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DN ACHEAT T IS IAIRE ST . 227,798 M AHAL H B M, L3RG BN RAAZ IR 23,6395k, ML i, I BEAT 4k 4
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Camera traps and the minimum trapping effort for ground-dwelling
mammals in fragmented habitats in the Thousand Island Lake, Zhejiang
Province
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Abstract: Sixty camera traps were set on 32 islands and one terrestrial plot in the Thousand Island Lake re-
gion from May 1, 2011 to March 31, 2014. In total, we recorded 23,639 photos that included nine species of
large ground-dwelling mammals with a rate of independent photographs of 2.62%. The species-area rela-
tionship showed that species richness increased with island area (ha) with a slope, z value, of 0.27. On large
islands (> 10 ha), the minimum trapping effort increased with island area. On small islands (< 10 ha), how-
ever, there was no clear pattern. The minimum trapping effort was not correlated with island isolation (d.f. =
20, F = 3.067, P = 0.095). Our results suggested that large ground-dwelling mammal populations have dis-
appeared on smaller islands since the lake was formed. Based on these findings, we suggest that large MTE’s
are required in islands with large areas when using camera traps in a fragmented landscape. On small islands,
researchers should vary trapping efforts according to the island’s attributes, including species resources.
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G 5L 3 F BE Ak (habitat fragmentation) 4% A &
SHUAAEM TR AN T EFERZ —
(McGarigal & Cushman, 2002). 5 Hs A B AL e
S R V)R 2R FNRETE R, RN
AP AR A 2 A P B ] X i R R
W IE T Z MR S LA AT I . (R AR
AN ORI, K22 HOR R RGN LAY BT 5
MARK. BEGttmm. BEWRD, EEFIMEAEU S S
SEAR(Cutler & Swann, 1999; O’Connell et al., 2011).
TR B KRGS K sh ), A% 4t e I J7 3% (i
FEEREE . bric-EAlE. IR HTIE. Ui RESE) A
HFRSAE . £LAMHL(camera traps)EA—FhdkE
PP B S i E AR, 55075, A
B NNHE RS BN 7124 ha R
i FF 4 T A %5 s (Karanth & Nichols, 1998; Car-
bone et al., 2001; Si et al., 2014a), ] Tix itk
A el

AR, B B S R S YR TA 1R 15 2
BV R 2 P — SRR N RUR 4 1) i R
(Ferraz et al., 2003). {EIXANEFEA, AN[FEYIFhEFF
W2 B AU AR FE AR 22 e, 4RI SO A7 S th
BEH B 0GR AN o B A A R R
— BRI B IS R 2 M. TR T B s
R4V (target effect), K& )3 A\ 2 (colonization rate)
v, (A IS LT AR 2N (area effect), k5% 11 K 46 3K
(extinction rate)flk, {75 K& AT Z YA E(Si
etal., 2014b). Hioh—FhmlREthd: KRAIEFE T 7
BRI S8, i AR R 2k A RRURR, A S
B S BN G B R B S e Ok (K 4a 88
IEH), MR B R 2, BIAEL it
PR K 4 (selective extinction) KM . X —: BT
K E WS BE 2%, RS AR I b R IR 8
P48 1 5 T A R P /IS W K (miinimum - trapping
effort). #5z/)> Wl I KGR 48 78 AN RFE FE X N £0 41
AHHLAC 3% B 5 M zh P B 7% A /D s ) 5
(Yasuda, 2004; Rowcliffe et al., 2008; Tobler et al.,
2008; Si et al., 2014a), & LUAHL H (camera day) 5k
FHHLH (camera month)RR IR . X HE R4 1) i il
I A0 SN T /NN, WRZ B AR AT e AN
AL D 3, 2 IR 9% d 00 B U5 (Si et al,
2014a). Kb, PRAGZLAMHAL A B/ AT A
75 WX B In A 2% (MacKenzie et al., 2006).

