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Abstract
Leopard cat (Prionailurus bengalensis chinensis) is listed as Endangered

Species under Taiwanese Wildlife Conservation Act; it used to be
distributed island-wide but its current distribution range primarily limits
in lowland areas between Miaoli and Nantou County. With population
size less than 1,000 individuals, the leopard cat continues to face threats
such as habitat loss and fragmentation, road-Kkills, mortality due to
human-animal conflicts, competition from feral dogs and cats, and
diseases. Although a few studies have focused on ecology of leopard cat
in last few years, much more information about ecology and biology of
leopard cat are still lacking. In this study, we aimed to (1) establish a
method to estimate population density of leopard cat, (2) establish a
method to determine age of leopard cat, (3) conduct Population Viability
Analysis (PVA) and sensitive analysis for leopard cat, and (4) develop a
long-term monitoring plan and provide conservation strategies. We
created a 30 1kmx1km study site in Nantou County. In each grid, we
deployed a remote camera to take photos of leopard cat. From July to
November, 2018, we collected 61 leopard cat photos. In 2 of the 30
sampling sites we were able to identify different individuals using coat
patterns. However, we were not able to estimate population density due to
insufficient effective photos in each grid. We collected 16 leopard cat
canine samples; among them, the number of cementum growth layer
ranged between 0 and 6 with majority of 0 and 1. Our PVA result showed
that under the Baseline model the extinction rate of leopard cat during
100 years is 2%; the extinction rate increases to 24% under the
Catastrophe model, which included annual mortality caused by
road-killed. Sensitive analysis showed that percentage of adult females
breeding and mortality of adult females are the most important factors
determining the population growth rate and extinction rate. We propose a
long-term monitoring plan and several conservation strategies for
developing leopard cat conservation action plan in the future.

Keywords: age determination, individual identification, monitoring,
population density, population viability analysis, remote camera
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1z T £(2016)F1* & Frf s BER 0 B o fE A FOIERIHE
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EFEELEFEE EE 34 =R PHVA) BB L REHE G
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WA FY IR
FLEEBAE G 3N

WA FHRFE A EERAGE Y 2 LR AR
(Molles, 2002) » 4% it~ 78 3 REAF $5 e > & 1 ARe (s 3w R %53+
EEFRIS ARG E HEE ¥ ﬁ;fiﬁv#n b B EHrRan
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= 7 (Panthera tigris amoyensis) (Karanth and Nichols, 1998) - f 5
(Acinonyx jubatus) (Marnewick et al., 2008) ~ ¥ (Panthera pardus)
% 1 j#(Puma concolar)(Rosas-Rosas and Bender, 2012) % - Bashir
et al., (2013)4] * p & 4p %;éﬁ B ' 5 3 M5 - (Prionailurus
bengalensis bengalensis) B #8 y¢5 1 & > & 1% £ 47 4p 3| ehpR 7 1F
SEAFREOTE Y ﬂi*%%i%)ifﬁ 100 km? 5% 17 & o
Soisalo and Cavalcanti(2006)p] & & p d*Ap {8 B 5 % & 2 7 if B
A kB ) (Pantheraonca) s H B R o
PATERRARY R FABRETE LR A
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Eo2E RS Rk E & 5 ) %7 % 3% (Nakanishi et al., 2009;
Signe et al., 2010) - f* *x & 7 % %‘r%ﬁii B ESE AR
¥ % ap p# 4 (eg., Linhart et al., 1967; Cavallini and Santini,
1995; Medill et al., 2009; Christensen-Dalsgaard et al., 2010) » ¢ %
5 8% & 4 (Crowe, 1972; Garcia-Perea and Baquero, 1999;
Nakanishi et al., 2009) -
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FLEREFARAEZ D& BT F 2 Ry A8F > fujz
BT HELAR I T 8% Bend A LT BERLT &
P W EATARR A S 2B R L R (AN 1) 2-6 A (B
W] 2-5)% 7 &4 (Fedf ] 6-7) o Linhart (1967)%-# % /| j
(Canis latrans)z. + # Eip 4z & &~ = 10 B %% > 2581 7 & &
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viability analysis, PVA) &_ix & & &— Tk - PVA §_17 § "o ikt {71

