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Spatial and temporal patterns of stream fish assemblages in the Qiupu
Headwaters National Wetland Park

Wen-Jian WANG ', Ling CHU ', Chun SI ', Ren ZHU ', Wen-Hao CHEN 2, Fang-Ming CHEN 2,
Yun-Zhi YAN "

1. College of Life Sciences, Anhui Normal University; Provincial Key Laboratory of Biotic Environment and Ecological Safety in Anhui Province, Wuhu 241000, China
2. Shitai Management Station of Guniujiang National Nature Reserve, Shitai 245100, China

Abstract: Identifying and clarifying how stream fish assemblage patterns vary spatially and temporally are basic measures for the
conservation and management of fish species. Based on data collected from 24 wadeable reaches within the Qiupu Headwaters
National Wetland Park between May and October 2012, we examined the spatial and temporal patterns of the assemblage structures
and diversities, collecting a total of 29 fish species belonging to four orders and ten families. The results of our survey showed
influences of local habitat and tributary spatial position variables on fish assemblages. Fish diversity showed significant variations
across stream-orders and seasons, which were higher in the second-order streams than in first-order streams and higher in October
than in May. Habitat factors such as substrate coarseness and heterogeneity, water temperature and water depth, as well as tributary
position factor-link, showed significant effects on fish diversity. Fish assemblages fitted the nested pattern that upstream assemblages
presented as a nested subset of downstream assemblages. Fish assemblage structures did not vary significantly across seasons but did
across stream-orders; fish assemblages between first- and second-order streams showed significant differences despite some overlap.
These spatial differences mainly resulted from spatial variations of the relative abundance of Cobitis rarus, Ctenogobius sp., Zacco
platypus, Phoxinus oxycephalus, Rhodeus ocellatus and Vanmanenia stenosoma, among which P. oxycephalus had higher abundance
in first-order than in second-order streams but the other five species were more abundant in second-order streams. Fish assemblage
structures were significantly related to substrate heterogeneity, water depth, stream order, link and C-link.
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TIEEIAL T R S LS sk, 24k
TR i T o R A LG, VTR
WMAESRGERA K REL PYEAG E A —
IR Z HoWANEYE GRS A= Ak, &
SR = Ay R 220 R P T L e i £ B R K A Y
Begh i) S, HoKAEAEY) (B0 X R4
KT B PE 5 (Grossman et al, 1990; Vannote et
al, 19800, VYEERIMMARAIMBIEA . AF IR
AT SRR AT T % AR A RGP ORI . SR
KNG HEFRRZ 5 ARG BRI, K2%
Wi A A2 K 2218 (Schlosser, 1990; Yan et al, 2012b).
TETDN FREE AR, TR AR S R G St Rk
BRI ISP ) AR 8+ KR, R AR
W Bl BBUEAN G S9 (Buisson & Grenouillet, 2009).