SR, BUE2XS T [A—4Fh, R EH. RS, H
PR 5 LA e P SR (02 75 R F 5 1 AHAILIA]
B R 2 ) AN (A, /)y MR B Kt 2 R K AR 4L
(Rovero & Marshall, 2009). 1%} %%k (Leopardus
pardalis) BEAT FIHIT 5T B, /)N e 00 P 2 3R 4
V75 BAS0MHL H (Trolle & Kéry, 2003), i 7 Bt
F 52 2804HA1 H (Maffei et al., 2005).

H AT Bl R & AT BB 7T 3 S A A
J5i Ay it b F4 AT S 3 5 05 (habitat islands) 347 1,
T AE L TE 1) S5 WS At St o RO R 0 1o A Il . DRI
18 7K FE T Y G Bt #5515 (land-bridge  islands) (40T
Epih), BT IRt (A —2, AR S0 RTE
W R B35 iRk, BRI SN B b B AL
JS; 1) E SRHE 70 °F- & (Terborgh & Feeley, 2008; Wang
etal., 2010),

20114E5 - 1 H #£20144E3 31 H, FLATAEHIL
A BN T T B W & 05 v A & 160 & AL Ak A AL
(Lt15210), X thifin AL ah P47 b, kBRI T
A i) J (1) AR BRI Bl i S50, R RS RFE 2 1)
ViR ? (2)bEE BUGIANE I, BN KA A
LB AT

1 MR5REE

11 REXHER

T By WAL T W VLA 7 S e BB N (118°34'-
119°15'E, 29°22'-29°50'N) (K1), A&19594: Kl 4 it Hr
2 VL 7K HL 3 3 K T B N T, R A
2,500 m?LA L 854 1,078 i 344 (Zhao et al.,
2009). ZRPGK£960 km, FALHEZI50 km, 1EH KAL
108 m, /KT IAZI573 km?, Bl HO T AH 20409 km?,
BEAKEALT8ILm’ . T 8 AL T i 2 X% (X
bk, SeimmBERE, =0, F- 850N
17°C, P KE1,430 mm, FHSIEE76%.

T BT A Sy W S 5 20 KB AHIE, AW ive L X
(P IEAF 5T 43, AR 8 2 HIT AR 3 8 1) B A S A IS
Hy, A5 A5 [ i) 90 F E (species pool)(Wang et al.,
2010; Si et al., 2014a). AE A& WA H SR,
By UG A m g R R — 8, K SRR LS B
(Pinus massoniana) & F , fF B /A & B
(Castanopsis sclerophylla). #X 7 (Liquidambar for-
mosana). A (Cupressus funebris). 8 (Dalbergia
hupeana) 147 #k(Lithocarpus glabra)Zs(Hu, 2011).
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Fig. 1 Thousand Island Lake in Zhejiang Province, China with 33 study sites numbered in order of decreasing area. Site 8 is on the

mainland.

ZHL X KIS K137 R AR, W1 B (Milvus mi-
grans). [ K J& #E (Syrmaticus ellioti) . ¥ 7 fify
(Gorsachius magnificus). F#%(Lophura nycthemera)
Sy @AT K17, Wk (Trimeresurus albo-
labris) . 4R ¥f # (Bungarus multicinctus) . £ & 1
(Eumeces chinensis). 7 ¥ 17 (Scincella modesta)
&, /NMERLLR, QK BRI (Crocidura attenuata)
R A£G B (Apodemus draco). 41 B (Niviventer ful-
vescens). /M E B (Leopoldamys edwardsi)Z (2=
Ji%, 2007; 3kapi%E, 2008; BXEREESE, 2009; T
-, 2010; Wang et al., 2012). k7 £ 251 7 A7 s
L H AT AR IRk E .
1.2
ET B N T BN TR X, KRS &
JE(1)(0.3-3.7 km). %51 AL (A) B & 45 44.(0.19-150
ha) 126 HX 324~ A 2K 8/ 1) 85 05 1 DR BiF 7 1 2

