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(4.30% ) AHXFHE /N T JR 340 7K 0 U LS AR gl 4 A0 g Sk 2 AR 3R A 35 AR 5 RD Sl R A % ( Daphnia
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Effects of Snakehead Culture on Zooplankton Community Structure

ZHAO Chao ZHANG Hong-Hai® CHEN Lei SHA Wei-Lai SHU Feng-Yue ZHANG Jin
College of Life Science, Qufu Normal University, Qufu 273165, China

Abstract: The effects of snakehead ( Channa argus) culture on zooplankton community structure were studied
by the comparative research of snakehead culture pond to surrounding areas including drainage region and
Nanyang Lake. The results showed that species number (24 species) and density (1 032 ind/L) of
zooplankton in snakehead pond were dramatically lower than those of surrounding areas ( the species number
was 64 and 65, the density was 1 995 ind/L and 2 569 ind/L in drainage region and near lake region,
respectively) , while biomass (4. 65 mg/L ) was significantly higher, which may be attributed to that biomass
in snakehead pond was mainly composed of macrozooplankton (95.70% ) such as Cladocera, Copepoda and
Nauplius, while micro Protozoa and Rotifera have a lower proportion (4.30% ), but they were the main
component in surrounding areas. Different from the surrounding areas, the dominant species in pond were
Daphnia magna and Brachionus calyciflorus. Comprehensive analysis of dominant species and diversity index
showed that snakehead pond was moderately polluted, drainage region was mildly to moderately polluted, while
waters near Nanyang Lake was slightly polluted, which indicated that snakehead culture had resulted in

pollution in surrounding areas.
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o AW BT AL RE i 3 J AR B A 0 A R 2
R A 28 O T 2 A (SR I A 2003) o 7F
e S AT AR by 37 K A e 22 % £ 2% ) o AR
(XK RS 2012) , A5 ] 38 5 HE A 2 20 0l K 2 B
P B MR B R S A 25 R LR S Al 5 T g
(Tavernini et al. 2005, 204414 2006, ZAE K%
2006, FHiT5 2012) . [AIMF, V77 S0 AS R 2R HEXT
PRI A 3 N BE 1 BAT B I 22 S, DAL O v 4
BAREFR A8 £ R A A 7K A4 W 1) 248 A,
) P e A I A S PR 10 Jo e (KA R 2002)

IR Tl B DL ™ & 8 ( Channa argus)
P 45, 254 vh [ 6l 2 &7 S5 T A 4
N Z ULt 5700 S X Fh R 7 R R T 57
B, 4R vy 1 BRI B 2 B (E £ 0 O R
REBCT /K 00 T e WA K SR8 T 7K HE i J] 34
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1.1 #HAREE HRRKISRGTFILASFTN
IR, TE 00 SR A IR ALK X &8 2 A
3 R BE K S T AR RS e HEK XA
AT PF A K SRR A A Ry et R I M 5 A T
2554 700 m*  KIRL) 2 m, HEAK X a3 50 1) HE
HFRAE V5 K R X R, HE K XK AR R 1) T RH o
3T 2012 4E 8 A A1 A #EAT T 2 R4,

1.2 HRARELETES5iTH

12,1 EMARA  LL25 SR N 7 K
PLIF 0.5 m AbfE“ o 7 JE ZZ 18 3K [0l 4 3 3 ~
5 min K UE IO FR A B TR, IR IA 4%
FH TS V5 R 1 5, 2R 47 T i 8 0 B 28 M e (A

16451979, ThERITE4E 1990, % AR 45 1995, JE
R 4§ 2005)

1.2.2 ERbRA  JEA Zh W) M e bR A
i 1 LA PLBE I R K 25 0547 R4, RERS
B LKFE, 5 A6 8F [V i, 4 o] 52 50 &
FREULTE 24 h J5 ¥ 45 % 30 ml, X A A b 4% Fp
J5AE B RS BT, F e s R AR
AR, DA 1 LA HLBEHS KK 25 510 LK, JF
FH 25 5 P2 U 25 W0 I3t D8 K 08 IO B AR R
FERE I 4% B 5 W 181 5, Wk 40 1 A A
S AT AT

