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Community Distribution Pattern and the Affecting Factors of Small
Mammals in Qiandao Lake, Zhejiang

ZHAO Qing-yang, BAO Yi-xin', SUN Bo, ZHANG Long-long, HU Zhi-yuan

(Institute of Ecology, Zhejiang Normal University, Jinhua, 321004, China)

Abstract: During autumn 2007 and spring 2008, we surveyed 14 islands, with a total of 16800 traps, for small
mammals in Qiandao Lake, Zhejiang to determine their community distribution. The captured small mammals belonged
to 11 species, 7 genera, 2 families and 2 orders, including 9 species of Murids (Muridae) , and 2 species of Soricds

(Soricdae) . The results showed that the small mammals present a non-random nested pattern in assemblage on the
islands. In terms of larger scale perspective, the species of high adaptability were able to adjust to the various
environments, while ones of low adaptability only survived in particular circumstances. Plant species richness and habitat
specificity of the species were the main ecological factors that influenced the formation of this pattern.
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U5 eh BRI A, 22 Bt o I IAE RO 32 5 1
KB, X ARBEAL A i SR d fi 4 ik 45
(nestedness )  ( Darlington, 1957; Amburel &
Temple, 1983; Freemark & Merriam, 1986; Blake
& Karr, 1987) . Pstterson & Atmar (1986)
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ZH A3 A RS R ST (Whitcomb et al, 1981;
Pstterson & Atmar, 1986; Dobson & Pacala,
1992; Lietal, 1998; Honnay et al, 1999; Fleishman
etal, 2002; Fischer & Lindenmayer, 2005; Greve
etal, 2005) .
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Fig. 1 Locations of the sampled islands in Qiandao Lake
O —@ W55 (@O — @ are the number of the sampled plots) -
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X dbs, AximziE, PUZ=or, 4P
WA 17 °C, SPEIBEKE 1 430 mm, FEAHRHEE
76%. T B DX R Al 2 T W ARATY B SRR, W
By WA LR SRR A 5 RS (Pinus massoniana) Fk
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21 BlsgE

2007 “EAKZERN 2008 4EFHZE, 76T HiEE 14
AN R T (0 B W5 1 R BORE Byt 4% 085 1) 77
KDL 1, FRESHOLE 1.
22 INEIERMEFE

H 4 Terborgh et al (2001) [HHFST I ik4s &0t
TR SE BRSSO, T S S G AR A (S)
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AL ENE. o, RO IR A 1)
B (mm) 5 YRR /N o3 A B WS T AR A )
T R (1 BN By USRI T AR (hm®) 5 ZE 35 G @ PRI
A2 (Zhang et al, 2008) [HIXIrtniE, BT
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Tab. 1 The traits of the sampled islands in Qiandao Lake

BT E m COCERURIRE RREAWER e s mem oD
Number 515 Tsland Area Distance (o the Distance (o the nearest Plant species &394 Number
of islands (hm?) nearest mainland bigger island richness Class of mousetrap
(m) (m)
1 J+1 Jieshou 1289.23 897 897 198 L 900
2 KWz )k Dafanlong 109.03 965 132 86 L 900
3 il Gaoxiange 55.08 954 506 59 L 900
4 FWR Wushifan 46.37 730 155 51 L 900
5 ZR1'] Dongmen 32.29 1937 471 57 L 900
6 A53504-2 Chawuling-2 12.02 1158 64 65 M 600
7 Yr#k1% Zhulinwu 9.12 24.5 855 35 M 600
8 % Zhongdao 29 1785 497 85 M 600
9 %T'¥%-1 Dengta-1 2.83 1238 155 86 M 600
10 Hri3E Qiaowuping 1.67 570 12 80 S 300
11 JT$%-2 Dengta-2 1.54 711 73 88 S 300
12 %5155 -1 Chawuling-1 1.08 1271 33 43 S 300
13 $£ /3% Lanwangtou 1.01 2104 41 36 S 300
14 17423 Zhusiwu 0.97 597 63 30 S 300
L: KAE (largeisland); M: HHLE (moderate island); S: /MK (small island).
> 4B / ob H S > Iz
A B RE BT A 80 TR 0 ol I 5 e IR BBCRE: 5 U T= UYE) / (Si+8,) (D

JEALEAE YT, A 52 B BEHLIURE B AR
(AT IR B ik, HRVR RS
i (Aguirre, 2003) THE AR DM H T

(species turnover rate) :

b, SRR MBI BAT /2 L B PR AL,
EFEAERKTE O B (e N BL I R A, S /0
S 73 HHEPIA TR B I L IR S T T 0
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2.3.1 Random placement 147 A Y A5G
Random placementf Y CRI7E—AN X35 Py it AL
SRR PRI e 5 B R BEAL A A
fidfiiRandom Placement[F#E R THELAE AR Jalt1 5k
A By U _E R A S ERAELS, -

