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1.1 WRXEER

HIEA T =/ A R A% AR INEE N
(25.36~25.58°N, 100.05~100.17°E), 4k 1972 m,
T DR M BT T R P T N, AR A R GEARX B AL, H
ST A m b ) A BRI A 250 km?®, B
JbK 42 km, ZHFTE 3~9 km, ML K 117 km, F
PPk 10.5 m, FARKEE 21.5 m, 1IEH &K 28.8
f¢ ’OKAE 1 974 m, WERGFEAR), 7S m KA 1
975.6 m, FfK/KANL 1970.5 m, 4K 10~20 C,
K B A3 A HA IR A RS, R A .
1.2 PEHZE

MR T | HhSRe i, 455 i R TE AR |
SR OLAE 2R, FETE R DX R BRI T A | 1
AP, SCEM L FHil . AR SUER L £, BOG
W, &ESF. T, FYE . AN B
TR ROCE . PO, R VRS 19
i VR BRI VR A A 0 RUORFE R Ik, S3IEH
WA R kb Fe e s (B 1) 4331 T 2009
8 AR 11 AYETT 2 WA, ARRiEAE A 1
ASA, WA SORFE 3 IR,

FESAEEAR A R VO SR . VT 3
ANl ST B, RRIAT . MR, ST
Bl AL XURE . 201l 7 Al A e e Rk
ST R, Boe. MR R, A .
AR TR HER . KOCE 8 M uli HA
WA AT TP . b, 2ol BOC 2 ol
b T HEAL TS DX AT . ROGE . TRIA 3
Al 5 A T R VS X A S A TV T
O DX L SR A, TSR Al RUKTR L KRB
AL RBRAL . KRR A S TR, B
AANF & 1.

25 0l p, R FH 04 O L 32 B Sy o) o sk ), G
F R H A 1.8~17 em(=JZ R L H /N2
1), TRRR B 0.4 cm, I MIEFE] T4 S S A A,
W TR H 2 /= 5 TS, RIRRI T2y 12 he 4
Al R BEALRAE, Gt Uil e sy b
MM AR, kR ib, A
85, AR ERR, WIREHLIMFESETT) . X FoREES]

Hyfafh BB S a2 ) T a2
1.3 SHFE

SR ZFE PRI 3 22k ] Shannon-Wiener
T Pielou HAJREFERLUS AMRIME R B ER

JH Sorenson 3541 2°Fll Bray-Curtis AL PE R 5", H
(N RN W I
(1) Shannon-Wiener 5%(: s, = _Zn: p. Ig p;

i=1

L, n AEEEPFECE, pi )8 TR A A
B TR H

(2) Pielou ¥ 5] FEFREL: J5w=Sw/Ign
P, n HEEE IR ECH, S, Bl Shannon- Wiener
ek

(3) Sorenson g%k: Cs=2j/(a+b)
X, oSR3I FP LG a Fi b 23
7% A il B BRI

(4) Bray-Curtis #{LIPE 2% Cy=2jN/(aN+bN)
KA, aN il bN 23050 % A FI B AR (B
s ;N AHEE A(Na)F B(IND)FA Fl A4
A (B B B RN E Z M, Bl jN=Ymin
(jNa+jNb),

Y T — /b LR X B IR 22 o0 A AT R I /N,
PR b 3 B PR K T 6% (B 2 /078 2 SR 0
SEEN I IRIE R 43X 52, B 45 ol o5 g — P )
AR BRI S AN R RE AR (B R R,
AN ind/h), AAEEwl RO 2R RREO S o X5 A
0 F R AT DU IR 5 R B 40 s v S A% sl TR Y
Bray-Curtis {4 Z2%0(Cy), i CLUSTER %%
S3HTFT MDS 22 4k R AT BIF o8 45 3l i 2V 245
FAHFAE o BEISAI BT e P s LA R AR A S8 4320
A A EMATEME, MDS 24k RERES 2 1
W, BRI EE R A ER PR KIS MDS
() 005 D0 BE R TR 1 & 8K (stress), 3 HIA R,
stress<0.2 i, HEEEA —EMERITE X, stress<
0.1 i, BABIFIIIEE; stress<0.05 B}, EJEH
ARFEMEY, BT ANOSIM AR A BT 21 2205 36
KNI 4l 2 10 22 5500 % M, JF I A SIMPER
FARLE 7 2 E 22100 B 45 i R0 201 P AR 0L
FZE A AR S 1 - 2 TR, IR DTk = 5% 11
A8 R B EARRAERN S . DL b B Ak PR
PRIMER # {4 i#47
2 4
2.1 FERAM

