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FRIERIE R, RAFEE R . dE—2Eto e,
TR TR R FOVAT S P MBI A 2SR, TR T TR
WK SCIESR A, R8RS 1 YT 37 PN 7K A A R AT
B ( Muneepeerakul et al., 2008 ), HAFE 50
KITCEMES W) o3 AT 0 FENE ( Statzner et al.,
1986; Cobb etal., 1992 ), & ALinfE FI] 5745 7K 3C
TSR A AR B, X T LIRS A e ety
H B B e sl 8 oy S BB BB S, T H R
KT UCZEMRSE, MARA ARHASE R . Sandin et al.
(2004 ) M5 RM, TERGMFI RN Emé Jikl, Xt
R JEC G S 0 B T S T B Ay S S ) SR YT R T 7K S
TESUVERIE , 17 55 A 524 I A T AR BE (K 7K SO
5 R 1 0 R JES G sl 4 A Ak 2 T A i A
( Statzner et al., 1986; Cobbetal., 1992). ENH
6 TR A Sh P BETE R AR 5K SO SRAFIE S R 1Y
T RAFAIRT D, A MRS A L% R
TITE K SCESAREXTF R AR s B 52
B2 T R K SO AR X A= WIS P E o
MBI YINE R KA S R G R RAEREE , A AR
SN LR YE 2540 1) AR SO SRR T, BR5TITIE F
] FR K SO SRR RO AI X BB, o8 B AIE
NI sh P REE S T o6 2 0P8, P el
Wi sh) oAk ey, B e B K- | e 2 i
FRVEM DL ARSI Sh Y, HA B NREE .

T IR HAL = 5= 5, VR = B oK i)
A, A2 ER K B B AR SR o X KA 3
YIS IREE R F 50 R AGAH SR GT £ B, JK B A F
R BA . BB AT KRG Sh R T
B3, JEPE HAM R ZREE ) B N 7 (25452
&, 2011 ), (HIKSOESURHIE, JUHZ AW I
IR SCAHBRARAE , XF T KA Sh TS () R e AT A
A VE RS EIEIA R, A SRR K SO
SAEA AR/ WA WA N T AR
AR, EHOKSOE SIS R 22 2 0 H 25 18] 53
PR L, A SCUUE MRS X e, 3T
2012—2013 HyF=7KHH KT JEEA sh Py il A 5EkE, 38T
A R B K SCIE 5 IR 7 6 R R SR s ) e 5 45
PRSI, R A RIS A A 55 % T IR WG sh ik T 4%
PR AFD BB, LA R TRt SR G sh 0 () A 4
A 4 W 7 FH B AR AR
1 BUEFFE
1.1 HREEMEERIEZE

TR S AL 25 5 R B R (24°29'~25°28'N,
102°29'~103°01'E ), Wik ALK 2920 km®, JEFk [
AR — EHREON ALK . RAEER
WIZEH, POARBILEK, RIGEARER, UG5
tr, RE, EHE T RITRRESTIKER, WG

WA, WAL N 300 km?, &2 5w R
MR AIRAKIA . ABEKERAE 12 4, FEAW
WA 29 4%, REORTEAED.

REES IR E TN . RS AW 29 &F
T, KE S RIBR LY 5~10 km H5) (& 1),
FAATF 55 MRS o BRSSP R ] BEAIZCRAE S
FIH: F37 5 km A0 TR RO EE .
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Fig. 1 The distribution of sampling sites in Lake Dianchi Basin
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WA T, A 20124 R SRV 48907 I AI
TP AIMRES, 20134E7E 4255/ N
A 14 . KBRS 0 REEEHTRIF N 1/16
m I AF AR R B . B CR AU, SRR
TPERE S RIS IR N WS ST . 8B %%
RAM, R 40 H 194 I8 i R A AR A7 i
T, B RS S AR 7% FF ST 30
mL BURPI o EAEAEE ST R B AT Sh AN
[ AR UER LG T AR, ARPERAESRIT D AL
B ARG (SRR ARG A R R ), T
FHUELR KRG sh iR R E e, B TFHRTFRF L
Frar, JRMshPrIRREE 3R