FEr 2 F 275 2 05 B IRREFRE G D
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144 37 (sensitivity analysis) 12 35 11 2 5853 05 § R M 4E 0TS
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R G WSO AR A TR MR A A AR EE
FEELEL DT FPL g M e B 55 REBAR
7Ry Kk o PVA 74 B> 5 & A ji- (Ursus arctos) ~ 2. X%
(Mustela nigripes) 2 # & $= f& chd - 5 5% *% ¥ £ (Minimum viable
population, MVP) ~ & & 3 % & # k] § F(Clark, 1989;
Boyce, 1992; Morris et al., 1999; Wielgus, 2002) ~ j= i 4~ fa g 12
(Elliott, 1996) » % g3 ¢ = K¢ hif L8 B 45 2 (Armstrong and
Ewen, 2001; Basse et al., 2003) % -
Rp 40 > £ 43 24 Fl 4 W & 2004 & (Taipei Zoo,
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HeBREA D TERERR) x 1000 ) PF o 7 % & A F R BRPOl B 1
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% 1-2018 # 7% 1 11 % 13 p tm L@ ¥ % K8

wipisdgel s 1 itpFEcz Ol B

5% Ry B E | ok
GPS X | GPS.Y 24 p E | Bdop Ol &
a8 (m) p* oS
223XXX | 2637XXX | 371 | 2018/8/6 | working | 2011.90 2 0..99
224XXX | 2637TXXX | 269 | 2018/8/6 | 2018/10/31 | 1714.62
B | 224XXX | 2637XXX | 295 | 2018/10/31 | working | 268.88
B | 222XXX | 2638XXX | 329 | 2018/8/6 | working | 2275.55 2 0.88
48 | 223XXX | 2638XXX | 322 | 2018/8/6 | working | 1558.33 1 0.64
(6) | 224XXX | 2638XXX | 317 | 2018/8/6 | 2018/10/30 | 1569.27
224XXX | 2638XXX | 286 | 2018/10/30 | working | 286.48
225XXX | 2638XXX | 285 | 2018/8/6 | working | 1874.38 1 0.53
223XXX | 2639XXX | 373 | 2018/8/6 |2018/10/31 | 1106.25 1 0.90
223XXX | 2639XXX | 364 | 2018/10/31 | working | 265.63
224XXX | 2639XXX | 215 | 2018/10/9 | working | 796.23
223XXX | 2640XXX | 243 | 2018/10/10 | working | 815.88
¥ | 224XXX | 2640XXX | 193 | 2018/10/10 | working | 769.07 1 1.3
% | 225XXX | 2640XXX | 184 | 2018/10/9 | working | 795.32
#® | 222XXX | 2641XXX | 329 | 2018/10/10 | working | 816.38
(10) | 223XXX | 2641XXX | 221 | 2018/10/9 | working | 833.62
224XXX | 2641XXX | 293 | 2018/10/10 | working | 771.80 2 2.59
222XXX | 2642XXX | 204 | 2018/10/10 | working | 809.60
223XXX | 2642XXX | 144 | 2018/10/10 | working | 768.08
224XXX | 2642XXX | 251 | 2016/5/13 | working | 3658.23 13 3.55
%
* .
N 221XXX | 2642XXX | 339 | 2015/3/13 | working | 3657.28 13 3.55
1
2 | 222XXX | 2637XXX | 298 | 2018/8/6 | working | 2321.87 2 0.86
B | 220XXX | 2638XXX | 235 | 2018/8/7 | working | 1627.07
#% | 221XXX | 2638XXX | 292 | 2018/8/7 | working | 2329.13 6 2.58
(11) | 220XXX | 2639XXX | 272 | 2018/8/7 | working | 2040.30 8 3.92
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222XXX | 2639XXX | 346 2018/8/7 | 2018/10/29 | 1570.32
222XXX | 2639XXX | 322 | 2018/10/29 | working 354.88
220XXX | 2640XXX | 206 | 2018/10/10 | working 818.60
221XXX | 2640XXX | 269 | 2018/10/10 | working 817.93
222XXX | 2640XXX | 265 | 2018/10/10 | working 336.57 1 2.97
221XXX | 2641XXX | 136 | 2018/10/10 | working 799.85 2 2.50
221XXX | 2637XXX | 294 2018/7/1 working 3592.10
220XXX | 2637XXX | 240 2018/5/4 working 2611.25 1 0.38
221XXX | 2639XXX | 238 | 2015/10/13 | working 2937.63 5 1.7
j 49580.28
3

£2:20184 713 110 13 p g 4k¥ § 5 ATHE R A dp ik

4 P . H - %20l & #
it IRtk B
$ic il
L 61 16 0.53-3.92
vof 33 15 0.43-3.43
4 ;%ﬂeg,jfg 2 2 0.43-0.44
i jE 18 9 0.43-6.25
i % 3 3 0.43-0.53
e LT 1 1 1.23
LR, 8 3) 0.85-2.97
AL EL%E 10 7 0.43-3.67
% 226 10 0.43-107.77
B 124 6 0.43-69.4
A 25 8 0.53-9.04
S 749
PR HEEY POl BER o FREE 00 3 S
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C0315 @ =84 2003/-/-
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&b