1.2.3 AYREnitsE wBRENEEDIYH
0. 000 05 mg 5 H >4y 0.001 2 mg FE250.02 mg,
BRI 0.007 mg JE 1541k 0.003 mg ) fif i it 46
BRI BN A i CRRHE 1994) ¢

1.3 BESW 17 W L SR AR 48 1 B

VARSE Y =+, Y 0. 02 7 {45

it (X5 2% 48 2007 ), Marglef £ &5 JZ 45 L
D = (s - 1)/ log,N; ¥ #h Z FE 4k 19 315K H

Shannon-Wiener 2 £ M 45 . H' = - ZPL
i=1
log, P, ; W) %h 35 5 B 48 BOCR F Pielou ¥%5) FE 4R
" . H' . NI "
BN S = S R
2

FLN g @i e sh ¥ S RECE L o 5 AW iy
AR s AR SRR, P, = n/N
DHO~1 NEHY 1 ~3 hinge, RT3 H
BERGYHEO0 ~1 HEGY, 1 ~3 iy
e, RT3 BTG JH0~0.3 FHE5
0.3 ~0.5 Hrhy54e 0.5 ~0.8 Kiguk L5
e (PLHRZFEFE 1990) o

1.4 IFFEFUE RAES SKEEIE B
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PR R (R A EE K W D o3 B O7 R D) e R
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Table 1 Investigating results of environmental factors

A §s¥0

422 .
Total Total AR a
. Chlorophyll
nitrogen phosphorus
a (pg/L)
TN(mg/L) TP (mg/L)
Stb,
IR LR 9.56 0.62 27.03
Aquaculture pond
TKIX.
H JFF . 9.04 0.37 79.17
Drainage region
S I
3B X 3.26 0. 08 26.21

Near lake region

2.2 FiHEShMEOMEER KK
KRB I 1 ORISR 2 i) DX PR iy 3h W b
Bie 2, 30 65 B, 46 AL S W) 29 Bb, fe iR

29 Bh AT Bl O HEAK X, 4L 64 i, {1
FEI A S 17 B e d 34 Bl RS 12 B AR
JEIE 1P 3R Y A B D Sk 24 B B
/N T At W 7K I i 20 0 e R, L R AR B
Py 4 Fh 510 B A AR 2 8 B, BR R 2K 2 B
Ji A Bh i RN ) P AR B AS TR K 0 22 4R
S W, SR g R B WY N T A K B
2.3 EiEHMNIEE FEARAREAES, R
b 3 HEZK DX 80 DX 45 20 V7 it 3h 10 11 2% 3
AR AU 3. T X TR U o R Y
{EAE £ AR ALK I B, 2 2 569 ind /L, 1
HAEY B AR,y 2. 85 mg/ L, S5 1t 3% 19 % Ui
S B A BN, S 1 032 ind/L, 1 H A W)
i, o0 4,65 mg/Lo 3 FoK I A5 AR A2 ]
TR Sh W R R R A ) 25 RO B
(P>0.05),

5 B Tt 3 TG T A A 1 B R R AR ) BT A L
153 ) B B,k 53.78% il 34. 84% , FLyk 2k
JEIE, B R A ) E ) 43 oA 22.38% FI
34.84% , [H WA 5% BH i 3% LTS T G A b 2
SERITENE S R TEHEK X FE B %
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Fig.1 Species number of zooplankton taxa
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Table 2 Appendix list of zooplankton