IR SCIE SR AE 1) 9] 2 = B2 6] 3 AN 5
Mo WK SCESREE, WA SRR . Wil AT
BB . 58 . WEMERE | TRITA SRR . )RR K
TR o, MEIRERE | AT B A AR R A SR,
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FEFFI 1 1 50000 DEM ¥ o 1l 7 K SO S
fiE, VA g op X R a5 . R s
FA AR ES ] s G b X 1) D LA B R R R
P 1K 4k Z2 ) I B8 55 AR 4035 1T A0 O
(Barling etal., 1994 ), #ffi O s A BT 3t i 7]
R MIX GERE N 30 m. dBid7E ArcGIS10.1 g
STZE AT, 3 ZE rheis A A EEE (2007 4F)
i) Intersect 2347, FIH Summary #1755, 5514
DX LR I, Hodr, S ap e SRR
FE SRR IO )BTl BE P45 30 m BTl . A5
PRABEFEPRUNER 1 P

1.3 HIESHFHE

1.3.1 Shannon—Wiener % # 353

K TR Sl ) B VR 1 A W 2 R R

Shannon-Wiener ZFEMEFEEL, HitE AT .
S
n; n;
H' = —Z () toe= ()

LA, H"”A Shannon-Wiener ZFEEFEEL, SN
YR EEL, N RITE YR EAERE, 0 RS | R
A%

132 itk

TESATRT, TR EAE T, B4
B AR A R AR E AL B E A T s i e
FEUCIERN [, [RIERh i h 2B S A AR = B
T 1%, B HATEAT—FE LU EE>3%
M) o EEXPE B AR B RRE, AR SR S
RA4Pr (3ETF Bray-Curtis AHRIM:, #E Primer5.0
Bprhoenl ) 258t (R SPSS19.0 #fdoe
W) AT AT AR R BOK OB R0 25 57405 FHXT K
RS iETE Sk SOESE TR R MR, Bt
iad Spearman ARSI PRIESS R Z B A 40 57
PR, FRAFHIEXT N 7387 (CCA ) Fm M 1 43

Mr (pCCA ) RIS R AL Sh k75 5 R B
ST TE K SO SR R 7 Fin] 2 K SOBSRIR 7, 5t
A AR, 2 BT E CANOCO4.5
T,

2 SR

2.1 IKXHSRIFHE

MR TR AT , (A 7.2% 7] B 20 i AS
ST 4 (isrh 8), ZANWBHRIRRZ N,
FURI IR, NS BT R RS . TTIE
WAL AR R, RiE 62% I RAE S TIE # it N T 3%
H, BEH TR sk DT BIRHE.

T A TR K SOESARIE R
HF 12%ALIE, ATRREE 55 ANB A 3 2K,
WK 2 Fise 2ZHTIZERFE, 26 T S B
FEAFEZ NET D) BUFIX I, HAS 12809
T 5E B B ( F=5.957, P=0.005 ) F ] A B
(F=14.677, P=0.000) A& 505 11 2SH5 11 25,
8O0 R B EENMAEZ AR TR AIX
B, HW TR S T HE WA (F=60.133,
P=0.000 ), st 5 28 AL T HE W (F=5.373,
P=0.008 ), /KIRZ R ZE S THEMWE (F=18.703,
P=0.000 ). 55 TIT = ZRA4m Bt R B e 2 3 — T
YA R B, AT 5 | K IR R e R A T
TR, iR RI, ARSI
FRABE Bray-Curtis AHUPEERTE 41%~96%22 1], #f
APEAR T 50% 47T BE A2 [R] #E B4 K
2.2 BEESMSHE
221 BFHUR

TEh AR 2012 4EFT 2013 4 7—8 H
LR KRRz 3 177 13 BF 15 J8, Hp 3153
Y3 R 408, 5 EIBEE 26.67%; HUCHEIAS)
YT 4 B 5 &, 1 33.33%; RN ISIT 6
BL6 &/, 15 40%, FETYREELSER, FEHREA

