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ABSTRACT

Aims. Rapid urbanization processes have brought great challenges to the conservation of urban biodiversity. The small
Indian civet (Viverricula indica) is a national first-class key protected wild animal, yet ecological research about its
wild populations in urban environments is rare. The aims of this study are to: (1) understand how small Indian civets
respond to stray cats and human activities in time and space in urban landscapes; (2) investigate the habitat
characteristics of small Indian civets in a human-dominated landscape; and (3) evaluate habitat changes of small Indian
civets during the time period of 2000-2020.

Methods: We used infrared camera traps to investigate the small Indian civets in the urban environment. From June
2020 to October 2021, we conducted camera trap surveys at 25 sites in the Xinjiangwan area, Yangpu District,
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Shanghai. We conducted individual identification, and then analyzed species diel activity pattern and measured the
overlapping index and calculated the avoidance-attraction ratios between small Indian civets and stray cats and humans,
respectively. In addition, we calculated the relative abundance index (RAI) of humans, stray cats, and birds, and used an
independent sample t-test to test the site differences where small Indian civets were detected and not detected. Lastly,
we utilized remote sensing data to analyze the landscape changes of small Indian civet habitat during the time period of
2000-2020.

Results. We have achieved a sampling effort of 1,581 camera days, and obtained 65 independent small Indian civet
detections at night sites. We identified 5 small Indian civet individuals. The diel activity pattern of small Indian civet
was strictly nocturnal, with two nighttime activity peaks around 21:00 and 02:00. The temporal overlap index of small
Indian civet and human activities was 0.15, and that of stray cats was 0.66. The avoidance-attractive ratio between small
Indian civet and stray cats was 9.94 + 7.84. Human activity at sites where small Indian civets were detected was
significantly less than that of the sites where the species was not undetected (t =—-2.539, P =0.021). Landscape analysis
results indicated that most of the green space was replaced by artificial landscapes, and the degree of fragmentation and
isolation increased during the past two decades.

Conclusion: Small Indian civets demonstrate spatial and temporal avoidance to human activities and stray cats. The
existing landscapes that are potentially suitable for small Indian civet are fragmented, and immediate actions are needed

to conserve the remaining small Indian civet population in urban landscapes.
Key words: small Indian civet; camera trapping; diel activity pattern; habitat selection; urban biodiversity
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Kumbhojkar et al, 2021)[{HF 7, {HARMAE B E
W N R A X 2 R EOR, M AR N fR A
EITARR A IR T, AR —ERE L
K BT 4 & 2 19 AT W 42 AF FH (Oriol et al,
2015), W] B A I [R) A0 2 (8] 5 s 9 60 70 A7 A0 2
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Fig. 1 Location of camera trap sites in the Xinjiangwan area, Yangpu District, Shanghai
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fER 4.5.179 1 Floverlapfd(Meredith & Ridout, 2021)
AR H S S M ER, PRSP0 R B RE B T E,
WANE e, IRt RN R SR . AR
15 3 ) [R) 2 B i 45 £ (overlapping coefficient, A)
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Fig.2 Avoidance-attraction ratio model between small Indian civet and stray cat
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Table 1 Individual characteristics of small Indian civets

s ARIIBESL FHIFR L IR PSS AR
No. Side spots Tail stripe Spots on buttock

1 J& None Wi Clear  JCBESL No spot

2 IR Light W& Clear KA1 Unknown

3 J& None J& None AEE Unclear

4 BIE Clear B Clear BELU[HWT Discrete stripe

5 W Clear HIE Clear BESUZ%EZ: Continuous stripe

e

/M& 2 Individual 2

4~ 4 Individual 4

AMA 5 Individual 5

B3 RIEMAIR R E (AR R R B = R & R0 (B B AN EE LB S HES )

Fig. 3 Individual identification of small Indian civets (red box indicates discrete and continuous stripes)
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Fig. 4 Diel activity pattern of small Indian civet, human (a) and stray cat (b)
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Fig. 5 Relationship between the distribution of small Indian civet and human (a), stray cat (b), and bird (c) relative abundance index

(RAI). * P < 0.05.
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17.95, BEFLT AREM )N R 16 ML (RAL =
84.59 + 95.81) (t=-2.539, P=0.021).