FAMGE HKX X FEAMHE  HOKX JEEIX
Aquaculture Drainage Near lake Aquaculture Drainage Near lake
pond region region pond region region
N5 4 H Vorticella sp. + +
Arcella megastoma I B8 B Anuraeopsis fissa + +
W3l 5T B AL vulgaris + FHE AR 805 B AL navicula + + +
ol [ 7S + + T S48 U Asplachna priodonta + +
Centropyxis aculeata Sh RS U Asplachna sp. + + +
[ 7 1 Centropyxis sp. + + B H 4 4 —Fh Bdelloidea +
TR I3 7 ol + 1R A + + +
Cyclopyxis deflandrei Brachionus angularis
[ 72 5 Cyclopyxis sp. + bl Be et gl + + +
RT3 + B. budapestiensis
Difflugia acuminata HApRE 5 L B. calyciflorus + + +
SRR 5 + R R4 B B. capsuliflorus +
D. australis minor R R % W B. caudatus +
¥ Hb5E L D. avellana + + Y 56 R B. falcatus +
BT 5E L D. difficilis + + BYTY R R AL B. forficula + +
TG B A + 2L R4S L B. schizocerca + +
D. difficilis ecornis TR B4 B B. urceus + +
% Frbse L D. glans + + & % . Brachionus sp. 1 + +
BRI X O abss + & % . Brachionus sp. 2 +
D. gramen globulosa T ff BEAERS L Conochilus unicornis +
Kb 72 B D. oblonga + W% Bt Dicranophorus sp. +
RS 7S B D. urceolata + B = W% L Filinia brachiata +
W 7E . Difflugia sp. 1 + K =R W F. longiseta + + +
w72 W Difflugia sp.2 + = RHE R Filinia sp. +
Wb 5E H Difflugia sp. 3 + A SN B Hexarthra mira + +
A1 R . Askenasia volvox + NI £ H %6 By Keratella cochlearis + +
A% B Cyelidium sp. + B fu 4 L K. quadrata +
2 B W Ciliate + A4 B 56 K. serrulata +
£ B W Ciliate + i1 i FH 56 e K. valaa + + +
PAIRHT R I + H I % i Lecane buna + +
Didinium balbianii B BLRE 5 B Monostyla bulla +
K i Dileptus sp. + EM R Z 5 B Polyarthra trigla + + +
8 i WU Litonotus sp. + %455 L Rotaria rotatoria +
WRIK A 7 + % H Rotifera sp. 1 + +
Tintinnidium fluviatile % L Rotifera sp.2 +
MIERIE 52 + 4 1 Rotifera sp.3 +
Tintinnopsis cratera PEE e . Synchaeta sp. 1 +
FRMBFER T. wangi + + + PEE e W Synchaeta sp. 2 +
KA Bl 52 B T. longus + + 55 R R + +
TS I T, utuformis + + Trichocerca capucina
VLA BUR A T, iangsuensis + v | SRR T lophoessa + +
FRARRL4R 52 8L T. subpistillum + s/t T. pusilla + +
A48 72 B T, sinensis + + B F R B T. rousseleti + +
Ko rpAE D48 55 + + S SRR L T similis + +
T. sinensis var S5 W Trichocerca sp. 1 +
T8 LA e T, wusihensis + + S5 H Trichocerca sp. 2 +
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FAHYE  HEKX EBIX FREHMGE KX EBIX
Aquaculture Drainage Near lake Aquaculture Drainage Near lake
pond region region pond region region
K451 % B % + + + /NHi % Daphnia cristata +
Bosmina longirosiris 1% W 3% Daphnia hyalina +
HUlH A + i R 75 % +
Bosminopsis deitersi Diaphanosoma brachyurum
2T X 2% + K F K E D. leuchtenbergianum + +
Ceriodaphnia pulchella IR Moina sp. + +
BB 3 W 3% Chydorus ovalis + Fh Ak 7% Sida crystallina + + +
[k £k 1% Daphnia carinata + + % %51 1% Simocephalus sp. 1 +
K Jil 3% Daphnia longispina + % %5 % Simocephalus sp. 2 + +
K A& Daphnia magna + + + #J7/K % 1 Cyclopoida 1 +
PE L% Daphniopsis tibetana + + %17k & 2 Cyclopoida 2 +
C+ T RIORIZKE YRR, ¢ + 7 Indecites the species in this area.
£3 EABITHEDUNBEMEYENE
Table 3 Mean densities and mean biomass of zooplankton taxa
Fea HEA K WX
Aquaculture pond Drainage region Near lake region
Y {E el (% ) - ME el (% ) T3 et (% )
Mean Percentage Mean Percentage Mean Percentage
JE A B % J% Density (ind/L) 30 2.91 203 10. 18 270 10.51
Protozoa A=) H: Biomass(mg/L) 0.01 0.02 0.01 0.32 0.02 0.70
it % J& Density (ind/L) 158 15.31 1 605 80. 45 2 280 88.75
Rotifera 4= ¥ & Biomass(mg/L) 0.19 4.09 1.93 62.26 2.74 96. 14
SRS % & Density (ind/L) 58 5.62 34 1.70 1 0.04
Cladocera H: ¥ H: Biomass(mg/L) 1. 16 24.95 0. 68 21.94 0.02 0.70
AR % J% Density (ind/L) 231 22.38 7 0.35 2 0.08
Copepoda 4= ¥ & Biomass(mg/L) 1.62 34.84 0. 05 1. 61 0.02 0.70
R RAILLN % & Density (ind/L) 555 53.78 146 7.32 16 0.62
Nauplius A= ¥ Biomass(mg/L) 1.67 35.91 0.43 13. 87 0. 05 1.75
e % Density (ind/L) 1032 1995 2 569
Total H: ¥y Biomass(mg/L) 4.65 3.10 2.85