N

S.=5—Y, (="

i=1

(2)

(3

S KR k ADMIRE LRI, o 24
HFR a 1) B USRI, 4 T WEIT S5
SRR, ni RIRAERA a (55 kA By B55 0 A
wR AL G=1, 2, .
T I FH B 05 PRI AT T AR o IR IR SR AELS) (RS
By EREED , RATGEFIEM S A (0 SO 5
TAS 2 A - OC R MZ I S R WA IE
i, MEERAES B L@ BN A, St
X () AT
232 WERENEN T HERENEE, &
BRI AEBE S I 5, DL 1 B 0 FR7R“H
I AN IR SRR o FEARWTTTR, RAEFAE
FE 3R % ( matrix temperature ) I 5 ) 5 1k
( BINMATNEST )  ( Rodriguez-Girones &
Santamaria , 2006 ) K & b ik B & K .
“BINMATNEST 23X i \ I H MEEAT e K AL HEA,
R MR T, T=0'CRRE 2 ikE, T=100C
RonstabEll. SIABBAEAREL, “BINMATNEST”
fEHT T — A A T STV, e AU AE T
AR R T H B AR ). 5 T I
BINMATNEST #2t 3 F' null modal %45 %347 &
FERK:, o null modal 3 FERF ST H HAIE S fig
204 4 BN HIORE RS 5 25 1 1) 5% - (Rodriguez-
Girones & Santamaria, 2006; Moore & Swihart,
2007) .
233 WEREMYIERR 41l BINMATNEST
TG 15 2 5 W BlORT S 05 1 R SRR A ik A
(nested ranking) , A LAHIRE —2En[ g5 2 AHG
PR R AT LU, AT R] LA E 5 1 BRI PR 3R
A5 H Spearman J¥AIAH M43 HT (spearman’s

o=a/A

rank correlation) [ 5 VAR 45 84 (1) 5 )[R 32 64T
ST R HHRE P41 A By U5 )7 20 F A F (14 1 1) 43
5 W () AR SRR AR 2 0 W R I A i S 2 H
ATAHRYE T, WA DGRBS, U6 BH 437 DR 255
TR SR T A W 3% 529 (Schouten, 2007)
234 HUFESRJEXHIRERER 2w BORE R L1
ANTF) 2> B S FIHORE 45 R (Rich, 1998; Dennis,
1999) , & T fff e HORE S B T HORE &5 R ()5, G
R B ECRESR . (A EUhm®) , RIEIR
PRIRESR L (PRI, 2od SO HURE 5 BE vy FIMIG 11T 5
W, AT e o vy B 5 PS8 AR IO 5 B2 1) S 05

P B R s Ak R K 7% S v B B AR G it 8K
P£SPSS 13.0 11T, P<0.05h 35 7%5%, P<0.01%
W& 75, P>0.05 HE R AN EE,

3 4 B

31 EEER

14 NEURERIG, SRR I 16 800 H, fligh/
MEIE 1037 2, kE 2 H 11y, Hdmgii H 9 #
TR H 2R, SRR AR 2. &)
R AT AR AE TP AR Kl 62~240 mm; WFh BN 7y
AT BTN 0.97~1 289.23 hm?; L @R
1~7 (£3) .
3.2 Random placement &4 7 £ R

I ifRandom placement 7! (A 2) T
5 B UG R AES, S AR AR £ In (o)
MR RWIE 2. M LUE S|, B 505 g
(observed value) #5155 i SR (1S, M54 0 2= 7+
1M 1] LAADE 5 Byl E R A & L A1

—
o

B m  Observed value
o = Linear of expect value
(o]
2 g
z
g 1F ]
&
£ 6f "
= 4 F [ ] [ ] [ 1] [ ]
% 3F [ ] [ ]
g 2F = [ ] L]
1 N N L
-8 -7 -6 5 -4 3 -2 -1 0

FEA AR H {1 (o)

K] 2 szprifi A4t A Random placement 7
TH &5 R EL L
Fig. 2 Compare of observed data with consequences
of the hypothesis of random placement
—: TUMMES,: m: SEPRHELER.
The solid curve (—) is expected number of species, and the observed values

are shown as “m”.
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Tab. 2 Individual number of small mammals capture in Qiandao Lake