BB SRR Z Can ik ZKSCH
HALR D AR E sssREe) Shikid
T Can Mg om0 A AE B9 (Gilliam
etal, 1993; Dauwalter et al, 2008) . Rii‘EAR
G AT TEGEE . SR TS H RS . o
1R 2 BRAC IR AR s R S T AR R R B s, (A
T3 B 1 0 AV 4 A0 S L 22 KR P 1) 22 ) 22 e
ZHi254k (Meador & Matthews, 1992) . O K
RN, BRAA/DN (Matthews, 1986) A Elb
ZFE (Gorman & Karr, 1978) . MExXfE A 2k ik
(Abes & Agostinho, 2001) . 2K AFI4E K5
Z (Power et al, 1988) Z5XIVRIMAAREILLE M [
HEZFMEE TR SACRU, EREE
S 3l S b 4% 1 5 S I S TRV R S AR L 10 2
TEV& (P28 1 2 R & (Grenouillet et al, 2004; Smith
& Kraft, 2005; Yanetal, 2011) . “HfEHHRK
(habitat templet) ” LR T B2 FEME. &
A PEFNRR E PEXHR M A REK 152 (Southwood,
1977) « —HAEBL T, VA BRI B,
R 22 REME RN A 28 b BT BB 4 E TR E
B R 2 FEE W N, SLRh 2 B A
& (replacement) FlifiH C(addition) PHFfAS[FAE L
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R IR S SLARAS R R =% ) B A< (Fausch
et al, 2002; Grant et al, 2007; Wiens, 2002) .
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Z A ARACLAEL BT Ah 328 38 D0 5% 2 ) A0 ‘B AN ) ) 1 4 2
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Osborne & Wiley, 1992) .
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FE R (riffle) AR (pool) GXPERMEREIE AI¥HK
BRI AU R IR AS S B A IR
2012 4F 5 0 CRE/KHY, iR B85 M
10 H Gk, i mrigD i Bik 24 A~
VA RE AT R AR . R TR A A
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M, PINCAF BT . SRR G bR ALE B iR &
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TR
12 EEWEMEFHIENES RS EMAE
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RECRAERS, I EE 9 21 JR 3l B IR 7
AFEER (m). K% (m). ZKE (m). 7Kl C°CH.
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(substrate heterogeneity), 73 LA GPS Il & i 44 51 5 o
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B Al 5 XK ST C(JENCO06350 ,
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Bain et al (1999) [FJ57%, MRS HA2 KN
PAH AT 7 AG SR iR 8 (3L 6 25, 0: <0.06 mm:;
1: 0.06~1 mm; 2: 2~5 mm; 3: 15~63 mm; 4: 64~256
mm; 5: >256 mm). VERAE ST, R RAE T
Boy A 10 2500 0 SR T 45, B 10 AN 1)1
A TR TORURE 52, b 22 0 JEC T S ek
S WURE PR S s A B AR B, BRIR IR

Sampling sites within the Qiupu Headwaters National Wetland Park
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0.25<R<<0.5, HFEI&AFAE W W H A5 4 B
R<0.25, B ESVEILFAR 7). isHAFEE

Z YEFrFEYS (non-metric multidimensional scaling,
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NMS) Heyt SEAEVE S5 4 (1) —HEXUbR I oz T AR B0
PEH 4 EL 43477 (similarity percentages, SIMPER) 43
SRS, 580 24 45 T A A ABL R A o 45 T TR AN AL 1) G
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e BB 2 bR, oF S R BE ( matrix
temperature, 7), WJEBAL, IREREBS, T=0
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FEAET (null model) 73] X N HLRESEAT (2 25 PEAS
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T A E o M3 4 1) BT 5 R/ (forward selection
procedure) ffi & fe £ 4% OR B AF RDA 73 B o ()AL &,
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55.17%. Sk b, SEEEEE. VR AR A AR —
A 2 H B R $4>40%, HAHXG 2 B ik
(>10%), J& 5 WA S AT . Jeik (Misgurnus
anguillicaudatus)« KM R A | Ji 28 16
6t ( Mastacembelus aculeatus ) « 5
( Acrossocheilus fascitus )« /N ( Sarcocheilichys
parvus)~ LU (Pseudogobio vaillanti) TeBEHE|VS
i (Parabotia fasciata) V)@t (Pseudobagrus
truncatus ) ~ fill Ty fig
( Monopoterus albus ) ~ T 1 41 ( Opsarrichthys
bidens). JoAfii (Acheilongnathus gracilis)~ Vit
i ( Abbottina rivularis ) F1 P LW ( Siniperca
undulata) 55 16 FAaSEHTHIIHEN 10%~40%,
JEAR R o, JSkfif. ik, ALl R 2