P e SR 23 8, IR T 5 H, 98 21
J& R R 2, AT 14 R, 5 a2 B
60.9%; 8GR, GERARL, JEEERL . 6E8RL  FHEEEL
JABERL . R R 1 Fh, &5 4.3%; B AR
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Fif4125.65236° N 100.27359° E
HEAHI25.70156° N 100.24956° E
AEFT25.75104° N 100.21626° E
#H  1125.86015° N 100.20836° E
HAEM25.88764° N 100.21001° E
A J#§25.90710° N 100.17780° E
£ 11125.94716° N 100.15205° E
I 22592285°N 100.11497°E
W 25.87436° N 100.14862° E
4 E9F25.82607° N 100.18604° E
TF#25.79309° N 100.15377°E
TAtE25.74528° N 100.16747° E
A F25.71671° N 100.20081° E
e 554425.68640° N 100.21797° E
JH#F125.63596° N 100.23067° E
RHEE2561274° N 100.24063° E
fi #26.01545° N 100.03532° E
HEF1#126.14320° N 099.94988° E
HFPGI26.27125° N 099.96253° E
TF1lIF126.08058° N 100.03013° E
WEENFT25.81762° N 100.21625° E

0 5 10 20 km
(|

E1 HEaXEESSH
Fig.1 Distribution of fish survey stations in the Erhai Lake

22 R0, o 8.7%. WERMAE, R
Z, 3 Fh, HERMAZEE 21.4%; BEERL. HE
R, SR SRR 2 B, &b
14.3%; ZEAWE 1 Fh, 5 7.1%GE 2),
22 BMRBEBEENNS

FR A3l o5 < B0 %1 #6144 Bray-Curtis A
FBUE B AT R W 5 R 5 £ Yk FR JE (MDS) 4>
B AR o 4% i A 2R BT R4 A 3 RV 2
R, Ay SOCHREVE T . RS TRBEVR T, RS 1

fFE 1,2, 3.5, 7.8,9, 11, 13, 15, 16 5
R, FEN TV R A R AL v TR D TR
AHE 4, 6. 10, 12, 14 Sulifs, FEA THE
RSO RIS 17, 18, 19 5
D7 W o = R 3 b AN 7 & R VR G 5
(ANOSIM)Z A [l 7% IS 1 ) £ S 2H 1 2% S b i
#(R=0.838, P<0.01); A[FJHEv&ISHAIM M Z ] £
ol 2 5 B F (Rceren=0.892, P<0.01;
Re 1,cm=0.653, P<0.01; Reypcm=1, P<0.05), MDS #5
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*1 BMRHEETER

