2005,35(2) :206-212.

las)[J]. Journal of Fishery Sciences of China,1996,3(4): LI Y Z,CHEN G B,ZHAO X Y,et al. Acoustic assessment



40 TR A FF]CE AR FBO

http://www. cqnuj. cn % 35 %

of non-commercial small-size fish resources in the northern
waters of South China seal ] ]. Periodical of Ocean Universi-
ty of China (Natural Science) ,2005,35(2) :206-212.

(5] MR, 28Kk 3, B0 58 55, 55, ma 1 b 7 0 dol 3 22 28 0 £ 2
B A 2 PEAG LT, P B K™ BE2£, 2005, 12(4) :445-451.
CHEN G B,LI1' Y Z,ZHAO X Y,et al. Acoustic assessment

7

of commercial fish resources in the northern waters of
South China sea[ J . Journal of Fishery Sciences of China,
2005,12(4) :445-451.

(67 BT %, Bk 4, T3 ME L 25, = e /K I8 1 )28 91 1] 40 3 25 ] 4
A B AR 2 TS )] AR AE RS 2 A 7 2008, 1(5) : 25-33.
TAO J P,CHEN Y B, QIAO Y.et al. Hydroacoustic sur-
veys on spatial distribution of fishes in the Three Gorges
reservoir during the first impoundment[ J]. Journal of Hydro-
ecology,2008,1(5) :25-33.

(7] 455 B R 3275 05, 4% Y TR 7K 2 ol T 75 4% B4R 2

X LT, IO FR L 2015,34(3) - 141-145,
QUAN Y, TANG Y F,GONG S X,et al. Current status of
agricultural non-point source pollution of Yudong reservoir
and countermeasures| J]. Sichuan Environment,34(3):141-
145.

(8] RT3 4l FEEW, 5. = 5t = B il 7 7K J2 V7 itk 4l 4 B
G S T EOR L) ] K AR AR AR, 2012, 33(2) 1 69-75.
WU W J, YANG K,WANG Z C,et al. Community struc-
ture and seasonal succession of phytoplankton in Yudong
reservoir of Yungui-plateau[ J]. Journal of Hydroecology,
2012,33(2):69-75.

[9] BURWEN D, SIMMONDS ] E, MACLENNAN DAVID
N. Fisheries acoustics: theory and practice[ J]. Reviews in
Fish Biology &. Fisheries,2007,17(4) :633-634.

[10] R B4 Pl BT 5. 2 5t i J5 i R 7K PR V7 i A )

TEAEH B O [). KA R AL 2012, 33(2) £ 69-
75.

WU W J,YANG K,WANG Z C,et al. Community struc-
ture and seasonal succession of phytoplankton in Yudong
reservoir of Yungui-plateau[ J]. Journal of Hydroecology,
2012,33(2):69-75.

(110 FRAL . 2755 A8 A X 3] 7K 8 K 7K B 1Y 3

K FE PRI ,2008,29(4) : 15-17.

g )],

DAI T G. Seasonal changes affecting water temperature
and water quality of Yudongreservoir[ J]. Journal of Water
Resources Research,2008,29(4) :15-17.

[12] FOOTE K G. Importance of the swimbladder in acoustic
scattering by fish:a comparison of gadoid and mackerel
target strengths[ J]. Journal of the Acoustical Society of
America,1980,67(6):2084-2089.

[13] FOOTE K G. Fish target strength for use in echointegra-
tor surveys[J]. Journal of the Acoustical Society of Amer-

ica,1987,82(3):981-987.

[14] YE SW,LIZJ,FENG G P,et al. Length-weight relation-
ships for thirty fish species in Lake Niushan, a shallow
macrophytic Yangtze lake in China[J]. Asian Fisheries
Science,2007,20(20) . 217-226.

C15] weadt i, J™ A1, 2 g A oy 90 U5 98 2 T RROBE A 30 AR 1
XSk R BT[] ], W il . 2008, 30(1) : 56-61.

LING J Z,YAN L P,LI1]J S. Application of resources den-
sity/area method to estimate Cephalopod stock of the East
China Seal ] ]. Marine Fisheries,2008,30(1) :56-61.

[16] Eqniy , o 4, 5K %2, %, EY60 [nl 75 5% I {3 7 75 Vi ) 40

G R VA A R A LT, WA AL 24,2009, 21(6) : 865-
872.
TAN X C,SHI ] Q,ZHANG
sessment of fish resources in the Lake Qinghai with EY60
echosounder[ J ]. Journal of Lake Sciences, 2009, 21 (6):
865-872.

[17] LAWSON G L,BARANGE M,FREON P. Species identi-

H, et al. Hydroacoustic as-

fication ofpelagic fish schools on the South African conti-
nental shelf using acoustic descriptors and ancillary infor-
mation[ ] ]. Ices Journal of Marine Science, 2001,58 (1)
275-2817.

(18] Ai/h  BRsREe P 46 S - SO B AR F ml p £

KRB G J7 i R V[T ], A 4524 2% 3K, 2012, 31 (12)
3235-3240.
SHI X T.CHEN Q W,.ZHUANG P,et al. Life skill train-
ings for hatchery fish to improve its foraging and anti-pre-
dation capability in natural environment:a review[ ]J]. Chi-
nese Journal of Ecology,2012,31(12) :3235-3240.

[19] MCNEIL W J. Expansion of cultured Pacific salmon into
marine ecosystems [ ] ]. Aquaculture, 1991, 98 (1/2/3):
173-183.

[20] JOBLING M,BAARDVIK B M,CHRISTIANSEN ] S, et
al. The effects of prolonged exercise training on growth
performance and production parameters in fish[J]. Aqua-
culture International,1993,1(2):95-111.