( Carassius auratus ) -

FUR L AEBERIVD R, DS, Je i o iis s 8 i
(IR 22 B A i (1%<P<10%), Y34k 8 Rl AR %
FERAR (0.2%<P<1%), L4 10 R IUHFR Y
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fiti ( Microphysogobio fukiensis ) Kl ¥ i
(Pelteobagrus fulvidraco) 55 =P FALAE — SR
HRRCRAER, RS . SRR (Parasinilabeo
assimilis)~ KZZfH (Pseudorasbora elongata)~ /|
fit . H 0 ( Squalidus argentatus ) . & S0
(Gnathopogon taeniellus)~ AEFERIVV L (Parabotia
fasciata). FEEERIBLRYE 9 Fhth RANAE LR
I3 AT R RNIN T M R 17 AR,
EAEP SRR R P A 2 A AR, 0, Rk
sk E — ORI I 2 RS v, MO . AL,
JR 2 VRS AE — R P 2 . Ak, 5 HAT10
HARAEAE 23 A1 27 B, JLrp 21 FiEM AT
BIReRAER] (R 1.
22 BTN

1Z MR 27 22081 (two-way ANOVA) 4353l
R IR IR ION FIZ= T 0t il . ANMAERE, %
AR EAFRE e . 45 WoR, MM
BRI 2 5 B (P<0.05), Horp ZgUR AR
M (6.15+3.34) PR w1 GERUL[ (4.93+2.48)
Ft] (P<0.05), HYFEBFWEANLH
(P>0.05), K% [5 AN (0.2240.25) J&/m’,
10 H4 (0.83+0.70) JB/m’] AUAEAE W35 15
A (P<0.05), &R HN 0T 8 EEZER
(P>0.05), faRAMREONT A a5 £ 5 R I A7 7
BERERBONA S ZTHZE R (P<0.05). H,
YRR A AREL] (144.66£120.87) JB]HFH K
JWATEE (0.19+0.11) B8 8T R[5 71
A (96.40+£97.43) B (0.11£0.08) 1, 10 Hin
AR %L (159.03£135.04 J2) 5 7 A& W40 45 5L
(0.18+0.11) ¥WEZEET 5 A (P<0.05) [45K
(75.67£54.06) & (0.11x0.08) 1. U4k, ik
TR SRR SRR BRI AR N
TR LW E AN (P>0.05) (£ 2),

iz JH B 0 B[] JH it B 34 355 A 00 41 - ) b
B MK AR AN E S, AR
N, WA U R R ORI 5T e O R Yk IR A G
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Table 1 Species composition, frequency of occurrence and relative abundance of fish collected from first and
second ordered streams within Qiupu Headwaters National Wetland Park