F1 EHMMREKCHRHERR
Table I Hydromorphological indexes in Lake Dianchi Basin

A 15 TE Ly I (R ME, RKME)
TEY AR
A Substrate HRYERLAE B d BV IR W2 G A T2 IR T 43, ELRRRRE U0 A1 s 22 Tl IR 1L 150, 6)
’ ] TR FNANVD 2 22 1T AR ELAT B v (A 4 2 e o
THE N T AR Channelization G LR, EA T 5 WA TT 43 1.5(0, 3)
58 Width T TR O LRI R R BRSPS S 5 3 9.3(0.4, 38.6)
YL iy Sinuosity PR TRT 3 HH O 2 5 T TR O R Y LA R, 7E AreGIS10.1 HHE455] 1.2(1.0, 1.6)
Vil 3 2 1h RE () AR NN b S b s B B % Al |
T Slope ﬂf}féﬂﬁfﬁ?ﬁ&%ﬁt Shy il B I T T 0 TR I A% B R R o R 25 1 (B AE 0.01(0.001, 0.06)
YR Gradient AL IR AR, AR S B R R 22 1Y LU (A ArcGIS10.1 15453 4.05(0.09, 23.29)
K Temperature KRR EE(C), I ISE RS 3] 22.3(13.4, 29)
YA N T
MRHLE 53 L Forest PR b Rl T 2 ety TETRR P B 40 L (%) 21(0, 68)
WHEH L Urban I ML o 2 vty TETRR P B 43 L (%) 16(0, 96)
AHE S Farmland A FH R AR ] 2y % ety TR AR Y T 43 LE (%) 50(0, 100)
HE M E Others HE A AR 2ty G ofats TR A 40 L (%) 12(0, 53)
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T I =2 7K B KR A 2l W B I 454 DL IR 1 3 )
TR RS & ( Branchiura ) NIEHE, THEH
PR i 0 IR IS . FRAT S TR 7K 22|
J& (Limnodrilus ) 14188 )& ( Dina Blanchard ), V)
NAThI TR E ( Chironomoustentans ).
2.2.2  Shannon—Wiener % #1354

T IR KR 3% Shannon-Wiener Z4%
PEFEEAEO~1.19Z (8], ZAEHEMAR, WER2FT7R . 55

* 2 HRIE KB RESN YRS SRR

Table 2 The diversity index of macrozoobenthic communities

in Lake Dianchi Basin

AR H' substrate FERL H' substrate
BX11 0.39 1 173 0.42 0.5
BX2 0.73 2 LL1 0 3
BX5S 1.19 2 LYl 0 2
BX7 0.69 35 LY3 0 1
BX8 0 3 LYS 0 3
CH1 0.23 4 MLI1 0 1
CHI10 0 4 ML3 0.59 1
CHI12 0 1.5 NCI 0 2.5
CH2 0 4 PLI 0 0
CH4 0 5 PL11 0.64 3.5
CL2 0 1 PL15 0.45 5
DDI1 0 4 PL2 0 0
DD4 0.64 0 PL20 0.95 3.5
DD5 0.75 1 PL21 1.08 4
DD6 0 4 PL24 0.87 2
DG1 0 3 PL27 1.17 4
DHI1 0.29 3 PL29 0 3
DHI13 0 3 PL30 0.59 3.5
DHI19 0 2 PL4 0.23 6
DH23 1.04 1 PL5 0 3
DH24 0 1 PL7 1.04 1
DH26 0 1 Wil 0 1
DH4 1.04 3 WIBX1 0 0
DH7 0 5 XB1 0 0
DQI1 0.36 1 XBX1 0.27 0
GCl1 0 1 XYL2 0.56 1
HH1 0.05 0.5 XYL6 0 0

JJ1 0 0.5

n=55
HbR Bk X E T REN
Fig.2 Clustering analysis of hydromorphological factors in Lake Dianchi Basin
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Hh TR GRS 11 22 BOR TR AT Sl 1 %% B R AE 2 000
ind.-m? DLF, fUARBUE . & MR (Radix) 43
SFE XYL2 Ml BX11 M)A % B8 10000
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HEA AR B ALAERE, Wi 3 R, T 410
21 SR FUK 2215 JEm AR, IR s T Lol s
ik 84.6%, ARSI TELEIN 15.4%, ANFAETT
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Fig.3 The distribution of relative abundance of macrozoobenthos in

different types of hydromorphological conditions
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B ]; 2 LR ERs R Aok 22 5 & IR E ,
HETE Th T R T LR 71.5%, S84 1Y
Felh 12.9%, ARSI TR EL BN 15.6%; 1.
I, I 20 DA RS s MU i3s3
FTR LR 51.5%, RS 1A sl Tk He
153514 17.0%F1 31.5%.
2.3 IKXESRBFAEE LK R

XTI AT 2l W) B v A ) 8 B AT o b
( Detrended correspondence analysis, DCA ), 1534F
fE(EN 5.566>4, AR HIHSEXS 704 (CCA)
PRIT AT Sl W 1 V% A5 1 5% B ROK SOR SRFRE 1) ¢
A, HERIE A SR XA s A
M IASE N T, IKSOBS N FEE L Tt IS
FRAL R B AN AR O, R H A HE 5L
WHRME . A, HE A E S
WEME R | E YR . K E . Mantel Carlo 43HT
R, RN, A, HE A,
JKIR . B IR A TE N T AL SO T IR sh i
TR R % (F=4.316, P=0.002), X} FIEHishY
FEE ALY TR R 36.2%, WA 4 Fi7R,