PRI ) /N RA AL B B RIR I RALN44.17 +
32.54, AR F) /N R )AL 25 RIR H RALN
4429 + 3558, " HLRFEEF( = -0.007, P
0.995).

PRI 3 /N R 0 AL 51 5 2K RATN206.82
253.03, &3 & T AR B/ R AL 5 (RAL
149.52 + 146.30) (t=2.214, P=0.037) (¥5).

35 il SIS

AT 205 [R) 387 VLT X380 1) S5 oW 28 20 A8 A i Ak 3R
P AN b AR D, T e N R
AR, SRR B HURTHEA) T AR H1390.84 ha
45 /N 22 21521 ha, [ &7 HE H 41.03% 9% 2> 2

H>

22.59%. FREEREEH IARUNIL, TRAF Sk H B AL
BEH6 MY Z 424, FECF BRI E N,
HEREETR B 91.50% 523.45, K BB REALFE EE B N,
AR VLT A 25 7 J s 52 b DX v A K THD A T2 82 (1) &
H(%2).

AR SCE YOG T AT T R AR N RO R O
JEE, YU RUIE BT XA — D &
DAL S SN R RN R, g s 2
DU BATYE, JER A SETE S AR IR A 2 B
fRImliE . FEAE A b, AN R 2 00 A 4E N2
THUARAIAR T AT, SR /N RO AL R 5 AR X
% LR HAEIKIR . W FCEs RAIP AN T8 A2/
FOMAEIR B 70 A« 5B AR [R] 5% R 557
A5 R, B e S 2 TARIJTRE, o R AR
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Table 2 Landscape indices of Xinjiangwan area, Yangpu District, Shanghai in 2000 and 2020

% Green space Ni&EH K Artificial surface 7Kf& Water #fHh Farmland #ith Barren
2000 2020 2000 2020 2000 2020 2000 2020 2000 2020
PELRTEIAR Patch area (ha) 390.84 215.21 453.60 715.77 10.53 20.25 8.82 1.42 89.55 0
BESR A &5 b 41.03 22.59 47.55 75.13 1.10 2.13 0.92 0.15 9.39 0
Percentage of patch area (%)
PEEAEL Number of patch 6 42 2 6 9 2 1 3 0
PEHT- 15 T AR 65.14 5.16 226.8 65.07 1.76 2.25 441 1.42 2985 0
Mean patch area (ha)
HEREFEYRHL Connect index 91.5 23.45 86.1 54.5455 3333 3611 0 0 833 0

SR PRI BHE . EM; PEHLHIR (5 LR S RS AL b ST AR I LU R AR HUR IR RO P B IR R (Y F A
Green space includes forest, grassland, and shrubland; The percentage of patch area represents the proportion of different land types to the total area;
Connect index reflects the degree of connectivity between patches in the landscape.

SRR FIE BRI AL Rl 7 3 HF

DIAEWT TR B, o B B o e S b A 55 YR
FE 5 TSR A £ 3 FH 58 4 o 7 A 2 1) AN TR) 1) 23
b, & AR A AR UG I — B ROR g (Valeix et al,
2009) o AHH FE R /IS R S BN 9 2 0™ R4
P, 5 NGB 1A) H S HURUR, BRI /N R
AL R K 2 a2 R B 0 1 Bz [X 35 1 SR v 5 T 1
HJ IR A PR E AR B, R BN R N 2R3 1) T
MAFAE R Bl . AW, AR A
3 B8 BR) 53 IR T S PR B T AR ABOR, RN
ROV BN A E, /N RO T 2 [ 3 7 1% X 800 3
(Watchorn et al, 2022). [RIE, /N RAEFIGRLIRAN 0%
Bl 2P DL K B W) 75 SR AT B AR AE I S (Bl 4b,
5¢), ‘FE T 18] W] fe A A A R A BRI b SR 4
KR /N RAHAFLIRA 00 15 8E-1 5] 455045 R 2w,
IR IS /S RO FE 0 LA A [R] X380 [A]
R I ] 2 S 25 BE T, X 5 B /N SRR VR A )35 3))
AFAER 8] b (g [ ke, 335 20 775 43 i 2t Sa 7 /N RO 11
TG B S LR (PG B R AN B S, X PR AE I
[B)_F (R oAb o] e R ek s — 38 Al se 4 1 5 Sz —