HIL% (%)  Frequency of occurrence HIXZ (%) Relative abundance
Ordeﬁ f; ﬁ f f?/j;l)‘ecies gfffi —4 lst-order -2 2nd-order i —4 lst-order "2} 2nd-order T
5/ 10 5/ 10 H Means 51 10 H 5/ 10 Means
May Oct May Oct May Oct May Oct
#7 H Cypriniformes
#87} Cyprinidae
WHEHE Zacco platypus ZAP 8667 9333 100.00 100.00 9500 3539 41.34 19.08 2840  31.05
[ Opsarrichthys bidens OPB 13.33 6.67 11.11 22.22 13.33 0.41 0.23 0.55 0.32 0.38
R3Ak Phoxinus oxycephalus PHO  46.67 53.33 — 11.11 2778 1543  16.76 — 1.39 8.40
4% Hemiculter leucisculus HEL — 6.67 — — 1.67 — 0.23 — — 0.06
Tl Acheilongnathus gracilis ACG — 6.67 — 44.44 12.78 — 0.57 — 3.64 1.05
FASE; Rhodeus ocellatus RHB — — 4444 66.67 2778 — — 294 1275 3.92
JeJEA Acrossocheilus fascitus ACF  6.67 1333 2222 3333 1889 082 170 257 150 1.65
S AR Parasinilabeo assimilis PAA — — 111 1111 5.56 — — 037 032 0.17
KMt Pseudorasbora elongata PSE — — 111 2222 8.33 — — 0.73 0.96 0.42
/N Sarcocheilichys parvus SAP — — 22.22 44.44 16.67 — — 0.37 1.50 0.47
W Squalidus argentatus SQA — — — 11.11 2.78 — — — 0.21 0.05
¥efbtt Abbottina rivularis ABR — 13.33 — 33.33 11.67 — 0.34 — 0.43 0.19
g/ NMES Microphysogobio fikiensis MIF — 6.67 — — 1.67 — 0.34 — — 0.09
2N Gnathopogon taeniellus GNT — — — 22.22 5.56 — — — 0.21 0.05
Uil Pseudogobio vaillanti PSV 13.33  20.00 22.22 11.11 16.67 0.41 0.57 11.19 1.29 3.37
) Carassius auratus CAA 6.67 — 33.33 22.22 15.56 0.21 — 1.10 0.43 0.44
%} Cobitidae
AEPERNI 6 Parabotia fasciata PAF — — 4444 2222 16.67 — — 7.89 1.61 2.38
WMAAEH Cobitis rarus COR  46.67 60.00 66.67 88.89 65.56 1893  18.69 17.06 24.54 19.81
Ve Misgurnus anguillicaudatus MIA 26.67  53.33 33.33 — 28.33 2.06 2.27 1.47 — 1.45
FESHFL Homalopteridae
JRAEH, Vanmanenia stenosoma VAS — 1333 33.33 55.56 25.56 — 1.81 6.24 3.32 2.84
#57 B Siluriformes
2F} Bagridae
WU Pelteobagrus fulvidraco PEF 6.67 — — — 1.67 0.21 — — — 0.05
VIR Pseudobagrus truncatus PST  20.00 1333 2222 11.11 16.67 1.65 0.45 0.92 0.11 0.78
#liskffi®l Amblycipitidae
] [k Liobagrus styani LIS 667 667 1111 — 6.11 021 011 0.8 — 0.13

44Ef H Synbranchiformes
AR} Synbranchidae
W fE Monopoterus albus MOA — — 44.44 11.11 13.89 — — 1.10 0.11 0.30
%7 H Perciformes
fig®l Serranidae

WA Siniperca undulata SIU — 1333 11.11 22.22 11.67 — 0.57 1.10 0.21 0.47
YR Eleotridae

YIES Odontobutis obscurus ODO 6.67 6.67 — 11.11 6.11 0.21 2.49 — 0.11 0.70

i) Hypseleotris swinhonis HYS — — 11.11 — 2.78 — — 0.18 — 0.05
WFRARL Gobiidae

W4 Ctenogobius spp. CTE 7333 80.00 88.89  100.00 85.56 23.87 1144 2312 15.86 18.57

HISA} Mastacembelidae
R Mastacembelus aculeatus MAA 6.67 6.67 44.44 33.33 22.78 0.21 0.11 1.83 0.75 0.73
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Table 2 Effects of stream orders and seasons on fish diversity based on Two-way ANOVA

e o 1 B St RN < ZET

F%fd%’ ifsrlftty Stiam%rdjer Sison %rderx SJeaisin
F P F P F P
YF# Species richness 16.17 ok 2.21 ns 0.01 ns
/MA%L Abundance 5.62 * 7.37 ** 0.28 ns
#JE Density 1.39 ns 18.30 ok <0.01 ns
AR BN H-index 11.33 o 6.31 * 0.21 ns

*k, P<0.01;*: P<0.05;ns: P>0.05.

(P<0.05); MAEUS /K i ES. JETORL RS &
B IEMIE (P<0.05); % &5 KE B # 5k o8
(P<0.05), {H5 i JFORIRS B2 2 3 IEAHOC (P<0.05);
A A 7 B R N KR B I A R
(P<0.05), fH57KE W TUAHIC (P<0.05) (3K 3).
23 BERFERLSH

BE T PERLEE 20 BT ARSI A0 2R VR TR I B AR L
GER LR, 5 AR 10 R RERE T1E 23 504 10.44
I 11.55, 3 P Asi A0 28 o P AN 2= B () #0 2RE  1

Fiy W ER R (P<0.01).