Tab. 1 Environment index of each survey station in the Erhai Lake

il i ARG PHEE K /m IKURAH AR Ak JE KB
no. of station station water deep water depth gradient substrate aquatic plant richness
1 FAT Xiahecun 1~12 /N Al rh
2 445 Haidongzhen 1~15 AN Jei» h
3 CEERT Wenbicun 4-~8 r Jevb r
4 # 1l Qingshan 6.5 PN e th
5 #AEH Lianhuaqu 5 PN S =
6 M Ji Shuanglang 10 x b 1%
7 2 1l Hongshan 2~6 %N e h
8 | 2% Shangguan 2~6 AN e =
9 i Haishe 10 AN e =
10 4455 Jinguisi 15~20 N e {iS
11 T Xiabopeng 3~6 7 e th
12 TAE Xiajiyi 12~13 L e LR
13 4 # Caicun 2~5 7 AR e
14 J¢ % Longkan 6~10 el e 1%
15 JHEER Erbincun 8 N e LE
16 KKE Daguanyi 2~6 VN e =3
17 P9 # Xihu 1~8 /h ke =
18 W Zibihu 2~8 r e =
19 #P6 Haixihai 5~10 28] e =2
20 T d Xiashankou 4 PN A ik
21 HEENKS Haiyincun 6~ 12 N e ik
Fz2 HEERPMLEARSHE
Tab. 2 Species composition and number of fish sampled in the Erhai Lake
faFl species &% individual
##JE H Cypriniformes ##7Al Cyprinidae KIPZLE £ Schizothorax tallensis 4
f# Cyprinus carpio 67
fifl Carassius auratus 4103
FH 1 Mylopharyngodon piceus 2
A Ctenopharyngodon idella 35
fit Hypophthalmichthys molitrix 132
fij§  Aristichthys nobilis 258
A1k i Megalobrama amblycephala 32
F 40 Pseudorasbora parva 43 111
rh AR Rhodeus sinensis 4073
mAREES; R, ocellatus 1
K% Acheilognathus elongatus 13951
FeAE 8 Abbottina rivularis 20 791
% Hemiculter leucisculus 4729
A} Cobitidae Jedft Misgurnus anguillicaudatus 952
#¥J% H Cyprinodontiformes FHAEL Oryziidae rh1ed il Oryzias latipes sinensis 17
AL Poeciliidae it Gambusia affinis 52
4 f4a H Synbranchiformes 4B faFl Synbranchidae % Monopterus albus 4
fifif H Perciformes f#%} Channidae 15,f# Channa argus 22
YEEEE]L Eleotridae #) Hypseleotris swinhonis 5813
#5521 Rl Gobiidae I ICA#E % f1. Ctenogobius clifordpopei 1855
TEARE A C. giurinus 25062
#:7% H Salmoniformes iR faEl Salangidae Ki#raifa Neosalanx taihuensis 14 988
JE3t total 140 054
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FEZE RN 4 R SRR, HE 1 R%L stress=0.1,
Te— NS . BRI, AT LA SRR RS Rl
STERATI (B 2 FTEL 3),

20
‘%‘ 40 1 1 I
E

@ 601

El

=y

= 80

00
610124 141817195 8151 2 7 11316 913
Ui 5 stations

El2 HihmaREEREARKE
1~19 Ayl ARG
Fig. 2 Cluster analysis of fish communities in 19 sta-

tions in the Erhai Lake
1 to 19 is the code of station.

Stress: 0.1
5
6\
........... 4
.10

B3 Hifim&EEE MDS tRFE
1~19 Jyuli 5 A,
Fig. 3 MDS of fish communities in
19 stations in the Erhai Lake

1 to 19 is the code of station.
23 BEEXIESRNSHEMSHEME

Wt Sorenson FEEL T 45 HETE A AL ] fa 2
FARIEER 3), S5 REW, BEE TSR IIZ M1
FARIPE AR (C=0.273), HRERFE 1T S5HFE 1 2
[A](Cs=0.462), Shannon-Wiener 5% Pielou %)
FEAR B N, BEVE TG £ 25 2 BF M 4R S0 X
(Sw=0.550), H: 5757 B F5 KW £ %5 (35=0.651); T
1 FURE VR IR #0288 22 B M 4 500000 A X 8¢
(Sw=0.658/0.741) , 4= 558 1) 57 Jou M 1 5 A i 52 W) £
PRI LE I 5 2R R F B R E P B TR R
BEAHRT B —, ARH B FEVEAR, 5B w, AT
M, FEds 1 ARV TILEAG 0o 5 % i IR BG4
ZURE I, KBRS, el SR AL 1 A A
YR Z IR, AR T AR . R, B
B AERY ZREHE A A A