% Species 05 Islands
1 2 3 4 5 6 7 8 9 10 11 12 13 14
K8 Crocidura attenuata 7 15 10 0 15 28 1 1 o 1 2 11 4 0
437N E§ R C. shantungensis 1 9 6 12 9 5 0 1 0 1 0 13 0 0
FRAEWE B Apodemus draco 1 0 0 0 0 0 0 1 1 1 0 0 0 0
TRERUT I, A. agrarius 1 0 0 0 0 0 0 0 0 0 0 0 0 0
#1 8 Niviventer confucianus 76 138 45 116 75 67 33 105 40 24 39 27 17 43
BB N. fulvescens 1 1 0 1 0 0 0 1 0 0 1 0 0 0
FRE E B Leopoldamys edwardsi 1 0 1 0 0 2 0 1 0 0 0 0 0 0
F B Berylmys bowersi 0 0 0 1 0 0 0 1 0 1 0 0 0 0
M B, Rattus norvegicus 1 0 0 0 0 0 0 0 0 1 0 1 0 0
TR R. tanezumi 0 0 0 0 0 0 0 0 o 0 o 0o 0 1
RIS, Eothenomys melanogaster 18 0 0 0 0 0 0 0 0 0 0 0 0 0
* 3 TRPNBEISBEEFELFESH
Tab.3 Life-history traits of small mammals species in Qiandao Lake
(LSS R ) Soe /N3 AT U THITAR G R
PyFl Species Body length Area of minimal distributed ~ Value of habitat
(mm) island (hm?) specificity
WK B8 Crocidura attenuata 77 1.01 6
W ZR/NEFRA C. shantungensis 62 1.08 6
rR AR R Apodemus draco 84 1.67 4
PRERUE R, A. agrarius 93 1289.23 1
#L B Niviventer confucianus 124 0.97 7
B N. fulvescens 141 1.54 4
A E R Leopoldamys edwardsi 219 2.9 4
B Berylmys bowersi 240 1.67 3
WK B Rattus norvegicus 174 1.08 2
B R. tanezumi 164 0.97 1
I Eothenomys melanogaster 98 1289.23 4
R4 TRHNBEEXRXUHTIERBRESER
Tab.4 Maximally nested matrix for small mammals on studied islands in Qiandao Lake
FI2K Species 15 Tslands
1 8 10 12 6 3 2 4 11 9 5 13 7 14

#1 i Niviventer confucianus

JK 3§ Crocidura attenuata

11 4377 B§ 5 C. shantungensis

R AEE L Apodemus draco

1 i Niviventer fulvescens

4 % E i, Leopoldamys edwardsi

7 & i Berylmys bowersi

#9% i Rattus norvegicus

L B Eothenomys melanogaster
PRZR I B A. agrarius

T R. tanezumi 0

(= - - =

0
0
0
0

0

oS O o o o o

oS O o o o o

S O O o o o o

S O O o o o o o

S O O O o o o o o

S O O ©oO o o o o o

IOOOOOOOOO

“1” (BHES) « “AFHE”; “O"=“AAFAE” ( “1” : “occurrence”; “0” : “no occurrence” ) o
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Tab.5 Results of the nestedness analysis for small mammals on studied islands in Qiandao Lake

) LR LIS iz E Y
T H Item
Number of species Number of the island Fill (%) System temperature (C)
JIA4T 0 All islands 11 14 36 9.94™"
LR S%IURE BRI By U5 .
8 12 34 15.14

Upper and lower 5th percentile excluded

SIHTH BT B A . null modal 3, . "P<C0.05, "P<<0.01, 7T P<<0.001.
The null modal in the analysis is numll modal 3, "P<<0.05, “P<<0.01, " P<<0.001.

% 6 JEMIRSERHFRES BINMATNEST &AW FFEH) Spearman FFIE XML R
Tab. 6 Results of Spearman’s rank correlations between ranking order after packing to maximal nestedness using
BINMATNWST and order after rearranging the matrix

By USHRE B3 Traits of the island

i H Item

ARG S RRAE S 4L Life-history traits

Area DNM DNI

PSR BL AMDI VHS

ML Small mammals -0.389 -0.099 -0.077

-0.585" 0.418 0.339 -0.916”

DNM: PR i ffith i 2 Distance to the nearest mainland; DNI: BFfifi K& FE S Distance to the nearest bigger island; PSR: ##34: &% Plant
species richness; BL: {41 Body length; AMDI: R 55/ A By U5 AR Area of minimal distributed island; VHS: L35 % J& 44 Value of habitat

specificity o

33 WMENER

FiME2 BIN S KMEH S AT R a3k 4, dH4T
BT B0 RGUIRSE T=9.94°C , K H null modal
3MTEEMHRE, EMEFKRE (K 5 .
DAL, T S0 DX /N Y P A | S RS ) o