18 AR 228 AR 43 BT (two-way crossed
ANOSIM) A5 5812 U 2 ol R 21500 F0 2R V& 4 A 1)
S, SERBIR, MR A MAEAN [ ZE T ) LT
SEAES, LREZES (global R=—0.03, P>0.05),
YRR B S R AR I S B R A 2
3% (global R=0.19, P<0.01). 345k &% bty
JEHE (NMS), 5 AR 10 AR REE L ES,
— BN S RGN R (2D,

£33 BHEMEEARTMRETEN & XL TR

Table 3 Stepwise linear regression analysis on the effect of environmental variables on fish diversity

%% Pt VAR 5 2 ) »
Fish diversity Environmental variables
LR ViR Link 0.60 0.28 4.89 <0.001
Species richness JIKJF 5 ¥ Substrate heterogeneity 0.29 0.28 2.40 0.020
/Kiff Water temperature 0.32 0.28 2.46 0.018
S MRS Link 0.31 0.28 2.35 0.023
Abundance L in| . . . .
JEJFURLREE Substrate coarseness 0.27 0.28 2.11 0.040
5 JiF JKIK Water depth -0.57 0.49 =537 <0.001
Density JEEJFOHLRE R Substrate coarseness 0.35 0.49 3.26 0.002
e W2 Link 0.51 0.39 4.17 <0.001
ﬁﬁiﬂiiaﬁ /KR Water depth -0.31 0.39 -2.54 0.015
JKift Water temperature 0.25 0.39 2.12 0.040
Stress: 0.2 B TR IR ) R 2R S M ATAE
ZE5t, B S (SIMPER) 43 il AT 4
A: éA FF RIS A AT R ASAR AL (5%
[ ] SR — VF L S R SRy >
f." BOTERIIM . SRR, IR A SR PR
o NI M <& 21N 9 X
! BRIV OB WDt RSB A 7k
] S . 37 02 N
A i CRPUTTIRAE>90%), —ZR I IS HED Tl
YOk R UEAE . IR FRAT AR e AR R iR
R (R4 o [\, X 6 R SRAXS 2 BN
2 HRERELEMIN N GRIIHD 5 R A 3 PRt SR 2 S 1) T 22 SRR Bl R

TN B A AR R 2 bR
Figure 2 Spatial (across stream orders) and seasonal
variations of fish assemblages based on non-metric
multi-dimensional scaling
K — R B RERs e 5 A B 10 A
Gray: first-streams; Black: second-streams; Circle: May; Triangle: October.

TR DTl A >5%, H R TTHRE~60%) , HHE %
PE e AR OO R AT LS. WIIRSE ., YE BB
IRME ARG R 2 . T, SKERAE —
AR WL BATHE AR 2, Hofth 5 Fh 2R AR
CIRB T HAT R A 2, T e A e —
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PR AR 2 BEARAIE (R 5D . L IEARDG, KRS IEA RS RS T 12 5 4

EHITURHT (RDA) RFTEREE 20t 2ie 2 AHDe, JLp, U Sk 2 FuAoe, mizKiRA

WA, RSN, MBRESEWZHAN R ARG 2 IFAHR. X 5 DB R IR T

BB AR ORI K =00 AR AR 29.1% Gl 1 AL 2 iR T

(7 EAN R QRGN REERRICEER) 1 17.8%F1 5.3%) VLS ARl FIFA AR 7 (1) 96.4%

BERM (P<0.05). B AR R T2 55 Chlr 1 A%k 2 93 BAERE T 58.8%M1 17.6%) (£ 6).
T4 - CREREEBERBCEMNEEYM R RERE

Table 4 Important species and their contributions to similarities of fish assemblages within
first- and second-order streams based on SIMPER

T2 (%) FEAE (%) TR (%) RBTRE (%)
Si%ej Ii';s Mean abundance Mean similarity Contribution Cumulative contributions