<
-

A
other landuse XBX1

channelization

LY
A DD4 GC
DII23 te&g

A
AD] 14
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B4 KXWIREFRBEBEINMETE CCA PINER
Fig. 4 CCA results of hydromorphological factors

and macrozoobenthic communities

T 2 K SCHE 35 R 38 7K SO B 08 R R ISV
YR IR AR . T 2B P B AR R
Bk, SRR CCA MMt A5r 200k . Z52REM,
T 7K SO BN 558 T R B TR A s W e 114 ot ik
FIE 21.6%, AT K SOB S T4 T R B 5l
PIRETE A STl 9.2% , T 1928 BAF FH BTk R
N 5.4% , ITTE K SRR -4 TR BLR W Sh Y%
AL IRTE

3 iTfig

T3 7K SO A FR T 38 7K SO 35FIT R 7K SC
TESPIAER . HETEZWITIAR, ] 55 7K
SCIE 50 25 A28 3 52 M) Y 38 7K S 2% 124 1) 4 5 e R
RIS iEYs , RO E T3 7K SO SR A0 ST
YR FEARIESE D, B
T 7K SO TR B CAR S s i sg ek,
DTHRARARI BT K SO SR 2.35 A5 o X458
5350052840l ( Kail, 2003; Statzner et al., 1986;
Cobb et al., 1992), Xf T, KM
(Al . B RS ) SRR KR A IV
KA EENRZ — (FAE5E5E, 2011), M
Sty ) FH O 3O AT I 8 K R A R
PERPER (FNEAESE, 2011), FBIW R K SOE
SHAC A X T IR Bl e U 0 5 e B b N i
( Marzinelli et al., 2009 ) . {HFEEM IR, T A
TR, BRI S, BRI T
A L )] E ) S E S FIRE i 8, B RAY
F bt IEVE I JC RS 80 &, NN BOE it i
BRI o 7K SCIE A5 % R RS A sh W A v 445
T4 A e EL 1R

HE— 20 1300 3B AN [R) 20 A7 o R AR RS A 31 ) 1
TSR] LUE Y, B AE R KA EAR 2 ) 0 A A7
FGE sz, HoK SOES R R T RAEURM 39
HETE DTS M 3G o A BT P B AR B AN ]
WAy, HRE SRR B — 8 WA DG
(E 4), Hor, 38 S8 AL REIE i A 52 M 18 A= 5%
Bt A= 5% 2 (6] ) SRR R R RE S 8l , A8 1]
HEIAAIE N FREY R b, SEURW YRt
VEEERI AL (Klein, 1979 ), Ta[E 3 RT3
KINFEMASER, T it T 552 e S e A R 2 RN AR
FEHESZR I S (AL Z2 R ( Wallace et al.,
1996 )o kL FR T 52 M AN [R] 3 Y 2 B B iAW sh ) 2
B, I S AR A R, S A P A R RN
MEAKEE (Johnson et al., 1971), TN T
KIS A A o B2 (K 4),
AR F IR RER R 7.9%, BR300 KA e 5l
YIRS e R 1

JEC TR A sl 4 1 B A A, 550 AT sh )
BRI N EY), MBI A S R
45 s i) R B TS AV B ) T 45 4 B o A B
% 2 —( Arunachalam et al., 1991 ; Beisel et al., 1998 ;
Reice, 1985; X5 2%, 2007 ), JEATKAE RN,
SEME | S SRR R PSR IRV Bl ) 2H RSk
520 (Buss et al., 2004 ; Beauger et al., 2006 ),
SIS RIRIE B EG, IR Bk AR e el
] R AT AT B2 REPE R A= i 8 M, T A= i 8,
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W Z e R, IS R A ) 2R A
A% B A 0 O A ] BRSSO B AR s 4248t 1T
KM TR, HAER AR sh PRt T K=
[ A A7 28 R FLREME S BT, A R AT sh i i A= A7
(BE2EAESE, 2007 ), JiCTR AR Mt T il AR
PUBTHE & R 2, 3 AN U A i S o i
L AR SRR, W & R
7% (Cobbetal., 1992; Fleckeretal., 1984 ), JiK
FAEMIE R AT S, A FEURHIS I EE . &
Yy FE BERE (A ( Beisel etal., 1998 ), b
Jal AT IRT IR ) DS IO A 4 SR BT R T AT B AR IR
ARG, IR BCIRAL A2, HRM A Y 2R
EIARAILE R (F22), EIH T IV 5 o e e
BEYAT L JECAT Sl A 1 22 PR 1) DG B PR 7