3 BHEEABGAZHEMSHEIEIER
Tab. 3 Fish species diversity index and similarity
coefficient of communities in the Erhai Lake

Sorenson 5% BT V& 1T AL

Cs community [ community Il community ITT
% 1 community [ 1.000 0.462 0.765
FEYE 1T community 1T 0.462 1.000 0.273
B Il community 111 0.765 0.273 1.000
Shannon-Wiener #44(S,,  0.658 0.550 0.741
Pielou 2B Jow  0.515 0.651 0.630

24 BEEFEBNETE4FEM

SIMPER HIIPEE 4 Eb oM B, 45 TR 2
AP ) F B AE ALY 430 R 56.25% . 60.87% FiI
79.69%. F 4 HIH T A HE R AR I BT
BRE KT 5%AYFNE S ILTTmi R BEvE T 1Y 24
fERN N B, Fff . WE). TRSEA .
55, XTRER XA UME STER S 80.71%, 1E
PP A% b LA /NI f 2o 2, VR T Y 2 24y
AERPR B G P Sk, REfa | BRAE, XTHEVE
SEFAIE TR 2N 98.20%, TEFPELH K LK
rR o T TRV TINY T B AR b o S Rl f
K &G4, TRerissem ., o), s O AR
fr hARIREE MRt JREKEE, WRETE N
FARIPETTRR AN 94.94%, TERIZELH N b LL/NEL £
FKAHE,

eV T SHE0 1. BEETILZ 0] Y~ 24 S5
5310 76.80%F1 54.94%; FEVE 11 5 HEF T2 (/]
SIS N 91.62%, 3 5 HIH T & BRI
PR TE] - 5 AR S M DT RR AR T 5% A b 288 A H: 7 ik
HrHe . BEVE T SREVE 1L 2 [ Y 2200 B Rl N4
il ZFRhfa i 6 PASkfh . W), M T
B R E BRSSOV [ XA S TR R
T 88.63%; Hve 1 SHEVRIIZ A ) 32203 B Rl
4. KO8, bt MM TR G
WAt | BB, VBB, B R R S, X R
&S AH S BTkl 78.99%; BEVE 1T S5 HEV%
T2 B] f) 2 o3 b S A2 R A | Bl fi | < Epo
TR AR 0 | B, X TR ) S 25 R S TR
Zoh 85.82%. ULAR, T Il FTRAK JH A ME—RAE
FI K HR G f0 A il o5, BBl R BN TE I A B R 51
RORAPIX
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x4 CHERBEELRBENETEFEMEHETIIKE (>5%)

Tab. 4 Indicator species and their contribution rate (> 5%) within communities in the Erhai Lake

e . TiMk#%/%  contribution
FI% species BEYE T community T FEPE 1T community 1T BEYRII communitylll

il C. auratus 17.55 - 9.45
% H. leucisculus 28.65 -

5% H. molitrix 6.19 34.16

fif§  A. nobilis 40.48

[#13kf; M. amblycephala 9.71

il C. carpio 6.77

i C.idella - 7.08

F M P.parva 14.33 - 20.86
K% A. elongatus - 15.31
FefE L A. rivularis - 7.02
rR AR R. sinensis - 8.05
Jefifk M. anguillicaudatus - . 5.94
%) H. swinhonis 7.78 - 8.87
FBEFi#RE A C. clifordpopei 6.21 - 10.9
I AR S /1 C. giurinus - 8.54
A1t total 80.71 98.20 94.94

*S HERERLDEEESEMEHTEE (>5%)

Tab.5 Discriminating species and their contribution rate (> 5%) between communities in the Erhai Lake

Ti#k%/%  contribution
FhJE species
BEYE T A community 1 & 11 #9% 1 AT community 1 & [T #5% I AIIT community 1T & 111
il C. auratus 8.42 - 5.51
% H. leucisculus 15.46 15.34
fi% H. molitrix 10.01 - 9.53
i A. nobilis 12.39 - 115
A3k fili M. amblycephala 6.77 - 5.23
il C. carpio 5.97 -
ity C.idella 6.34 -
A P.parva 10.63 8.98 12.8
K &#% A. elongatus 12.28 8.99
Bt A rivularis 9.22 6.25
FhAEfE R, ocellatus 7.47 5.6
Jeffk M. anguillicaudatus 6.10
Hefh H. swinhonis 6.59 6.31 6.96
FReMilE 4 C. clifordpopei 6.05 7.53 7.76
USRS M C. giurinus 5.76 5.69
it total 88.63 78.99 85.82
3 e i3 80 AEARH T IS TRWIF £, 12X R