1% 24 1% 24 1% 24 1% 24
SEtERE Z. platypus 18.50 19.40 18.52 15.69 44.93 33.59 44.93 33.59
Wik fe Ctenogobius spp. 6.50 15.45 10.44 14.61 25.34 31.28 70.26 64.87
R3M% P. oxycephalus 7.96 — 5.55 — 13.46 — 83.72 —
WAL C. rarus 7.96 17.80 4.26 8.80 10.33 18.84 94.05 83.71
A R. ocellatus — 6.75 — 2.13 — 4.57 — 88.27
JREZRIE) V. stenosoma — 4.00 — 1.47 — 3.15 — 91.43

AHALPE 5 23 Lear T, AR IH BB DTk R IA 2 90% I I TEZ4)F (Key species with their cumulative contributions >90% were shown in turn).

x5 #HFE—. “RERGEFZETHEUEHEZYFRESTEHE
Table S Important species and their contributions to dissimilarity of fish assemblages between first-
and second-order streams based on SIMPER

THZE (%)

kb Mean abundance SERIAANE (%) kR (%) BHTURAE (%)
Species richness % > Mean dissimilarity Contribution Cumulative contributions
AT 1et# C. rarus 7.96 17.80 8.78 13.99 13.99
WYIF 2 £t Crenogobius spp. 6.50 15.45 7.39 11.78 25.77
wlER Z. platypus 18.50 19.40 7.18 11.45 37.23
R3M P. oxycephalus 7.96 0.65 5.76 9.18 46.40
RIRIEE R, ocellatus <0.01 6.75 4.66 7.43 53.83
JRERIE] V. stenosoma 0.04 4.00 3.74 5.96 59.79

AAPE T 43 B4 HT, ANFH BTHR > S%IK B R (Key species with contribution > 5% were shown in turn) .

Fo6 BEAMELMESMRTEMXR

Table 6 Redundancy analysis of the correlation between fish assemblage structures and environmental factors

Gortp i1 2 3 “ha

Statistics Axis 1 Axis 2 Axis 3 Axis 4
HFIE{E Eigenvalue 0.18 0.05 0.04 0.02
YFh/ERETAI e Species-environment correlations 0.78 0.73 0.66 0.53

ZRUAR S 40t Cumulative percent variance

YyFh By species only 17.80 23.10 27.50 29.10
YR 5 3R8E By species and environment 58.80 76.40 91.00 96.40

i ia) (A5G Interset correlations with axes

JEEJFUE T Substrate heterogeneity -0.14 —-0.43 0.38 -0.19
JK¥E Water depth 0.07 0.41 -0.04 0.17
B Stream order 0.63 -0.16 -0.24 -0.02
MR Link 0.68 -0.07 -0.08 0.22

LAY C-link 0.31 0.35 0.14 -0.38
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Figure 3 Redundancy analysis for the correlations between fish assemblages and environmental factors
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R A A R G b IR DR 1 8 ) AR A 2L A
bk, SEYME R R M S E R A (Meador &
Matthews, 1992). #i4 M _EJEZ F U2 [ BL L,
IR 2 B AW DR R0 AR A DAL B L AR 2 T R S S B
WAL, RGN A 2 R R
Atk EIRKRE YR AER S (Vannote et al,
19800 JXEEIAIG PR R AL AN [F] F) 25 [8) RUBE_E ) ey 3k
RBEREA IR ER, sy i S
W= 234 (Oberdorffetal, 1993; Allen etal,
2006). CATKEITTRY], BEAEPTA ML (Abes &
Agostinho, 2001). JIKJJiZRAY (Aadland, 1993).
/KR (Harvey & Stewart, 1991). ii# (Magoulick,
2004 ). 7K (Wang et al, 2003) . FHI#E 5 (Gregory
etal, 1991) M A B ifE € M (Kaufmann & Hughes,