Spearman J7 F1JAH G 43 BT ks S WS 4 240
AR B R = RS HE S R A S R T A A
SRAHSE (R F5 B =—0.585, P<0.05) , 1fi%y
USTHIAR (7=—0.389, P>>0.05) I [ It 55 5 (1 i 5
ITRBEEE (=—0.077, P>0.05). FHfUrfliibin
2 (7=-0.099, P>0.05) 3 WSHCK Bor i BEN
FHOCAE o PP AR s S E0h A AR 58 5 S8 1t HE A Ak
P51 S5 E P H A BRI E (=-0916, P<
0.01), MR I/ Ny An By U5 A (=-0.339, P
>0.05) FEKZSH (=0418, P>0.05) K&
WEAHOCHE . DRI, REA T R RN AR 8 1 e S %
TSI/ Y S R A SR DTk KIS 5 (3R 6D
L UE SY R 5 LR AR B U5 )5, 492
(RIS B W] B T e (T=15.14) TS 1) B R
W (R 5, XRBHRE A AR & 80l
EATE R BRI E, HRERHNE, &%
R85 RAR o W& i (P<0.05) .

4 #

WA (D AR A Z DT By 51
(PRI ARG (T=0.1) , TRIREAS B U5 [R145 21 1

WEABEAL (7=0.29, “FHMED o K ATA
A5 ASHIE 0o e 4 21 () BUORF: 45 SR R 2 5 i S e &
Byl IR M A RS R e AHE T 2295 H I
A3 AH AR B UG ) () R B A, T R e /N RS Y AL
AR EE BRI BE ST, MORFERR AT LWy Fh 7 & 5 )
WAL, AHAC R B9 AR N 2T 5 ek
PRIXETRY, DRI — R T KO /N R B8 SIS A 25 By i (1]
(RIS A B S i BREIVE R, A3 A5 2011 T1E
VAL S B

DIAEIRFIE o, 2 B0 i 22— SR A I 2
5g, i AREE S AR B U5 R IR 3 A TR A LG, 1T
e B PR E N A g R, ARSI ik A
B A& FEY M AR E 458 (Simberloff &
Martin, 1991; Calmé & Desrochers, 1999) . &
TRz, TSI Ryl /N30 8 2Rk S IR BEAL
AR SR, T BINMATNESS #6456 i S UM 3%
ARG S o AL AT SR IR e R 3R AT 73 AT, 45
307 SRR R 2 B AR A R AN AR
FEAE 2 J0rb 1) 28 B8 4 Ja 1 0 iR S A R IR B B
FOTiR . AR E R S RS, TRk /D
B RGEE E Z (M ks B P Ba il A
Mt RS E 2 AR (Calmé & Desrochers,
1999) , B USRIFE YY) 5 B 22 53l IR )
Fh AN A PR, AT Rl N B 2R A e R
SRS o PFhoe i S TS Y B8 ) 1R 2 e oAl
AT B AR A R R 2 W 05 B A, sk
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s T AESE L Ja M A e e B 1 505 E 4y
Ay W W AN . N LEARTE UG, 2
5L SR AR A ] LAAE 2 8005 EARE, T Fd
=5 B e 1R S U Al o ) B A S 2 R R A DA
M, AHFFEE R ) TS R A SR i .

AT, BUORERR LI 22 o S B0 k4
FREREE B i vk o B HORE B Bt s iR T RIS 45 M B
BRI TR 5, 2 BEANA R, B B L4
Al LEARIERE IR, R AT BA= A A 4
GRS . X PR S 450 56 402t BURE = 4R
1), 5 HEARF PR E S ARBTE G . AKX
FRERR 2 IR, A RS 45 4 02— Fh WAL I
% Jm) (Willianms, 1995) , 7ESEBRRFFT AT ZEA
() A2 L A BORE AN T (Calmé &
Desrochers, 1999) .

Xf 28 1k BINMATNEST 1 41 J& 1) A B 20 47 7>
BT, W AR IR R A AR R 5 AR 2 R B0
WTEA BRI A N A B BRI BT, X 40T
LR NIL AL (Livetal, 2002) . ALHHE
PR, bR RIS . e, R
PP RS, RS PALEE . FRA LR
A B IR Cntt iR FER SR R M
W5 Can1s i) ERARKIAAERET, XFfE
T MR 2R 5 ) PR 6 R D 1 B U T B T 3 3 5
2, WSS ERRRE TG 2 R AH R IR I 05 B4 AT
SR AT eSS ON PN

MESWERT A ERAAGREKE X
(Pstterson, 1987; Worthen, 1996) , 4 HAR{RYX
P E fit T TR A, AT ERT 51k T
SLOSS (single large or several small) i, SLOSS
] R IAZ O s — DRIV ORA X S A SRR AR [R]
IR, BE— N R IME? IREL S T
PRA R 24 G R SLOSS M —ASHT AR A . TS
M. EERMMRELSHT, NG as
VRIS A KI5 05 (R e 2 i ) 14, R A
/NG U5 (R A S RIAN AT R I AN PR K B 0, gt

S K-
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