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229 J&, JKJEMEZR 658.23 ¢ m?, 1EH KA &MF
T, KN 24.7 J7 hm?, & HK PSSR0 1A
10.67 £7J7 hm’,
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1) R KRB DT T R IR B — ¢ U538 57 7 — I ]
WAL AR FRAE Y SR, KR R R TR
W BE A2 5, SR IR K 7 Ml R U IR R R
7oL AETE RO T DTRR . AR 22 K DRI B A Y
AR K A0 A 7 GO AR A%, 2003), SR, iE
10 4F2K, A EXOKBTE SRR rng, L5
Y RS L D R o R A A S K ST e i —
O 25 PR X i i Tl d5 Qe il . 3 kTS 1145 R
15 Yt — YL FN M BUER X S . (BAE VR 2 X I L
SRS R R IR IS 0L T, o o A
fernl i, g8 HR RS i AR s ETE g . BiE Ak
IKHEAT 05 SRk S XOK AR AT B AR B sl ok
EEXESRGE AT, RBERNEE
Uk 2R IESE, 2014), S THEHIIA . AKEAK B DL K
WA RS R PR, KRR W Ty,
(Hypophthal michthys molitrix) . ##(Hypophthal michthys
nobilis)# ) ¥z MA T4 oKk kb SR, B TAE5E
J7 V5 BRI, X ve b B IR ITAl R AR 4 it B AR P 1)
B TR PG T, G far Bk PREE b Al el BT
O ATRRIE SO S IR AR G R, S BB O B AR}
2P SR ORI AR 3 5 TR i LAl

0 248 B 5 A A 00 FH O A A L 8RR
YR 4E (Elliott et al, 2001; Coll et al, 2007; Jurvelius
et al, 2016; KR4, 2014; XI55, 2019), it 4
PR SRR, 2N TR R, AR Btk
DLFEAAE AR ™ 0 5 1 o o — BB I Y O Tk R
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AT RS MRS FE S | KRR B Al B IR B
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TERIN, PEASEREE IR T 2 AR e, LA O it
YLK P el B U Rl 24 A8 PR LRl 2 5 %
1 #RI5F*E
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B, AL FENEIT R, AW A 23 km (K 1),
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Lrr S A B K A TR /KIZEK AN 6666.67 hm?,
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Fig.1 Location of Hongchaojiang Reservoir
and sampling sites
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IRBE I 22 5 X P 2 I A 8, RAS HE A A R A
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4 H 9 HHRIAT KA A E DAL IR E a2
WA 22 5 . P IX 28 MR BE B 7E 2018 4F 4
10~11 Hi#A7 . S AFWE TR E, & T
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IR M, AR K (B 1, S1~89
ST B W, WIS AR A K TR (m) . ZKIR(°C)
BEWIE (em) . PUEE | pH. I #5(DO, mg/L) . S @5 (TP,
mg/L). BB JE(TH, mg/L). S (TN, mg/L), WAHA
A(NO,-N, mg/L). fi5REE A (NOs-N, mg/L). & A
(NH;-N, mg/L). F4ERRERIE$(CODMn, mg/L), It
4% a (Chl-a, pg/m’), BAHLEK(TOC, mg/L)%, H
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FARE (TR AR (BB )) (JHf#S, 2006)
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SLPAF 1.5 m, DAHEBRERZME 2 ROm 308 s, 7KK
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PR 1299 B, FHR 19711 g, it
18 Fif, Herhr, % 4E ff1(Oreochroms mossambcus) JG i b
BRI S AR YRR AT AR, A3l i 79.68%
M 79.69% . TEACE L5 i 1% 09 i A 2 bl
(Carassioides cantonensis)(5.08%) . 1 14 8 fiff (Rhodeus
ocellatus)(4.85%) . 1 R {LL i (Toxabramis houdemeri)
(4.08%) . 541k (Rasborinus formosae)(3.54%) . F k&
W ;% £71 (Rhinogobius giurinus)(1.46%). 7444
7 R I 1% B R 28 38 A 20 (12.58%) . 1 B (UL
(1.79%) . 55 W75 B71% (Labeo rohita)(1.44%) . i Fg fif]
(Culter recurviceps)(1.35%)(F 1).