2006) AR R S A A R I A0 R R B
B o B TRIUK /N RE 8 S BN ) 6 T
Ak, IR SRR KR I B RS R A
AR A, PRk, RIS PR R /N 2 R e £ 2
BEVE I 2 & (Matthews & Robison, 1988).
Strahler (1957) B X € X T it (stream order)
(P Aok SR AR /)N, Kuehne (1962)
UK IX — M 5 N BRI AR A A2 A,
Jo s BERGONE) 2 T RR B S0 (1) 7 [A)
AL ERAE (Matthews, 1998). ZHMWIFE, —
G OLT, SRR 2 AP E BRI G S N 3 22
(Matthews, 1986; Naiman et al, 1987; Granados-
Dieseldorff & Baltz, 2008). AHWFFT I, FIHVE
] R b 2 el — SRR R R AR R
AR W TR, 5 EiREiR—EG
Pboh, MREEE—. HRRMEEEER. K
SCARHE SR AR I A EOR T T, =
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WA B A — e R b RO T R R R /N )
RN, AR5 BRI R TG W & 22
X4 JA Al R — P A UE B SRR SRR
KANEBEVIRR, I R AR FEE-RR
KN RARFEAT

BT 28 2 0 P 5 AR 5 18 D 2
[l 45 LW, BTSRRI A S8 2 K 1 52 SR S
SRS A B AT RIS, PR E S i
HR R TR IEA DG AMARC KR R
SRR R RS P2 B AL OG5 B 5 i JoORH s B2 1 AH
Ky AHSIKESANIG: B AR AN FREC S it
IKIIEA G, RS KRR H T =IO Ry
SETBE Bl km s, Bk, WEEHK
/N T S MR U KD S TR S R IR K
(Shreve, 1966). AHFFTES AP i = 2 P Fh
e AMEBONTE A BN Fa A () IEAH DGR, PR
UEWT TR R/ IR R ZAEVE R S . WA D5 4
TGN BEEE, W4k R FEH /KR ETE (Vannote et
al, 1980), fifke T AWIFTPT Eas 7KL B A RAMA
B EAHINE o T RERS AV It 0 2R S it JE S (Rl
5307 (Bain, 1999), & [ WS B 5 & (1)
BARPR 2 — o AN [E) M ARG JEL M 3% B T e A AR 22
e, PG, JEBERN CHUREEE) S5 2FE0 it
B WRER A S PR 2 i e H 2 FE A A LY
i (Matthews, 1998), XL n] iR A 5T 45
HP R O IR RS 52 5 e R S A0 SRR . AR
HIER R WAL, ABFFE o £ 5% BRI AR
AR EC S KR BB, FIEEKIR Y
BAKADNIIIEA G, 24 R “HaR R
WK/ RRMEE, WReRE A (1) AREFFH
£ bR AR A A H 1 2 e A 28 A8 )V K K8 58 B
(R, ORI RE R J) 8 B R /K B0 v IE 8 X
B, (2) [FRAKIRMI LG, 3Rk A1 AR A
RAEFCRAIIL 22, IXLLH A e T B ST 5T 45 3]
AR 2 o
32 BEFEEMNTETL

PEBEER RN R4, 0 R RhHOE TG 2
AR B RPN B AR AN . VAR BRI m) A
BRI R/ INBE B2 (1) £ SR 20 e e Ak, Rl T o o e
BEERSEHL, B “H AR (species replacement)”
F“YyFhiEh i (species addition) ” (Matthews, 1998).
TR B EARIRAEETRARARAY,, W IR LG Ik
P b RIS R RR] REEOR AR, AT