(EI1), &AEIERHEE 240 (R 1) 2 7105 mzKALRS
MESRAT . [RIEE, 7 S 980 74 w1 K s 38 B AE
B 5 B 05 FARRLR 3R = A £(118°43" E, 29°32' N,
FE i i 5 8) VE Xt HEAE 1
1.3 ZISMENBIRME S5IBERE
ZLAMHAL(Lt15210) 3% R AR AR 23 B b BE AL %2 73K,
P9 P94 A1 P B A A 5 5 T AR T o o AH R P B /N
W5 /50 m, RRIEI55 /0100 m, KA S5
/0500 m. ZAMHFLE A 55 (trapping efforts)
o HR TR 5% 05 170 T R 4D 56 4L 336 AT HURE (Schoeredeer
et al., 2004), HALNAENLA, BI1EFHHLTAEI0H
HLH. 2450 F1>1,000 ha i, 2558 J91604H
HLH; 100-1,000 hait, 7 5@E A80MHLH; 10—
100 ha I, JARGRE A0 A, <10 haif, 7
S JE L N20FHLH o FH TN B WSS K T o %
SUSTEAR M RE M LR B R, IR AR X s 05 |, B
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Table 1 Characteristics of the 33 study sites in Thousand Island Lake region, Zhejiang Province, China. Site 8 is located on the
nearby mainland. Other sites are all on islands. Each site is numbered in order of decreasing area as in Fig. 1

G HIHLELC A RIEL YT EL TR e 2 52 RN
Site No. of cameras Trapping efforts No. of mammals Area Isolation Minimum
Q) (Camera day/month) Observed (n)  Estimatedzse(n) (ha) (m) trapping effort
(Camera day)
1 20 4,880/160 9 9.5+1.32 1,153.88 861.00 81
2 10 2,450/80 8 8+0 128.32 1,417.81 28
3 10 1,220/40 6 6+0 47.98 1,066.10 21
4 10 1,210/40 3 340 27.49 1,158.87 13
5 5 765/25 2 2+0 3.70 2,225.45 27
9 5 608/20 1 1+0 1.44 1,106.53 77
10 3 636/21 3 3+0 1.33 730.95 15
12 3 636/21 2 240 131 868.22 108
13 3 610/20 1 1+0 0.86 3,609.61 3
15 3 728124 2 240 0.84 690.03 15
16 3 608/20 1 1+0 0.84 1,026.58 21
17 5 615/20 2 240 0.79 2,657.77 29
18 5 605/20 2 2+0 0.69 200.31 44
19 3 608/20 3 3+0 0.62 1378.00 175
20 5 605/20 2 240 0.62 2,333.60 61
21 5 615/20 2 240 0.53 1,939.94 17
22 5 605/20 2 240 0.46 1,982.69 5
23 3 642/21 3 340 0.42 1,056.16 56
25 5 615/20 1 1+0 0.36 2,227.08 62
28 3 608/20 1 1+0 0.25 3,650.55 5
31 3 547/18 1 1+0 0.14 387.10 275
33 3 636/21 1 1+0 0.08 947.67 11
8 5 615/20 6 7+0 1.50 0 27
5 615/20 0 2.56 2,199.38 -
11 5 615/20 0 1.32 2,121.37 -
14 5 615/20 0 0.85 2,184.55 -
26 5 615/20 0 0.29 3,073.21 -
27 5 615/20 0 0.25 2,658.07 -
30 5 615/20 0 0.19 2,137.68 -
32 5 615/20 0 0.12 2,073.07 -
7 3 608/20 - 2.17 998.41 -
24 3 610/20 - 0.39 4,075.04 -
29 3 608/20 - 0.19 398.18 -

* WEFCE AN E S B B . BE 6. 11, 14, 26, 27. 30F1325 R\ EIRBI LI WIB A (/MG 53), 7. 2451295 K415
AT E 218 Fr (A5 5 25) . * Several cameras were lost or did not work during research period. No large ground-dwelling mammals were captured at
sites 6, 11, 14, 26, 27, 30 and 32 except for some rodents, and no mammals were found at sites 7, 24 and 29 except for birds.