22 KEZRMNEBHER

FE S9 S HERE— AN KIRB/INW PRI, XT S
ORGP 2E R 22 S AT 50 B o WFE R B, 2R R
WEF AW EP>0.05)(K 2), B % S E 5 3 Hh
(105.02:12.59)(n=36)F1(106.71+16.28)ind./1000 m*(n=29).,
B B AR EE - {E H KR>[0 (P<0.05), B4 H bR B2
SEYE 431 R (—43.30+0.32) Fi1(—44.50+0.26) dB, F
PR W R S PRI 7 55 X (60 ~ —54 dB)/MEIR
KN (-60~ —57 FI-57~ —54 dB Z» B hN 9.25%7F1
4.76%), i FH K 22BN 55 XY (54 ~ 48 dB)
KIS prE(—54 ~ —51 FI-51 ~ —48 dB 4333 fin
7.42%F1 5.27%) (5= 2 FIE 2).

23 BAETEHSHIFE

Xof VA T 7K 28 % (1) 245 [) 43 A A% S o BT
B, BRI TTOK PR 0 28 43 A 2 B 3 Y 23 [R] AR AL RR AR
(P<0.05), BAa I, s e St s e T il
B PE(RHFAE . 2RI 109.52 ind./1000 m®, ek
(B BRAE L3700 S3 3, P48 4 330.21 ind./1000 m’,
He/IME A R URRY S8 3, % 4 21.50 ind./1000 m’
(El 3 f1ZE 3).
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Fig.2 Comparison of the density and target intensity (TS) of hydroacoustic detection in day and night

ns: ZRARFE; **, ﬁ%ﬁ%(P<O.OI);O; S

ns: No significant difference;**: Significant difference (P<0.01); . : Mean outliers

x2 BROKEZFHRNBREES LR x3 BRI KEBXBEEZENH
Tab.2 Comparison of target strength distribution by Tab.3  Spatial distribution of fish density
hydroacoustic detection between day and night in Hongchaojiang Reservoir
b e e X s g PR BUMIL BRI gy
Target strength (dB) Day (%) Night (%) . Standard Minimum Maximum . .
Site Mean deviati I I Significance
60 ~ 57 12.28 2153 eviation  value value
57 ~_54 15.01 19.77 S1 153.28 94.63 11.58 418.79 b
54 ~_5] 21.56 14.14 S2 7843 60.84 9.12 269.53 cd
—51 ~-48 16.00 10.73 S3 330.21 218.06 86.63 1279.04 a
—48 ~ 45 10.77 10.17 S4  72.02 55.88 5.012 360.83 cd
—45 ~-42 8.29 9.27 S5 167.99 35090  16.55  2422.99 b
—42~-39 6.35 712 S6  81.07 10321 0.61  475.12 c
—39~-36 474 4.30 S7 3332 36.77 1.96 150.05 cd
-36 ~-33 3.48 2.14
S8 21.50 19.93 1.76 88.97 d
-33~-30 1.51 0.82
S9 47.89  66.36 1.21 306.51 cd
N N W ARTFHRRERRE, TR
21°56' b A Note: Different letters mean significant difference among
different sites (P<0.05). The same as below
24 FI b g 3 DU 3 B4 AH S RO RRAE i KA BLAE
S9 ¥, FHIE H-45.10 dB, XHR4K K 21.88 cm.
21°52'F serr log(x+1) He/IME R S3 3, FXIE H-47.90 dB, Xt 4K 15.87 cm
Density (Fed). HICHEAGTERT], £ 5 HERR A1 —
21950' L = 0091 3+ MG, (A EHE R % (R=-0.553, P=0.122),
= 1.4~1.6
=213 24 WERFEBEAH
21948 | =583
=31-34 AN, 2% 8 0 A 5 TP, CODMn
109°4  109°6'  109°8' 109°10' 109°12' E Chl-a 2 W EFEAMHE, HKIEE R A (P<0.05).
Bl 3 02528 [ 4315 (IDW 4 {H) A HbRE S WT, B, TP, CODMn £ &% ffi