31 HBBAXRAMKHETH

bt 50 AR, A 17 FhU, o
K IR 70.6%, XIS E LU 4 a2k
N EZALHER SRS, PR AR AR E - 60
ALV, HEIFR A TSR R i SR,
FHEZ A AT AR SRR | SR NG AR

GERM AR R, K. PRSI 60 AEARAY
67.9% FFEZE 90 AU 31.6%. 5] Flas A i KB4
et s, (MR HEFEE 60 A ETEE 28
Pl ARLRH Pl RS AR, i AEBERER, TR
+E D, AR EGh 70 AEAR
[ 23 PR FEZ 90 4ECHY 19 AP 2k ZHE 1k
HELEHL,
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AWM I SR B2 23 Fh, AR R
% S P P A 2% B THL I SR S R A Sk, PR
il . YRHK . KIHBE MO L EFIAR, Ha 19
FI8) M SRR, BedfeRik 76.47% . 76 BAAFIY 4 Fli
e, wEEE 6 YRR T . K22,
15 AR, RIS e T X 2 A 2K,
R ARSI o AR A AR BB R 1 A
KRHLANA B, i b B N, RIERE a7
TR X BLE AR AR . 5 20 R0 sk R T £,
JNE LA H g, A TR A R 2 2 R i
(Yunnanilus pleurotaenia) il {11 2 g fif (Paracobitis
anguillioides) A RAEH, HFHC 265 | m kB0
Ll KB, B s ook, Hep, &
et SR WAL r-AE AR, RS D SR 100 Aol
SRR E Y Z—P0, HFPE & SR (EAT 1T

— AR E A ) SE AR SRR
FI B 0 A 2 M L R AR B R B AR A A 517,
HHEAEM AR LS, BN — BB AT
— BB, I A SE U R B AR I 3 02
AR Bk HRRE, g aRX Rl E
K, I HIXFR X ZR A8 1 8 3O LR A Y )
R, BI/NEUARAEL S S AR IR, XTI () £ 28
ZHYEE . R, FEA A —BA
RV Py g | 27 R SR 2 i H A A A
F& . BEEIIR . A IImAEE s, XA AAE
HAERMAREN, BFERAR; R
WX A S RGEANT B, e 2R R X R A
Z, ZREEARCEARN MY, SR IR S i AR,
SRR R TE R, RS N RE
“OIACEF e, IF HZ G RS R, X
BRI T E— 2 T ARE,
32 EHB&EBETENMEHINERE

I R, VIt T I 78 25 (R 43 A F AT LA
B W) 53 Ry = AR A A T R — VR S
RUPN 8 25 ol s B B MU A= 58, AR B I 3%
S0 () DA BH S R A B 25 S TRV T A 45 i
7 3 A5 T I VL DX B U R X, 4 A K K TR
1~13 m, KRB -22, IR LIRIE M 3, A
WZEmZ, KEFE, LiZE% (Zizania caduciflora)
A9 (Hydrilla verticillata) . 4> ff%% (Ceratophyllum
demersum) . /K i (Blyxa japonica) . KK 2
(Myriophyllum spicatum) ., ¥ il 7% (Potamogeton

