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U RPRS ik

1.1 RiEHhR

FAA L 7K JBE (22°52744” ~ 22°56'05"N, 113°
51'37" ~113°54'39"E ) fvi F A 56 1 K B BUR B ifg
U P L AR b N K2R A T T AR
54.2 km® , IEH KA R 24 m, 15 K A7 E 28 R
3.97 x10" m*  JKIRIABIZ 8 km® . ARSEKSS R
A o ,2012—2019 4FFA A 1L K JEE K &N
(0.233 £0.057) {2 m’ CFBIME + b2 ) , Rk
RIKPE . 7K R HAL pE G 22 U X, B S
R A RN TR L H OB AR VR K TG R
KR, AF R 22,6 C L F YRR R 4
1 831.7 mm,
1.2 R#EFHE

TEMMA LK JZEBEE S1.92 Fil S3 45 3 a2k
SRREE L KR M R (5.0 £1.5) m (8.4
0.9) mM1(9.6 £1.0) m, S3 3 /5 {7 F 0
T, RINLA A AN 378 A A7 — A& 18 7K 3L, 638 X i
TR 2 I 1] L, R e A s DA A QG 22 X
P EX R E S (K 1) . F 2019 45 .6.7,
9 FN 12 AR Z M H ) 0 7E 4% o il AT 2SR
FE, 28l 5 1 1 52 oK BB AR 2020 4F 1—2 JJJF
JE 1 R K579 F1 12 Aoy RIRIIEER
FRAY O T IS R BZ K R Y £ 2 R LU
KISV RENS T 28048 2 5 40, AUR 215 (A
) AR G it 53 A, AR R 2019 4 6 F Budl .
FEASSRAE S AUCE | BEE A E 1 BIKZ
ZMEHM, BEZME MG 12 4ME 1.0,
1.251.6.2.0.2.5.3.1.3.9.4.8.5.8.7.0.8.6
L0 em) A, ME K/ A 1.0 ~2.5 cm
A4 2.5 m, HAR K 10,0 m, £ i B2
Bk 1.7 m, BEALIBOK 2R AE AU B 25 Ak K
T 58 B2, Je 75 K T 2 166 m, ~F- 34 7K T 58 B2 ok
(527.08 £211.38) m, 7 A% W H 1) H %
Fo AR K B U A AR B0, FF R T T4
WA K & o B, % A& B IE 28 R
%, 0T PRI S N 5 N B2 4 RO
FRTE (T, AR A Al 455 0 . B A T
/R 8:00 ZEA7IM 2 h R BRI
FEAARIE (7 ARk 3 E) P BT Fh 2R 2
[ (0. 1 em) FMABT (0. 1 g) 400
AT

N
o AL L4
22° 56’ Si%gsh@nﬁiﬁ?ﬁ?hﬁ?ﬁ:h
industrial development zope

22° 55’
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g
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22°53't o SEREA
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1 km

[Sn—

2

2° 52!
113°50" 113°51’" 113°52" 113°53’ 113°54’ 113°55'E
2% Longitude

1 MARWLKREREMSRS T
Fig.1 Distribution of sampling stations
in Songmushan Reservoir

TERE AR [l i, R AR5 X 2 24k
KI5 53 A7 AL (YSI profession plus ) 337 I 5 7K it
(WT) HL 3 (SPC) i 48 (DO ) F1A e 14 [
RS (TDS) 5 2R JH 2E [ (Secchi disk ) il 1 7
HARE (SD) 5 2R JH pH AL (pH-902) 5 K 4 pH 5 K
FHAEAE A I R A (SM-5) I % K B ( Depth)
FRK AR ERZHIRZKIES S LIRS G R
i1 000 mL /K FE 47 ] 5255 %, AT KR B A
(TN, HJ 636—2012) , ;& ®% ( TP, GB 11893—
1989) 7 fil§ieh (NO,-N , GB 7493—87) i th
(PO,"-P, GB 3838—2002 ) . % %A ( NH,-N, HJ
535—2009) .5 4% R £h 48 8 (COD,, , HI/T 132—
2003) Fint2r 3% a( Chl. a) E
1.3 #iEszit

SR FHRH S B S 8 B0 (TRT) SR Ay i 8 2R 1 v
DL H

Iy = (Nx100 + W x100) x F x 100 (1)
T s T A B SRR B N Ry S b R B
SURBEARXS 22 58 W oy FOT & oy 55 o 1 A X
Jit s F Oz ah g B, # TRT =1 000 194
Rl ML AF