Fig.3 Fish spatial distribution by IDW interpolation FF(E 4),
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Tab.4 Spatial distribution of target strength (TS) A S 4 S .
in Hongchaojiang Reservoir KRR . A B 1ﬂ@{$fy§ﬁ1’jﬁ§(Elhott et al,
M BUME Bl 2001), T, 76T AN A A 4 B AF 5T o R
A e 1 i e - .. N N —kr W2, 4T ey A ST -2
i;tﬁ?smmﬂMmeMmMmﬁiﬁiw AT L SR , K P A B T A 23 (A P i
deviation  value  value °' 04T Jg CRNAE AT ) . BRB IR B2 (Simmonds
SI 4607 240 5242 -39.60 abe et al, 2005), I F/KIMAREKLE, WHEINNOETH
82 -46.03 242 5195 3721 abe TR I WA L K A0 SRR K P 2 A 2 SR e
S3  —47.90 1.93 -51.37 —42.55 d PERY T L e %
e T ARERE B K 7 A, ARt
; ;ﬁg Q; ;£6 j&j o VTR P £ B 9% REAT T VA . S5 R,
—46. . -53. —40. c S s N T A
S7 -46.73 2.46 -52.86 -41.27 bed ﬁﬁﬁ%%ﬁﬁﬁﬁxﬁﬁ’ RO I £ SR TR
S8 —4552 283 -52.71  —-39.04 ab ”‘J’”%”\j’f](l05;02i12'59)%i(106'7&16'28)
SO 4510 348 5998 3885 . ind./1000 m’, {H HFRIREE K W KT, His
S B S Y508 43 9IS —43.30 dB F1-44.50 dB, 7 1 /N
3 itig MR L EH RN, O KERERN, N
N s ., A W35 B30 5 HL kA G, KRR AR
31 BRERIKEZFEHZM AT R 3 A K IR, KR S 2 Bk

LR T AL e TR T DR BN LS, TS A f 6 VIR B

. X p_ <0.05
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HEN
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KX —os
= (.75
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Fig.4 Correlation between fish spatial distribution and environmental factors
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KBt s —ere (R BERE, Mo a [, T
MRFABREETIBENS, Ao RSP T
KK, WM RZTBE R E, KRR E X 77
B R 45 R AR (Ye et al, 2013; 3% K 54,
2015), HXFERZFWARLXTH, Djemali 45
(2009)%F 5 Je I 4 AR K AR F ], 2
FRILAEIK IR, BB 2= SAFETE, (AJCIEAS AR TR R
o ALK A R A AN 2 B i, T K R
PRI B o I, 256 75 RE A B I ] S FE i
A PRIV K e 5 B2 7K P 2 R 2 T e 48 1 KA T o

32 HEEIIKEEEXZTASABHERENAEREF
B e iz

0 28 25 () o3 A AR SO S FAER CR 1Y
WA BT T a2 it A S o IR AR sh a4 .
Dauble £5(1989)i ja % K T4 1 (Oncorhynchus  keta)
4y £0 7E HEAE LS 25 8] 2 A5 F 5 4 2L LI 1 1 e
i, Silvano %5 (2000)HF 5% & B, 4fi & BliH] (Jurud
River) Uit 1 308 5 1) 2% 2 B Gk 5~ LB I a3 £ 2%
YRR R BE , AR IERE BT AR AR R i
AR EN S 2Z RN EENEA KR, EEE
BRSPS . SRR e S IE
A I TR X S PR 2R X #0 ZS I 25 40 A A SRy B2 ), K Sy it
WK R A R A PPALT | DR SR F A 5 4R {1 d 2
HZ%, WA R SR, SEIT K EARETEHTY
e, . EREEEE . R LR, AU, TR
WRpR A BRITIE YRS | RS A0S RAI L, TR
JEIX /N, KFAFEIX 5 Al AR IR 2 o, ARk
YRR 23 0] 22 T 550/ o (EK RS 2RI g SR e i, it i
TIOK PR 2R FEHI R I T B I 1 25 1) oA 22 S 4
B R BRI T R PEDOR T 0 B2 () 43 A1
¥ Jmy o A% % (2002 . 2008) %] 48 1 AN = e R . B
T 25(2008) % e 7K J2E Ji YT 7] . Zeng ZF(2015)%F
TV E K R i R K R 2R R A A T 2
HIZ5 e, BRI 7K ZE (A ) 8 28 114 25 [) Ao A R AiE 22 30 B
B BEH S B S

IR DR 1 B 25 2 5 2 i ol 28 B R ) 2 AR )
B R, AT U 2 PRI R B AT A5 X I ) 5
K6 BE 43 A5 F#1F (Prehalova et al, 2008), A58 & IR,
XoP UK e #0288 53 A 5% T e K B BRBE R R TP L 7K
. M EWE . CODMn, i, TP, M4REWKE .
CODMn 5285 i 5L [ 5 EAH G, 7K IR 5 10 28 5
REEAME, TP, MEERWEE . CODMn SR
IKAE TR 1) 22 55 SR A 0 A 7= 8 RN GRE T
45,2010, EFEER WYL TR WK EUE BT R