JEE 3 W o A I W0 DX SR 9% R R A A L 45
Sk RAE , N 88. 75% F1 96. 14% , K f425 |
198 1 2 S5 R RL T e sl ) ) TR R A g L 41 2
BHR/ME
2.4 RBF AR I K BRI
UL 4, A [8] 7K S8k e 7 1 3l W DIC 4 Fof A AIG 4 Aol
TR 5 A5 A 22 5, R B 3R 00 B8 Aol Dl R B 3
AR R A HL, HEAK XL 35 b 32 2200 IR fu 1
i"ﬂ“i BHEEZ he By M R R AR R E IRl
HCEAERE R AR R K =R L T ) XA
ﬁﬁﬁ%ﬁ/%[ﬂ?ﬂi B R 22 R A IS /) S e
R H, MR R AR HUO AR A I FHEAK IX i 3

A AR, BRI 8 T R BB i 22 RS RO HE
K DX ) X 18 A R 3R

2.5 EFEaMBsSESESH KBRS
) Shannon-Wiener 22 #£ 14 35 %% . Pielou 15 %]
TR Marglef & B8 B UL 36 5, 45 T 45 K48
e H B g i X > HEK X > FRAE b 3%, OF B
HEZK DRI 8 X3 i 3 40 19 22 A K SF- (1)
JE AR B KX B T IR R . AR
## Shannon-Wiener £ kf ¥4 . Pielou ¥ & J& fn

Marglef == & J&Z 48 B0 25 K A 9047 25 5 T4, 37
FEL I 3 FHE K XK B AL 4% B - B2 TS G, T 1)

DK BT Ak T2 BE s G, K TR #h 4 3 22 4K K
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Table 4 Density and percentage of dominant species
F% 58 W HiK X I i X
Aquaculture pond Drainage region Near lake region
W (ind/L)  WHI(%)  #EE(ind/L)  WBI(%) W (ind/L)  HHI(%)

Density Percentage Density Percentage Density Percentage
SV RS 5 B Brachionus calyciflorus 30 2.91 83 4. 14 - -
KALE Daphnia magna 36 3.51 - - - -
F S A4 5% . Tintinnopsis wangi - - 105 5.27 - -
i R B %8 I Brachionus angularis - - 285 14. 30 - -
K = j %6 M Filinia longiseta - - 83 4.14 - -
WEHE 5 W 48 . Keratella cochlearis - - 480 24. 08 580 46.71
£ Z M8 B Polyarthra trigla - - 323 16. 18 240 18. 68
IG5 /NSt R 48 B Trichocerca pusilla - - - - 90 7.01

=V ROIRNEFAEIZ KR LR, “ -7 Indicates that the species is not the dominant species in this area.
RS ZHEIDEHEEERBVIERENEETEEY
Table 5 Diversity index, evenness index and richness index of zooplankton
Z PR # B 5) Fu R
Diversity index Evenness index Richness index
I RIS ] BRNEAES I RIS
Evaluation result Evaluation result Evaluation result

F5 54 fa ¥ Aquaculture pond 2.39 g gL 0.51 295 YL 1.26 g gL
HE/K X, Drainage region 3.73 295 Y 0. 62 295 YL 2. 64 g gu
I ] X, Near lake region 3.93 75 Y 0. 65 1295 g 3.69 1295 e

ST DX HE K DX
3 4’