K B A Mg & il 28 (abundance biomass
comparison method , ABC) FEA #A A 1L 7K 2R £ 2
VS BT IR, WABAE ABC iy —
Mgiti. WRYBUES L -1,1]: 25 Wi T 1 i,
RUPDKEARZ R TI: 5 WlEaT -1 1, £PK
RSB T 24 W AE 0 B, KKk
BT,
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i 31 %

g

Fe 7 oyl s RK )2 Gt S0 A
P4 S PB4 45 55 ) b i A (CPUR) |, R
A 4 B %5 ) & i gk B & [ NPUE, ind./
(1000 m® - h) ] 18007 4l $5 %% g 5t o 3R
[BPUE kg/(1 000 m* - )17 I S5
FEDTI IR W 18] %) 22 5o 3 BT s Be i A 0y
BHE AT J5 AR BCE SRR ST 7 R 4, 0k il 2
RS AT 22 55 M A EUIE FEAT O AR ¢ K
5y, W HEAT Wilcoxon FLXFHEARESBR T, X
5.7.9.12 J RAE How e AR o34 7 22 551
(8530 R T 53 PR 2R 5 22 3 BT ( One-way ANOVA)
TRt CPUE 71 Z= 7y [|] 1 22 5 ¥, & W 2 47
Kruskal-Wallis JES845 5 .

F W Fh NPUE Bodl 4T 20 b DL f
KRN TE =47 () Y 22 5 R AMT I ik Ry
YPRED  BE L d = 1 - r(r HK
JREMAHIC RO VE A VAR bR, L d =0.3 4E
R REE R R

FIH Canoco 4. 5 BRAFERT W) F 5 31 555
HFZ AR, ¥ L aRBE A pH
AIERSE I TR T 1g (v + 1) Beffe, 56,0
T8 2R Y R B B R AT xR o) b
(detrended correspondence analysis, DCA ) , 15 2| Hf
FFgl B RBE BE B Oy 3.3, i) LR F U A /0 M
(redundancy analysis, RDA), RDA 43 # /X &
ANPREEAS e 1 H R S 3 R SRR U e
LM (P <0.05) , LA & X a2y fh oy A Ay
S HMSAE R o NV RS, R T &
Bro

2 4k

2.1 BRBTEENEIE
2.1.1 Wy eE B Il

2019 AFEFEFAA LK FE L4 5 2] 17 Fpfa 2,
Fit1549 B, k@4 HoRH(FE 1), H 6P
HiWMEUE 2, A 1 B 10 F(58.82% ) ,
UCONERIE H (3 B4 F,23.53% ) FEEHE H (1 # 2
Pl 11 76% ) , 8 B a2 & > (1 B 1 Ff,
5.88% ), YAt R LE R T ETEL K, H
SEBR A B A EGR B T WA (18.6) 1Y
91.2% , L& 2,
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Fig.2 Species accumulation curve of fish
community in Songmushan Reservoir

PR KIERJr (£ 1), EJE 210 Ff
(58.82% ) , A N 24254 F1(23.53% ), N2
KIF(17.65% ), BRI (FR 1), B
025 14 Tl (82.35% ) , AH £ 1A £ 1 #1254 3
2 R (11.76% ) il 1 Fii(5.88% ),

W EE LL; ( Toxabramis houdemert) PR 5 &
4 Xf L # (NPUE 5 Lb 45. 72% ), Hik ol &
( Hemiculter leucisculus, 18. 79% ) . J& % JF #)
( Oreochromis nilotica ,11. 69% ) F13& 3% [, 77 JE i)
( Oreochromis mossambica ,8. 88% ) , H.4x 13 Fh 1)
NPUE (i [t B (K T 4. 6%, J& % dF 8 Fn &
( Hypophthalmichthys molitrix ) 55 1 155 2 i
HE45H (BPUE (5 Ho 4030 34. 60% Fil 29. 63% ) |
%:(9.76% ) 4% ( Cirrhina molitorella ,9. 48% ) . %L
F AR (7. 40% ) FEE e R (3. 87% ) 4351
3 ~6 fii, HAth 11 F(%) BPUE &5 [LIET 3.8%
AAFXS H B 48 B (IRT) SR A, D0 3 Rh 16 7 1B
fiff (IRT (5 Lt 29. 66% ) . % (18.98% ) | Je % JE il
(18. 46% ), fif (14. 85% ) il 5L 5 L 5e qF &Y
(11.36% ) , W3 1,