RI PR SN, WrRP A ) 2% )
A R AR BEVE X R (zonation) (Balon &
Stewart, 1983; Huet, 1959; McGarvey & Hughes,
2008; Rahel & Hubert, 1991), #5854 4k HAT I 4:
P, a2 Rl 2H Rt 3 A A A, BT
PR B, N BOBT R > P M E AR AR
Wedho 2T, R BN AR S TR
WRER I — MR E T4 (nested subset), M2
HBEVEIRE (nestedness) %)) (Sheldon, 1968;
Evans & Noble, 1979; Schlosser, 1987; Taylor &
Warren, 2001). ASHIFT £ SR04 e L REAE
N AL IS SRR W], BRIl SR i 0 R Fh
AL AR AT SRR B R, XTRe s
IR H RIS IR A o 2P
Ko AWIFARFERRRE TAETF (T HE,
R W BEIE SE A, T BRI S R Rl Al
)22 [ AR AT AE— 7 BRI S . LU RAEY
PRI A, 2P IE — T KR A (R AL )
T, H AR T LR 70 A 5 Bedl IR N A 5%
(Yu et al, 2013). ERKIHIBEIRGLT, ZHFL
IR S KR BRI B, A =S )
W, AT HAELLE, YRR T BIE I,
WA Ao PI, ABFEE RN, Bimakyfh
A et A A AR A, AR TR E X
BN R AEAERREE b, 3B 5% X S ) A0 2R X R
AR SR 2 AT K ARG, Rim ARy Fh
AL P A T AR AR, A LT AN P R i
H P9 1) B S T REAR AT E W ST IR R A
(8] JUPE (Naimann et al, 1988; Rahel & Hubert, 1991;
Roberts & Hitt, 2010),

PEAh, BRI AR S —. )
B EA AV RESENEREE, BERT
SHARA AR R, TEEEAR . kK. Sk
3 i 260 L 288 1S 00 AFDGS 22 1) 22 TR AR AR B 5 1 AES FT
Forpr, SSKMRAE — R T HA w2 L, mit
fity 5 Tt AL ORI I 2 R . BRI RY)
Tl ZH RS 1R 2 1) A A 5 AN TR 49 A 00 A JEL b 328 95 %85 1)
P& (Southwood, 1977). XfF ik 6 B2 =,
I M AE Ay 5t 3 — R UK N6 9 T A2 VL4 AT
TR —Rh B, AERT R LI (gL
PO HALE TR R KRR AN LR R (Yan
etal, 2011; Zhu etal, 2012), ABFFHITCAHT
a5 RAMFRWIZW R 2 [ 5K/ QRN AR
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HEGD FAHK. WEEHE. Wylh R R s 28 RS
JR SR SRR 2R, X BIR AR IE N R AT (Canw)
IR A0 ) BB AL A R L i 288 6B 5 1A 4 %
HEAE R AN AN E R S 5D, T v A A R T K
WS AKEFER K. TURATE KR,
TRKH Tl 5 ER o B M 2 AR A b T B B I
AHIRAR G /K ERAAH G, WMR P £, 5 28 1 R v 4
fig gy 22 J5 W) T SRR/ IEA G . AR b, B
TSR I PR £ 2R 50 52 JRy S R b A et
PEL KGO S E (EEg. B
MICERY WECEEM. %455 Osborne &
Wiley(1992). Grenouillet et al (2004 ) Smith & Kraft
(2005) & Yan et al (2011) Z5[RF5T 45 Feaeh—
B, HE DU T A SRR IR 7 A 2R A )
TEFE] Ry A0 2 Uk S A AT A S
3.3 BEHFENFTNHT

1 RV T 2= 717 B A 52 AU A AU 1 PR 3R
P55 (Belyea & Lancaster, 1999). it YR
RIS, B A5 AR s gt CEAE,
Wea) 51k A AP AU V& Z 1 a1 2
ESPIE TR SN o o Nt B | N
£ 2T ) S0 1 AR b A A T | R B SR A
A4S (Welcomme, 1969). HLAMNETE R M
T BRI TR R A ey, s DA S AR
TEME SRR B T shaA, AR BURR
10 TE YA A R B R AR N A2 4k (Grossman
etal, 1982; Matthews, 1986). AW LI, Fkifi
TIPSR AR BAE 5 A K 10 AR 8% 257,
B 10 eI A%, 2R A R an TR 20 B
mT 5 H, R R IR AT REA M . (1) b
SRR AT A X B I A PR RK T TR A

Bk
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