KEWFTER I, 26 04 & 7T LI K #h 52
Wi U Sl W R RE v 45 R, TR B ( Aristichthys
nobilis) . fif ( Hypophthalmichthys molitrix ) 3X ¥ Fift
8B T A0 2 A 57 B DX P S R 6 A ) T R
e 28 S5 R ATE W sh Wy, AT AT BT D A 3l
AR HU AR K, PRI 7E 3 28 53 B K AR o Ji A= 3l
Wy RS HeO R 3h WA T A 32 A R g (O
/NHEAE 2009, R AAE 2011a) X B AR T A
WE5E b 1 68 F32 G 1 IR I W sh W) RIS 454 o Jd
Ik P ARl BB A B 8 B vl 3 1 4 5 )
5% 25 K U8 A o3 A, JC T AR KRR R 28 A R AU T
Ui sl Wy 2 t0 9% N 77 D 3h ) R A AR G
H R 3, B HURN I A Bl A5 /N B i sh )
a7 BN o SR AR B Y RS AR R E
P, AR JE R OF B4 Ah B P B U, 2 R
P85 W) R X AR (B 22 55 2008 ), 78 77 G 1t
N N A R 2R S e A o B S 48] 2 A A5 £ e T

Xof 8 3 T AT T, O 91X KO AR A R SRR
T2 ) 264 9 7 A (WA RS 55 2007 ), 520 Jt A 3
Py Fige AR A . RSP Sh W) AR P AR
Ly 8 2y #0130 A9 S SEEORE (XK 3E S 2012) , A
R BT R B B i 0 W) 4 A LA 8 a0 R 5T 2
BB SR % BTt R DR AU PR U 3 ) L ) e T R
SR, &y i 2R A A AR A 5 Tk i e S AR
by Ly 8 1) AR G B AR AR R AL
e 3 W A s s, %R R RN A ) LA
B Tb o FEHEAK DRI I X, AR R S 0N
O Ui S W) R VR S F AL R GE T E A DR I
e sh W) FE R RS Y e A A, X S E A E
IDORARTII BRIV L N URER IR E e sy i
B LE I ST 4 R A — B (A T 55 1994, f it
4345 2005, ZF% 2011a, SAH4 2011D)
KA E SR AR A 1N O b R B
] AT 35 Pk W) A BE MO ( Dumont 1983,
Dussart et al. 1984), ZEARWFIFRF , T HIEH
T AR R, FR A M s HEK DA X 2 2
WeEE Rk, HRSWEH, X515 % 44%
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(2011) A58 0 A B Pt 2R R K IR L B & 8
FRb g A — 3%, BT IR0 3 % 1% Shannon-
Wiener Z #f 14 45 %, Pielou ¥y 5 J& 45 £ M
Marglef =F & J& 48 £ 25 A V7 I8 BB X — 45
K IR B — ST T A, AR R A A R
A A B AR L N L WK v
XK E E SR EA — i W4 R 7 T (U 2%
45 1990, T RUUHAF 2006 ) , v 57 58 it 5 9 1
P BALHEERAR, R IE N & E
FrACTRR B AR XA AR . 38 o PR T A A b =
T Z R ETR RO A 45 R AR R RN S E
FRALRR e, SRR P IEMN S A B, X 5 A
AR TR 3R A DG, S B T I DN R I K T
B, UL AR L2 B/ H iy T 1 i 57 5E
WENGRE AR L S T KR AR S =,
WE IR AR B e o HEZK DRI 8 XA 4
W2, HIRIY W5 A B R 2 RS d i IR 34
AR, WA A X3, S KR & SR A Y
FI, X T SR O R A K T
8 W R AT KA DG, f0 3 9 % Bl TS K 2E ACHE K
DX 30 DX, e KA S BROAS [) RR E T eE
b, 3% — 45 1] 5 BN M 2 PR BT 45
R, Ly FRAE K AR T R AR I S W L
T U 30 ) Vi 00 2 A, 77 BE b 0 e 4 3 KR R
Wl 5 O A B Y K R HE A HE K X 3 A R BH
W, 5 HE K DX K BOIR B0 REAIG, BT 30 3 XK A Y
5 o RTS8, 7K R O B A, (AL 3
— o TR E W SE 3k B 38 BTG oK oF

B O NI A B AR A B R R AR
Ui sh ) 0 % 8 A5 T T 4 T T ORI S B, 76 b
FER B 1 SR

2 £ X W
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