Cl543 @ =€k 2004/3/30
C09% ¢ z & 2005/12/20
C0231 Q@ H¥EH 2001/1/21
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2ASNFOLRRBIEEZ 4K bk

o B £(mm)  i(mm) R R SRR

C0649 11.86 5.57 2.12 1

ok 9.1 4.79 1.90 3
T2026 10.23 5.03 2.03 1
T1573 11.52 5.7 2.02 0
C0652 9.85 5.04 1.95 0
C0315 9.06 4.93 1.84 1
C0947 5.21 2.55 2.04 0
C1251 8.91 4,54 1.96 6
C0651 8.99 4.21 2.14 0
C0872 9.21 471 1.96 1
C1543 6.04 3.03 1.99 0
C0996 9.83 4.61 2.13 0
C0231 8.27 4.49 1.84 1
C1542 11.24 5.74 1.96 0
T24080 9.45 4.41 2.14 0
T22333 9.79 4.9 2.00 1
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RE BT 2% 2 1) 32.5% -

% 5. 7 % PVA AFICA 5 CE A RS

Scenario det-r stoch-r SD(r) PE  N-extant
Baseline 0.012 -0.0087 0.094 0.02  231.34
Catastrophe -99.99 -0.0305 0.1163 0.24 63.68

SD(Next) N-all SD(Nall)
13543 22672 137.92
6246 4834  60.75
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Parameter Baseline model Roadkill model
Scenario setting

Number of Iterations 1000 1000
LRSS

Number of years 100 100

HoR S 0

Duration of each “year” 365 365

indays - &3 &=

Extinction Definition

BT

only 1 sex remains

only 1 sex remains

Number of Populations 1 1
5ol B EE
Species Description
Inbreeding Depression
TeLed
Lethal equivalents 6.29 6.29
Percent due to recessive 50 50
lethal alleles
EV Concordance of 0.5 0.5

Reproduction &

Survival

Reproductive System

Mate fe i 4]

long-term polygynous

long-term polygynous

Age of First Offspring 2 2
Females v¢it 5 =t % 7

##

Age of First Offspring 3 3

Males zeit 5 = % 7 &

g’é\
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Maximum  Age  of
Female Reproduction

B S E

10 10

Maximum Age of Male
Reproduction

Bk e E &L

10 10

Maximum lifespan

13 13

Maximum Number of
Broods per Year

FER VARG S

Maximum Number of
Progeny per Brood
A SLEY R

A

Sex Ratio at Birth

IERERTIE

50 50

Density Dependent
Reproduction
B H R R

= =

Reproductive Rates

Adult Females

(50-((50-25)*((N/KY 2)))*(N/(L  (50-((50-25)*((N/K)*2)))*(N/(1

Breeding%u g1+ % 78 e +N)) +N))
FAw
EV in % Breeding % 5 10 10
g (EV) £ %may
e
Distribution of broods
per year & & & fceint
&
0 Broods 0 0
1 Broods 100 100

Specify the distribution

48



of number of offspring

per female per brood

ERENY T

1 Offspring 35.5 35.5
2 Offspring 53 53
3 Offspring 115 115
Mortality Rates

Females age from 0 to 1 50 50
PR SRR K

SD in females 0 to 1 due 15 15
to EV

Females age from 1 to 2 20 20
AER PSR 1 Fa

SD in females 1 to 2 due 6 6
to EV

Females after age 2 8 8
el | B

SD in females after age 2 2
2 due to EV

Males age from 0 to 1 50 50
AR A

SD in females 0 to 1 due 15 15
to EV

Males age from 1 to 2 20 20
P AR |

SD in females 1 to 2 due 6 6
to EV

Males age from 2 to 3 8 8
e s &

SD in females 2 to 3 due 2 2

to EV
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Males after age 3 8 8

SR B

SD in females after age 2 2
3 dueto EV

Mate Monopolization

%Males in breeding 47.5 47.5
pool

Calculate from % males 40 40

siring

Calculate from # males / 2.2 2.2

successful sire

Initial Population Size

Stable/specified age stable stable
distribution
Initial population size 400 400

7 .Q;;,%;:—%i =]

Carrying Capacity

Carrying capacity (K) 830 830
KR
SD in K due to EV 10 10
Catastrophes % #ft == 1
Frequency% 100
Reproduction 0.994
Survival 0.977
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