2.1.2 FR/ Y A2

FAAR LK FE A STV 11 ABC {4k (1] 3) Sk
AHEE, H WAEN -0.022 4,750 {EHHT, £W]Z
IKPEA RS 23 T SRR T,

2.2 BEBELEMFENAGEL
2.2.1  WyFpdi i A 4221k

HRYERI ST HT (] 4) G55 AR 1L K a2
Ykt A A 0y 18] TG 3 25 S, 1 R DL 1
NPUE% f 155 (52.31% ) , ok % (15.77% ) F
JEF IR (10.26% ) .
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F1 BARLKESLBEEDFNER
Tab.1 Fishes species composition of Songmushan reservoir
H Order/F} Family YFp Species R H Gear HT FFG IRl % NPUE/% BPUE/%
#E7 H Clupeiformes
#R} Engraulidae + 2245 Coilia grayi ab MU [0} 0.79 2.29 0.68
JRUF Coilia mystus ab MU (0] 1.32 4.54 1.12
#19% H Cypriniformes
i} Cyprinidae Eiffi Ctenopharyngodon idellus b MU 0 0.02 0.04 0.56
SEH A Erythroculter mongolicus b MU (0] 0.00 0.05 0.09
4 J7 L% Pseudohemiculter dispar ab MU 0 0.02 0.14 0.16
WG 5 U Toxabramis houdemeri ab MU 0 29.66 45.72 3.87
% Hemiculter leucisculus ab MU (0] 18.98 18.79 9.76
% Cirrhina molitorella ab ML [0} .10 4.23 9.48
i Cyprinus carpio a BE (0] 0.01 0.04 0.21
W) Carassius auratus a BE (0] 0.04 0.19 0.38
fi Aristichthys nobilis b MU G 0.04 0.07 0.53
5% Hypophthalmichthys molitrix ab MU G 14.85 2.30 29.63
I H Siluriformes
B} Clariidae N Y Hypostomus plecostomus ab BE P 0.27 0.55 1.07
i H Perciformes
Wi R} Cichlidae BLZ& LY TR Oreochromis mossambica ab ML 0 11.36 8.88 7.40
Je B AE# Oreochromis nilotica ab ML 0 18.46 11.69 34.60
fi j& i B} Gobiidae F-BEW) il 8 £ Rhinogobius giurinus a ML 0 0.00 0.11 0.00
A 44RL Anabantidae 10,5528 65 Anabas testudineus a MU [0} 0.08 0.35 0.48

IRI, NPUE[ ind. /(1 000m? - h) ] or BPUE [kg/(1 000m* - h) ]

10 031.69 152. 46 9.84

TEa YOR; bR, HT. G268 (MU, H B)Z ML HR )2, BE JRJZ) o FFG. SR ShRERE (G AL, O. Av 'tk P Pyt o

Notes: a. benthic gillnet; b. floating gillnet; HT. habitat guild ( U.

herbivores, O. omnivores, P. carnivorous).

100
=
N
S 80
=]
- g
RE 60
=S -=- £ Abundance
K 40 = 4 Y& Biomass
BR'D W=-0. 022 4
=
g 20
=
S
0
1 5 9 13 17

F¥HF Special ranks

B3 MARWLKEERKRER ABC #HLk
Fig.3 ABC curve of fish community

in Songmushan Reservoir

2.2.2 FNRPTSS R R A R RO A TR]

A2k

Prfi %k .NPUE 1 BPUE 7 H {5 [8] ¥ G 2. 2%
P2 (£ 2,P>0.05), BAPHANE,5.7.9
12 AR YRR 5 o 13 .9 BT R

8 fifto
2.3

£ KRR AT P FE ) 18] A
3y NPUE H1 BPUE 3 9 2 5 T I0 M, 45

upper, M. middle, L.

lower) ; FFG. functional feeding group ( G.