[21] UL KR 7 I ME , 55 VT WK /K f0 28 N T2 B0 Tl
L RS LT o B3l 285 . 2009, 27(2) . 74-87.
ZHU B,ZHENG H T,QIAO Y,et al. Artificialreproduc-
tion of freshwater fish in the Yangtze river basin and its
ecological effects[ ]J]. Chinese Fisheries Economics, 2009,
27(2) :74-87.

(22 MREKEF 890, i 19 1. O 38 1T K 2 K 3l 0 24 % 38 FR 3 R
T AT R W LT ). AR A4, 2008, 23 (1) 2278~
2284.

LIN Q Q,HU R, HAN B P. Effect of hydrodynamics on
nutrient and phytoplankton distribution in Liuxihereser-
voir[J]. Acta Ecologica Sinica,2003,23(11):2278-2284.

(23] 5, BRI AN 55, O BRI 37 30 B o I B R Bt
B i A A R A A [, AR 25 241 2006, 26 (9) - 2783-



Vol. 34 No. 4

Journal of Chongqing Normal University (Natural Science)

http://www. cqnuj. cn 41

[24]

[25]

[26]

[27]

2790.

FANG T,LID J,YU L H,et al. Effect of irradiance and
phosphate on growth of nanophytoplankton and picophy-
top lankton[J]. Acta Ecologica Sinica,2006,26(9):2783-
2790.

STERNER R W. The role of grazers in phytoplankton
succession[ M]//Sommer U, Plankton ecology: Succession
in plankton communities. Berlin Heidelberg: Springer,
1989:107-170.

Mo T B R B G — s IR ALK - AR A LD AT
K B 2 3 2 40 T R D AR I 1) A . WA R 2
2010,22(2) :244-250.

LIN J,SU Y P,ZHONG H Z,et al. Vertical distribution
of phytoplankton in a eutrophic reservoir,Shanzi reservoir
(Fujian) during summer stratification[ J]. Journal of Lake
Sciences2010,22 (2) :244-250.

FHRER B Z . KRR E Y 2 AR K sgm [T, 5%
BHHAR A, 2010(11) 1 166.

WANG L. H,ZHAO Y B. Effect of natural food organ-
isms on the growth of fish[J]. Breeding Technology Con-
sultant,2010(11) :166.

POWER M E. Predator avoidance by grazing stream fishes
in temperate and tropical streams:importance of stream

depth and prey sizel M]//CHARLES R W, ANDREW S.

Animal Sciences

Predation:direct and indirect impacts in aquatic communi-
ties. Hanover: University Press of New England, 1987 .
333-351.

(28] HEE 7, BRRPC, XU, 45, =k P2 X% 13 o] £ 2 I 23 43

A FRAE B K P 2 BE S [T ], A2 35 4441 2012, 32.(6) : 1734+
1744.

REN Y Q,CHEN D Q,LIU S P, et al. Spatio-temporal
distribution of fish in the Pengxi river arm of the Three
Gorges reservoir[ J]. Acta Ecologica Sinica,2012,32(6):
1734-1744.

(297 108 , 4592 30, X Ml , 45 W78 X 8 2 iy S e [ . o R

TR 2 2R CHARBHF# D ,2017,34(4) £ 130-133.

SHI N.LTY W,LIU Z H.et al. Influence of noise on fish
[J]. Journal of Chongqing Normal University (Natural
Science) ,2017,34(4) :130-133.

[30] BRANDT S B, GERKEN M, HARTMAN K J, et al.

Effects of hypoxia on food consumption and growth of ju-
venile striped bass (Morone saxatilis)[J]. Journal of Ex-
perimental Marine Biology &. Ecology, 2009, 381 (12);
143-149.

[31] BROSSE S.LEK S,DAUBA F,et al. Predicting fish dis-

tribution in a mesotrophic lake by hydroacoustic survey
and artificial neural networks[]]. Limnology and Ocea-

nography,1999,44(5) :1293-1303.

Fish Spatial Distribution and Biomass Assessment in Yudong Reservoir of

Yunnan Province Based on Hydroacoustic Research

SHI Ni, LI Yingwen
(Chongqing Engineering Research Center of Bioactive Substances, Chongqging Key Laboratory of Zoobiology,
College of Life Sciences, Chongqing Normal University, Chongqing 401331, China)
Abstract: [ Purposes ]In order to understand the spatial distribution and existing resources of fish in Yudong reservoir of Yunnan
province. [ Methods |In July 2017, a water acoustic survey was carried out by using Simrad EY60 echo detector in the study area.
[Findings | The density of fish in Yudong reservoir is unevenly distributed, and most fish are concentrated in the upper layer of wa-
ter. The upstream fish density is 447. 1 X107 individuals «* m~*. The detected target strength range of the whole section of the res-
ervoir is —37~—70 dB, corresponding fish body length range is 1. 25~55.59 cm. According to the formula, the fish biomass in
the upper, middle and lower reaches of the reservoir is 0. 17X107%, 0. 06 X107*, and 0. 03 X107 * kg * m™*, respectively. Prelimi-
nary estimates of the overall amount of fishery resources are 12 697 kg, The number of fish that can be caught are 2 847 823 individ-
uals. [Conclusions | The spatial distribution of fishery resources in Yudong reservoir is not uniform, mainly concentrated in the upper
layer of water body. This is related to factors such as predation pressure, fish habits, water temperature and dissolved oxygen.

Keywords: Yudong reservoir of Yunnan Province; echo sounder; spatial distribution; fishery resources
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Fig. 1  Effects of cadmium exposure on histology of liver in zebrafish
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Fig. 1 Schematic diagram of survey track Fig. 2 Underwater acoustic detection echo image of full segment