PRI 5 B EAT 7 A L I AR

ST A1 FH B FH A 20 90 295 3] 72 7 4 41 4 3& 1 B
RS, P 20 Hh 1 7 P 060 em, AR AE A H . AHHL
AN (R [A] G 915 s, REBE R NIC. & G AHNULE
55— th8Y, SCAN 8GfHikf7 K1k, H
My REE30AMHALH (LN FHFLA ) E LK.

Kt it BERE B BR = A (85 ) A ML 7 U A

Pres E, FHEEZI50 m—A, U 7 o B0 HEAH A

AN I5(~1.5 ha), RICESE MM, 5

R RN20FHHLH o FELR K L2300 m, BANHH

BLAT B 0 1) 58 B 2950 m

14 BUBRSHR

1.4.1 43788 (independent photograph)
IR A AH B DL R R 50 Xl sk s i)
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2%

AR REGREMEEE. W5 H 2R R
AR LLAMENLIC SRR, (HH T HAME N 25
0, ARemHEm % . Bk, AR rERA
S8 HL 5 4 %5 € 1 M AV i 7L 30 ) (ground-dwelling
mammals, SR AR E-2K) (Tobler et al., 2008).
[, H T SR AE £L AN AL I X 35 P 0 £ B
TATE R P SRR R AL AMENL, FRES NS
5K 18 (Kauffman et al., 2007), FATHER—SHHEL
[E) Fh ) AP AH B30 min LA _E (1R I8 R A A2 oSy iR
(O’Brien et al., 2003).

AR FILE LRI i (KL, K1), 715
I5(6. 11. 14. 26. 27. 30f1325) K4 E| KA =
KR (A /MR 2R), A3 RI5(7. 248129)
RIATEENEATE R (F 52K), SAEHdE 70
AR B B R AL B 224 B U5 AN A K Bl
XTIERE R D).

1.4.2 FaHi#hZk(species rarefaction curves)

X F & — AR A, RATR HRIE = vegan
& 7 40, fy specaccum iy 4 ol i i 2 25 e U 36 AT
Hi 43 AT (rarefaction analysis), F£77 4= 40 Fh # 5 i 28,
A A5 31 Fh— 18 25 51 FF 5% & (species—trapping-effort
relationship) (Si et al., 2014b). AHIF 5t (I b5 73 #r b
FIAAEE A LA AL H

H 38 53 AT 7 E 0K R R AR 8 b i AL B 5 4tk A
— /N AR, FEFI N A T M E
(Simberloff, 1978; James & Rathbun, 1981). i
AT ] DA AN [] ESURE 58 B2 1 5008 20 AT S b AL,
i 2 B ] Eb 1 (Gotelli & Colwell, 2001). ik, f
THE S0, VM R mE il 26 B R OR W) M E R
(species richness, S;)-5 AL H (D)2 8] 5 R A

S = f (Di) (l)

BAT 5 SCH WA (common species) NTEFT A
YA A A R B B A ST I b i o AR i 1%
HIMAT . A R WA EOIT o E ) DA

pi = Si / Smaxi (2)

Horb Spai 7 — AN T A AE 1 0 BT A B SR A 4
H .o FA148 Hvegantd i ¥y specpool fir & 5 5N Ky
SE B 5 b U8 B 1 K AR L8R B (R ) o R
(Colwell & Coddington, 1994; Gotelli & Graves,
1996) « Smaxif% M — WA vh P A = B B EAT HE
CYSEEE

2
St = o + 2

maxi — “obsi
2

®)
i2

FL P Sonsi A FE AT WL 5% 2 ¥ 9 Fh 3= & (observed
species richness), ajflai 73 7l N FE stirh A A H I
TE LA™ 5 24 AH AL S I R 19 4 F 3= & & (Chao,
1987). REFIHARLIEHAX2H 1S, 152

f (D)= P % Spaxi (4)