AR, JEIRM SRR 5 a2 R
ST PR W 5 25 A B A e . Godlewska 45
(2003)WF5E & B, HEFRILEY Solina 7K JF W R &
& B FR AL 7KSF Dobezyce il Sulejow 7K JE 7 i 4 /b —
NECEG, R RN E B R R T KIESE
2 2SR RGE T KGR 25 B B AH G
P (Djemali et al, 2009; Fgy1L 4%, 2008; Wang et al,
2013), oA fE i ar it B T oK X, HK IXIERE
M EE, HH KA E Wi (Blaber et al,
1980), Linehan Z£(200 )53, Bk G248 hin
% £6 (Gadus) 41 £ 8 A & P f S B i XURS: o 6T
IKPER A X AN AT LA 2R R AL B A B b, 2
Az B R, B, A% A s TR
IKIX

AN, AR RBL, AR BAniE RN S
K R EE L TP, CODMn 2 i 3% fi#5¢ , TP, CODMn
(B2 S 7 PRH R s B, R, R R A X
g L S, H AR R B R/ o KRR R i £
AR EZER T, KRR  fEAk
AR AV L P, 3 Y B AR A R T S A
AU AR, B, 0 2800 IR & f0 25 ) Kl &
i X 3 (Ribeiro et al, 2006; B KLASE, 2011), ME
M) = ZARBLAE R 5 #EE 2 A~ J7 1 (Cyrus et al,
1992), 0] A A v A ek B skt S Bl il £, 3G fn
TERY A A7 RE 1 (Whitfield et al, 2012), —AEHL T, bl
JE A v P K L TR 5 )~ PR AR AR RT3/, R AE )
B E AT B R, A M T AR slam et al,
2006). 75 —J7 T, JhEE L i B K BRER B A R TR
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Spatial Distribution of Fish Resources and Its Correlation with Environmental
Factors in the Hongchaojiang Reservoir Based on Hydroacoustic Detection

ZHOU Lei"*, LI Yusen*", SHI Jun', HAN Yaoquan',
KUANG Tianxu', WU Weijun', LEI Jianjun', HE Anyou'"

(1. Guangxi Key Laboratory of Aquatic Genetic Breeding and Healthy Aquaculture, Guangxi Academy of Fishery Sciences,
Nanning 530021; 2. College of Marine Sciences, South China Agricultural University, Guangzhou 510642)

Abstract To determine the distribution of fish resources in the Hongchaojiang Reservoir and its
correlation with environmental factors, the fish resources available in the Hongchaojiang Reservoir were
evaluated in April 2018 using an echo detector (EY60, 200 kHz). According to the results, there was no
significant difference in fish density between day and night in the Hongchaojiang Reservoir (P>0.05);
however, the mean target strength was greater in the daytime than in the nighttime (P<0.05). The mean
target strength in the day and at night was (—43.30+0.32) dB and (—44.50+0.26) dB, respectively, because
small fish between —60 dB and —54 dB (60 to —57 dB and —57 to —54 dB increased by 9.25% and 4.76%,
respectively) increased during nighttime, while fish between —54 and —48 dB increased during the daytime
(54 to =51 dB and —51 to —48 dB increased by 7.42% and 5.27%, respectively). Fish distribution in the
Hongchaojiang Reservoir displayed significant spatial variation (P<0.05). Fish density was characterized
by higher density upstream than downstream, and higher density in the Reservoir branch than in the
Reservoir center. Average fish density was 109.52 ind./1000 m® and the maximum density was observed
in the upstream S3 site, with a density of 330.21 ind./1000 m’, while the minimum density was observed
in the downstream S8 site, with a density of 21.50 ind./1000 m’. Correlation analysis revealed that fish
density distribution was positively correlated with total phosphorus (TP), permanganate index (CODMn),
and chlorophyll &, and negatively correlated with water depth (P<0.05). Fish target strength exhibited a
significant negative correlation with water temperature, turbidity, TP and CODMn (P<0.05). The results
suggest that abiotic factors such as chlorophyll a and TP drive the spatial distribution of fish in the
Hongchaojiang Reservoir. In addition, the results also reflect the influence of biological factors (fish bait,
escape from predators, etc.) on fish distribution. The results of the study provide insights that could
enhance our understanding of the distribution of fishery resources in the Hongchaojiang Reservoir.

Key words Spatial distribution; Environmental factors; Hydroacoustic detection; Hongchaojiang

Reservoir

D Corresponding author: HE Anyou, E-mail: heanyou2000@aliyun.com