I AF R B T 30T Ak AR 6T BT AR Sh W R R 1)
P, R BB A sh itk N BT 5 N A7 1 T
SR AR B LS, 2009; Zari, 2018; Conejero et al,
2019) o A 78 R e PRI 2 /N RAE A7 s 3 40 An L
SBLI X S SR T /KA R AR HE A S e . — 7 T AR
INAES /N RS shie it 7 et Bz e, o)
— T HZAESE R E AT 28 Hlk DL g 55
NRUE MES YD RE /N R TR 1 & ok U
(Mudappa et al, 2007). P24 H #iFr Bt 8 £ e FR i,
AT FH 5 RRAE AT 2t B ) 2H s ) 1] S 4R A%,

ARSI FT X 3 b/ RO VS AE B (PN SN B2
SBEAT IR A, X — Bl R R AR S 2R A o B
ATE. ST AR P S S 2 FEAE AT S AR R AR P L
KRR BRI S PR A K (Filloy et
al, 2019; Villasefior & Escobar, 2019), A2 75 £R
B /N R AL 5 W) 5 RRAI B35 2= 57, ThRe
TE—E R bW /N R A SR R E . &5
E R EER, B X AL S VAR K,
B 321X 358 8 o A 3 T T A 8 W P A g /) R X
PAAE A7 AR e A NG S50, s R AR S 10 J T 3R
BEART /N RAG R H. BRI, B Xk
N/ ROBEAE b3 T PR 55 A P — 1 2 R S
pEde, B EEM B SRR A0 (A (Aronson et al,
2017)e JYPRIPIR T 2 v i [ 5K — % = R B
BN R, AE G SRS XA MR 5 g
AR, RS AN RIS AN 22, RE
TREA ARG 2 N O PR AR RE A5, hni oot 30 i
IR ERE 50, RH 2 LYME G 8RN
TR, RN RO B HoAd B RS OR A 0 A AR 3 T AE
B3R K AR RO 38 25 14R(Li et al, 2020)

AW FEAE A G/ R AT K0T 7T H A
WITAE, MEGE. BREA R, BERERA /D
RAEFLEE IR AL, HAMARE A, i
N4 Ja RS S 0T T AR E s it . 5 2k TAF
Y KW TEVE BRI A I 8] ) s D e, R4
HAIT T /I RS ST A R AL, PPAS BT
/0N R B ELA S RV CE AR S, DRSS A
T (occupancy model) (MacKenzie et al, 2004). Z¥[H]
P ic - 5 4l £ 7Y (spatially explicit capture-recapture,
SECR) (Borchers & Efford, 2008)FTDNAZ> T Fric 2%
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Appendix 1 Number of independent detection events of small Indian civets, stray cats, birds and human at each camera trap sites in
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https://www.biodiversity-science.net/fileup/PDF/2022294-1.pdf

20234F | 3145 | 23] 22294 | 551070



FARR, B, 25K, B, SN, sk, PRIKEE, T (2023) EFLAMENLAE T IX N RS WS MR 6 AR S
FIMR R, A2 B, 31, 22294, https://www.biodiversity-science.net/CN/10.17520/biods.2022294.

MRl ERmEXImIERESLIMENAL RN R, FURME . SR AT RN EH5
Appendix 1 Number of independent detection events of small Indian civets, stray cats, birds and human at each camera trap sites in
the Xinjiangwan area, Yangpu District, Shanghai

AAMLAL S Camerasites /R M Small Indian civet  JiTIRAE Stray cat 52 Bird AZ Human
Site 1 1 48 434 58
Site 2 2 16 14 17
Site 3 3 28 34 30
Site 4 23 67 112 3
Site 5 17 71 23 22
Site 6 13 13 136 12
Site 7 3 57 191 16
Site 8 3 9 302 7
Site 9 1 0 34 5
Site 10 0 12 201 4
Site 11 0 6 3 3
Site 12 0 1 33 28
Site 13 0 2 5 39
Site 14 0 36 15 32
Site 15 0 0 2 30
Site 16 0 36 175 78
Site 17 0 23 0 85
Site 18 0 16 191 29
Site 19 0 68 53 55
Site 20 0 83 11 92
Site 21 0 54 16 29
Site 22 0 35 17 71
Site 23 0 6 83 3
Site 24 0 2 2 1
Site 25 0 3 0 0