P BN B U5 1 e, FRA I8 3 A o R i e 4%
PAFEAFE B B/ BB K (Si et al., 2014b).
1.4.3 &/ EMEHC

F5¢ /) M ) T K R BT o A 5 D /N B
FETAR, AT LA 2R e BEVE 1B 1k, A2l
HORESEmE . IORE SR AR AR Ak o 6 T AR 78 (1)
ANBUE(RE ), BN AR 2 REAF LA R
AHBLE AR TARI (B AR A8 o ZEAHR 72,
WS b F BAR 5 R 7 B 5T F~~1 ha, RIGi#%
% S5 UG TE R 2 3 8] % I B P ok 350 R i DA o (O
(Arctonyx collaris). &iJ#(Melogale moschata). #£5g
%a(Lepus sinensis)zk 4% (Sus scrofa)), T H4HF
B ERAR (-2 {EXEE/NG G 1, R
MM, A8 —(Hu et al., 2011). RN 5
120 2 55 AN B R R A BV VR T TR S S T
J&, AT HT A 0 T AR B OB, PR AR AR AL
LFR0MNHNLA 25, TR RIS E, W
SRR O 27870 (Si et al., 2014a), L T 4k St
SR R IR, DR, T ax e/ By U5 4
AL, ATEEHEMAINLE B H B2 rE
VT TR T TR] o 8 S X0 SRR U 5% 2] (1) B0 4% HEL
0] 5 FU AT BENLAL, JF 8 2 RENLIE FE1,0000%, 15
B S5 I BB Ji5 B R s ) B/ B B

AW AT #7ER 3.0.0(R Development
Core Team, 2014) 71 58 /.

2 #R

21 EAKL

B A0 JH 7 JH 18] (27,7984 FHAL H ) 2L 4 A HLIL 3R
BRI Fr23,6395K, MR IEMT. AT EAT YA
BEMAA 24145, 5T H1.04%; Forbo g
1 Bk ST 8 9885k, R il 9 W b B g L R
(Manis pentadactyla). # & (Muntiacus reevesi). #f
¥ % RS (Hystrix brachyuran). J& %
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Wil 7% (Melogale moschata). f¢1fifH#(Paguma larvata)
155 (Prionailurus bengalensis)(#2), V3357 [
Jr #0355 540.9%.
22 Fh-mEFRehzk

By 05 b ) KA S 2R Yp = E FEBE A 5 0 T AR
R HG K T 3G K, R RCR B B B 2 ) Bl
(E12) o T il & 05 KA 5 -1 AR i 4 1 248
0.27. PEI2H FA 8 1y S0 5] A 3% s K i 140 e A A
X b F AR AR 0 B U5 (~1.5 ha), KRl B RS
KM E L) R B E 35 (KL), R EME
H R 93 /N T BE T BT — ) [ AR B S A B
SRR R Y R AE 05 BB 2%
2.3 BUNEMEHC

WRIFTRN, BT B1-3 %85 Fi ke s, @it
HERAT 2 B SR 3= 8 5 e bn R 2 1 P £
FEAR—I, KPR SR ERE L LB K
DL A RE s R 2K X T 1 1-3F18 5 il HiFE
R, B3R BE A W AR E R, 4R R
et th & # O adnE g, TR\HAEREZECS
oo

FAFE S BN K IR LR KEBE
10 ha)r, F5e /) Mt Wl K AR RS B g om0
By BB H (EAA) o /) I s K Bl B 25 B (5

R2 T EHHHBXSMBH SN AR B AR B AR L

W 320 %5 BB K it 1) 5 0 B 25 ) B84 10 Tf /s, AELAE SR AN
2% (d.f. =20, F = 3.067, P = 0.095) (’K14B).
3 iig

FET B PHFE X, FRAT1ME FH60 & ZLAMH BT
324~ By U5 R A KB FE U S kAT 17 3 34 (1)
M, e IR B AR HAP 25 250 . FRATTIN 45 L B
71N A U5 B MOV 5 SR R T R B AR B 05 T AR
WK TIE R, fe /) W 5 I 05 TR R QE AH 9%
T 55 08 25 BEAR DG 8 RANE 35, (EA 5 9 25 B ) 3
Ik i
31 AftaXRBEHMKBEIMIFSE A ?