maackianus) . i %Z(Potamogeton crispus). KUHR 3%
(Eichhornia crassipes)&Fh2h 3. #EV& 11 A9k
SEEAL TIPS, iKUK IR 6~20 m, 7K
WA R, AR aliika b E, KEFEE
FERR, AU ADoK . Gt URIUZ B
U <IN L 7/ B e 22 =7 710 = B S N | 23
X - 7K 2R DA B e PR Eh e A R v T
PR AR IR TG 45 3 AL T g, M 34
AEN b S /N RLIIE, Ve A, BT K K IR
1~10 m, JRFLIRE N E, KEFE, FLEAE
(Phragmitas australis). #72%(Trapa incisa). fERIK
EE# . B RT3 (Potamogeton pectinatus) . 7K i |
Gt JHELAERNS . AN R XA PR 25
FE— R B T a0 A3 8] A3 A —— R
TN IS G MRECR L ERUK XA TR S,
fig | Gk FESE; m L AP IEIL X PG T
BORIEGARBIN . EIR R EOK XA 6,
G g A REMSE, B R R VTR AL
ATLUR IR, PO SR . b o5l i 1) 2 e PR R
3 i T AR RO X, X ST AR L L
Wi | A I T SR IR B AT O, E— R b
B R AR 2 FE I A B A, XN AEY)
(R B, BeAh, R I K R S R E— K
PR PRRLNE il f, SLAR K TR AR AR /N, K E,
IKBIE R, B ROKIE 4 m, KR 11.8 C, R AR
ARE, KTANEN, Bk G RIERNE )
AR, CRORIMIE I R 5 R4 X
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Spatial pattern of fish community in the Erhai Lake

FEI Ji-hui', WANG Xing-zhong?, SHAO Xiao-yang" **

(1. College of Life and Environmental Science, Hangzhou Normal University, Hangzhou 310036, China;
2. State Key Laboratory of Freshwater Ecology and Biotechnology, Institute of Hydrobiology,
Chinese Academy of Sciences, Wuhan 430072, China)

Abstract: The Erhai Lake is an extant production base of Yunnan province for aquatic products. Due to
the environment and fishery pattern change, the fish fauna of the Erhai Lake are varied. How about the
status? How about the fish community structure and its distribution? There are less typical reports till now.
This study investigated species composition and abundance of fish at 21 sites in the Erhai Lake for two
times in August and November 2009, respectively. The fish nets for each station at about 5:00 pm on the
first day and harvested at 5:00 am on the second day. Three samples were conducted at each site for each
sampling. Species composition and number of individuals, sampling time, environment factor, latitude and
longitude of the sampling site, types of nets were recorded. The fishes were identified and classified. The
data were analyzed and interpreted with diversity index (Shannon-Wiener index; Pielou index), similarity
coefficient (Sorenson index; Bray-Curtis index) and various multivariate statistical methods (CLUSTER;
MDS; ANOSIM; SIMPER). The results showed there were 23 species, belonging to 5 orders and 9 families.
The fish community of Erhai Lake could be divided into three groups: alongshore community (C I ), open
water community (C II) and upstream community (CIII). Analysis of similarity (ANOSIM) and similarity
of percentage (SIMPER) showed the differences among these groups were significant (R=0.735, P<0.01).
The indicator species of C I were Hemiculter leucisculus, Carassius auratus, Pseudorasbora parva, etc.,
and their contribution of similarity in C I was 80.71%. The indicator species of CII were Aristichthys
nobilis, Hypophthalmichthys molitrix, Megalobrama amblycephala, etc., and their contribution of similar-
ity in CII was 98.2%. The indicator species of CIII were C. auratus, P. parva, Acheilognathus elongates,
etc., and their contribution of similarity in CIII was 94.94%. The average contribution of dissimilarity be-
tween C I and CII was 76.8%, the discriminating species were H. leucisculus, A. nobilis, P. parva, etc.,
and their contribution of dissimilarity was 88.63%. The average contribution of dissimilarity between C I
and CIII was 54.94%, the discriminating species were H. leucisculus, A. elongates, Abbottina rivularis, etc.,
and their contribution of dissimilarity was 78.99%. The average contribution of dissimilarity between C II
and CIII was 91.62%, the discriminating species were P. parva, H. molitrix, A. nobilis, etc., and their con-
tribution of dissimilarity was 85.82%. The C I and CIII were mainly composed of small sized fishes, and
CII was larger ones. In conclusion, the diversity in spatial structure of fish community reflected the envi-
ronmental heterogeneity in Erhai Lake.
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