(=] (=] [=) (=]
—_ [\~ [\ w
[ S a1 S

HIXPEE Linkage distance

[=)
—
S

—

—

0.05
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12H
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B4 WMARLKEGEFEREXIN

Fig.4 Cluster analysis of species composition of fish

communities in Songmushan Reservoir

YA AR ) 0 R BOR S, T 1 8 7 T LT
KA TR FE 25 (P >0.05,%3) . BH
AEIYIR], L AR RS20 0 20 R &) ) o 14 Fif

013 Fifr,
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R2 BEHEYMBMBMHEENEEREEABNERE(FHE +HFER)
Tab.2 Significant test for differences in species number and
catch per unit effort (CPUE) between months ( Mean + SE)

;" Month 2 af
2% Parameter H 0 Mon /;/ % FAE p
5 H May 7 H July 9 H September 12 A December  x or F value
W %L Species number 6.00 £3.51 6.33 +0.88 4.00 £1.52 5.33+0.88 3.667" 0.300
BT 5E 0 e v AR .
223.44 +124.84 206.77 £52.57 86.65 +44.61 148.28 +64.93 . * 0.284
NPUE /[ ind. /(1 000 m? - h) ] * * * * 3.800
ERDEHEGE PRI R .
17.71 £4.88 6.27 £2.20 2.78 £2.38 15.62 +7.83 . o 0.170
BPUE/[ kg/(1 000 m® - h) ] * * * * 2.169
TEHE 6 B LARS « A w w TR Y FF
Notes : Superscript “ * 7 and “ * * ” represent y* and F value in the sixth column, respectively.
R3 ZHEEEMBAMHEHENEEREERMSZNENE SRS ( FHE £ REIR)
Tab.3 Significant test for differences in diversity indices and catch per
unit effort (CPUE) between benthic gillnet and floating gillnet ( Mean + SE)
P K i Z sk« {8 .
Parameter Benthic gillnet Floating gillnet Z or t value
WyFP%L Species number /Ff 4.40 £0.65 4.13 £0.63 0.452** 0.658
BRSSO NPUE /[ind. /(1000 m? - h)]  142.92+8.37  162.43 +14.33 0.454 0.650
FAATAREE S ) sk i BPUE /[ kg/(1 000 m® « h) ] 8.84 +£0.99 10.85 +1.35 0.511° 0.609

TE ISR BBy 1457 = 70" w7 0 RIACER Z (A ¢ {H

Notes: Degree of freedom is 14 for all the parameters; The superscript “  ”

SR M A, 2 2H T I AT 19
[ AFAERR B8 3 22 53 (x* =353.4, P <0.001,df =
16) o R AR TR NPUE I 2% T3 M (P <
0.05) , B4 3 L ya ARG, J& % Al | & f55 i R 5%

and “ % 7 represent Z value and ¢ value respectively.

( Coilia mystus) 1Y) NPUE 7€ % H.2& 71 [a] ¥4 G i 2%
PEZES(P>0.05,44) , HoAth 11 Fp#a2510) NPUE
W2tk (P >0.05)

R4 FEREXNBAMFENERBRBEBERMINZNEEZFERE (FHE £RER)

Tab.4 Significant test for differences in number per unit effort (NPUE) of the main

fish species between benthic gillnet and floating gillnet ( Mean + SE)

YiFp 4 Species UL Benthic gillnet %M Floating gillnet Z P
TR T. houdemeri 50. 60 £25.55 88.82 +31.30 2. 040 0. 041
BEZ W FAEM O. mossambica 12.24 +3.32 14.83 +8. 82 1.224 0.221
Je BHE 0. nilotica 12. 64 +6. 63 23.01 £12.20 1.183 0.237
% H. leucisculus 33.13 £12.03 24.18 +10. 05 0. 157 0.875
## C. molitorella 10.43 £5.69 2.47 +1.67 1. 007 0.314
RUEF C. mystus 12.48 +8.18 1.38£0.79 1.483 0.138

2.4 BXYHSHERERFZEBXR
RDA 3t 3R W1, 55 1 AN 56 2 JlRe b E
0.257F10. 113, LA R T 28R 37. 0% [ )7 2%
fHo 265 15265 2 B S Fh 5 BB K 1 A OC
PEAF 54 0. 844 F1 0. 831, = B Fl 5 3185 [
FAABSRAAEENE, 25 1 Hh3F 35 TP(0.630) |
pH(0.404) F1 SD(0.290) IEAHIC: 25 2 i 22 5
pH (0. 728 ) H1 TP (0. 235) IFE /] &, 5 SD
(-0.701) A%, Je B AEE 5 TP F1 pH 1EAH
%, VA U AN RUBE 5 TP Fl pH B AH G, %5 i
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3.1 FAURIKEE B BRI