T Byt iy S 05 SO R — Lk, PRLE
IKPE IR _FRETTE B Sy 0, ERT % B 05 1 R 1] A2
JAI BRI 5T — 3. 32 Il By U5 Hh A 10 R e 5 2
AEATAAR R AR MO 528, 5 DR AT A KR 2Rt
FIRTHAR A S S o B R S, TEK R A
S R B A FE R TR AR 1) 3 e SR ILBURK, IR I S AE
BUNRIG B, MAERK BIG E4k 87, I
KU H IR B KL anZRE I Chiew LarnzK
RS G, BRI T 7w K4, FT ACH
N AR FP 5ok 5 (Rattus  tiomanicus) (Gibson et al.,
2013).

Table 2 Summary of ground-dwelling mammal species detected by camera traps in Thousand Island Lake region, China

H /% Fh4a SR PSR ==
Order/Family Species No. of photos Independent photograph %
i F H Pholidota
i i F} Manidae 1 ZF 11 FF Manis pentadactyla 5 3 60.0
%I H Lagomorpha
%F} Leporidae 2 1EHG 4% Lepus sinensis 366 157 429
mii H Rodentia
SR Hystricidae 3 O kZEH% Hystrix brachyuran 1 1 100
A H Carnivora
HiEL Mustelidae 4 JEHE Arctonyx collaris 268 132 49.3
5 %% Melogale moschata 922 365 39.6
RIRL Viverridae 6 TEMIJ# Paguma larvata 55 34 61.8
HiFl Felidae 7 5% Prionailurus bengalensis 20 10 50
855 A Artiodactyla
¥FF Suidae 8 4% Sus scrofa 331 112 338
JEF} Cervidae FE Muntiacus reevesi 446 174 39.0
&it 2,414 988 40.9

* Fir o LA gty R A B DUSE A3 The proportion indicates the ratio of the number of individual photographs to the number of record pho-

tographs.
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Fig. 2 The species—area relationship of large mammal com-
munities on 32 study islands in Thousand Island Lake. Black
circle indicates the site on the mainland (for comparison). Ab-
breviations: S, Species number; A, Island area.
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Fig. 3 Rarefaction curves of large mammal communities on
sites 1, 2, 3 and 8 in Thousand Island Lake region. Monitoring
day represents all cameras on a site monitoring one day.
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Fig. 4 Relationships between minimum trapping efforts and island areas and isolations, respectively, on islands and mainland of
larger mammal communities in Thousand Island Lake region. The size of each circle indicates the number of species on each site.
Site numbers follow Fig. 1.
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Ferraz5(2003) A 7T tH % B, 7ETHAR 41,000 half)
Byl b, KA R504: 5 B JEACK 2. T 5 7 =
WX R A A B (R A5 1) AU 1,000 ha, FF
HF B =4 054, 4 tbHEm /NS Ak
TR 1) HAYE 2524 25 L JR) 35 K 2 (local extinction).

PEJRT IR R Bt BR = A FE A, HiM M. RS
Sy USFRARL . FRATTFE2A4N H B[] N RIC S 31 1 70 KA
52K, BAA HARIR AR B 05(1.5 ha) B A=+ E 1
VIRhZ R, UG S B BT — e FERE L PR )
TEYIY L, FEIE R B 2R K I =
32 ARIER. FEEEBUSH &/ IENAHC

MFAAEL0 hall b Sy, B mAR A3 n, He
WIS R MABCE I 2, TEamb g n, &/
AR RGN, MR AN 210 haf)/Ng |, b
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