(ERC IR A AR 2 eh YAl N A2 X m]
T R AR (i, 7Ei%0F58H, it Spearman
AW IESE T A A TR I 14 P 5 i R S T A AL
FIZ, T4 RUER, Tl TE B TE b5 i R 3415
SRR EHE R-0.374 (P=0.001 ), FEHITERE{L T
R PBUR R R PR F BRI 22—, BEEE
NTACRREE G, B T R .
{HAERE N TACRR EEAR L AT B, HUR R34 1545
R, X5 0] A Al TSt s 1] 25 AR
%, FUJEFRAERE L TR feig 5 [ ARIRES
HITATRIRE, (HARKEEHAR (REEE,
2004 ),

SRS S /=i e B <112 = R LR T
TREGEREANAESBE TR (5KE, 2014).
AR AT T8 7E — E FE R LA UE T K IR S A 4
B, AEXERMRIZILS, SEURT SRS 2
R R R ZENIRS, EBBRE TR
N T BEIRTGE K SOES . FARK A S R G W EE 5
BMERK AR Z R AR SR TR Hik, R
T YRS Tt T O TR IR AV sh ) B TR 1 2 REME RN 5
B, E# RS R LIE O E XS A A
5o FEXHE A I R, X AR TE Y iR
Hl7ES/NBREE Y, RATREFIHELE B AL, fk
FILJ3E M BE T T8 1 ARIE S (BRIE, 2008 ). XFFm]
FRARM B, SRAVES LY i, w8
X IE B AR (BRIAIESE, 2007 ), XFFE
N TR T HIITEE , BEREHE A AR IE, 1B
FBRiniE , R E YRR B2 AR TR A 2R
RES, PRERMTERE ) L0 Em PE e s, DOmif
TEIA] T FNYA] 27 22 6] 1 5 B P R A R RE i 3,
PEm A A BT B BRI B IRELRE ST o EL XA
TR, X IRER B, Rt skiish
YIRETE AR BT o 15 Y™ H YRS U8 DU m SR FA O

Yo s G R E Tk T e R (2R,
2008; BEIEMRSE, 2012 ), FELLIEAE L, JaE i)
R AR A B, IR HRAMGE R, ke A
M LA 3 In, PRUEI A A DA E FH Y IR &
, RS R R .

4 5ig
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Influence of Hydromorphological Factors on Macrozoobenthic Communities
in Streams of Lake Dianchi Basin in the Wet Season

GAO Zhe', CAO Xiaofeng"?", FAN Hao', JIANG Dalin®, HUANG Yi'
1. College of Environmental Sciences and Engineering, Peking University, Beijing 100871, China;
2. School of Environment and Energy, Peking University, Shenzhen 518055, China;
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Abstract: The structure of macrozoobenthic communities was shaped by multiple types of environmental factors. The
hydromorphological factors, determining the physical habitats, were closely related with macrozoobenthic communities. In the
context of lack of corresponding researches, understanding hydromorphological influences on macrozoobenthic communities was
valuable for extending our knowledge concerning relationships between macrozoobenthic communities and environmental factors.
Based on the ecological investigation in the wet season from 2012 to 2013, the aims of our study were to identify the key factors in
channel and riparian habitats related to macrozoobenthic communities and determine which type of factors were more important in
explaining the variation of macrozoobenthic communities. Canonical correspondence analysis was ued to identify the key factors
influencing the whole communities. Partial canonical correspondence analysis was also applied to compare the relative importance of
the hydromorphological factors in channels and those in riparian zones in structuring macrozoobenthic communities. The Canonical
Correspondence Analysis (CCA) results showed that the key hydromorphological variables related to substrate, channelization, slope,
water temperature, forest percentage and other landuse percentage, which explained 36.2% of the variance of the macrozoobenthic
communities in total. Forest percentage and other landuse percentage represented the selected riparian variables and contributed only
9.2% to the changes of macrozoobenthic communities while the other four factors explained 21.6%. It was concluded that the
hydromorphological factors in channel environments played a more important part in structuring macrozoobenthic communities than
those in riparian environments, which will be of great importance to biological monitoring, ecosystem health assessment and
diversity conservation for macrozoobenthos.

Key words: macrozoobenthic community; hydromorphological factors; wet season; Lake Dianchi Basin