GERRI] AR IR FE M 2R VR 4 i B 4
AR (1) ANEU R B 5 AN, an g v L6 (
REPEEE R 7.4 em JEEIH1.0~12.2 cm)
A% (13.7 em F16.0 ~19.6 cm) Fp/NEIfA2R &
i1 NPUE 43 51 5 #F & NPUE [y 45.7% F1
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18.8% ,—J7 Tl , i B Fili 5 4 i pl d 28 /N TR
H ETAS A L 7K 2 A7 AE ¥l A= 7= 3 3l e £ 484K
DRI 3% 50, DRt L2 0 B o A 455 0K DR il
TR 2K PR A AT L B B LA RO 5 A it
TS5 T £ 2 19 /N A 18 R 75 17 05 95— J5 T
K /N A0 2 5 U T g 5 A BF AR
F o JELA 5 , 0] 00 6 £ 2 K /I ) e 6 P, LA
2% NPUE B R/ 38 i 2 48 8GR R
AWFRRHZEZ M E R, &N ERA 1
em, I H < 2 ecm {19 4 A~/ HR 3R P8R
T MR 55.3% o (2) APK AR FIER B
JiE b AR E AARILKEC A 4 ok
SRR (i SRR 23.5% ), f45 2 R AR
(L& L ya AR AN e & AR ) T 1 5 4
iy P L2 R AR E, CO K R B
b, Wi ) NPUE \BPUE A1 IRL 76 8% 9% o (4 o
3k 20. 6% 42.0% 1 29. 8% , 5% ka2
T AFAE T AR SE W i K 38 HL.E Rk a3k 9 1) &
B RT3 (3) BT IR K
P #1285 22 85 T 1 780 £ 285 KU 3k 2 ik I £
KAl IFEHOK RS L R T kKR, AR SETH

1.0 pH

OreN

CoiG
HemlL - oi OreM
J’P_ TP

22 CoiM

-1.0 sD

0.8 0.8

CirM. % ; CoiG. £ 228%; CoiM. N\ {5 ; Heml. %; HypM. fif;

OreM. 5EZ LLSEAREN s OreN. JE BHEEY; ToxH. 1T L85 .

CirM. Cirrhina molitorella; CoiG. Coilia grayi; CoiM. Coilia

mystus ; HemL. Hemiculter leucisculus; HypM. Hypophthalmichthys

molitrix; OreM. Oreochromis mossambica; OreN. Oreochromis

nilotica; ToxH. Toxabramis houdemeri.

5 FEBEFEMREETF RDA SiTHFE

Fig.5 RDA ordination bioplot of major fish

abundance and environmental factor

BT S 14 4R Y145 K P28 6 ) TR ol REAE —
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Structural characteristics of fish assemblage and its relationship with
environmental factors in Songmushan Reservoir, Dongguan City of
Guangdong Province
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Abstract: In order to explore the structural attributes of fish assemblage and its relationship with
environmental factors, and to reveal differences in structural characteristics between floating gillnet and
benthic gillnet, fishes were caught from Songmushan Reservoir of Guangdong Province using multi-mesh gill
nets. The results showed that 17 species, belonging to 4 orders and 6 families, were collected, with the most
species-rich order of Cypriniformes ( 10 species). The index of relative importance ( IRI) indicated that
Toxabramis houdemeri ( IRI: 29. 66% ), Hemiculter leucisculus ( 18. 98% ), Oreochromis nilotica
(18.46% ), Hypophthalmichihys molitrix (14. 85% ) and Oreochromis mossambica (11. 36% ) were the
dominant species, with T. houdemeri having the highest number per unit effort (NPUE: 45.72% ) and O.
nilotica possessing the largest biomass per unit effort (BPUE: 34.60% ). No difference in fish composition
between seasons was detected by cluster analysis, and no differences in species number, NPUE, and BPUE
among seasons were observed. The species number, NPUE, and BPUE did not differed significantly between
floating and benthic gillnet. However, a significant difference in numerical composition of fish assemblage
between the two types of gillnet was tested, which was responsible for T. houdemeri. The significant higher
NPUE for floating gillnets was found than that for benthic ones, but no differences in NPUE between them
were detected for the other five fish species. Transparency, total phosphorus, and pH value were the key
environmental factors that could be used to explain the temporal and spatial distribution. The results suggested
that the low species richness would be related to the small area, low connectivity, invasion of alien fish
species, and dominance in inflow river by men-made discharge ditch of this reservoir, and that the floating
and benthic gillnets should be both included in sampling procedure for future study in fish community ecology
of reservoirs.

Key words: Dongguan City; Songmushan Reservoir; catch; fish species composition; CPUE; environmental

factor; benthic gill net; floating gill net
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