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Abstract

Leopard cat (Prionailurus bengalensis chinensis) is listed as an endangered species
under Taiwan’s Wildlife Conservation Act; it suffers several threats including habitat
loss and fragmentation, competition with feral cats and dogs, roadkill, disease, etc.
Although several studies have focused on the biology and ecology of leopard cat in
last few years, a standard method to estimate the population density of leopard cat in
Taiwan has not been established. Additionally, effective action plans for leopard cat
conservation are still lacking. In this study, we aim to (1) establish a methodology for
estimatng population density of leopard cat using photos of camera traps, (2)
investigate the parasite fauna of leopard cats, and (3) develop the Leopard Cat
Conservation Action Plan. To estimate the density of leopard cat, we established 2
study sites in Nantou County, central Taiwan. In each site, we created a grid with 30 1
km x 1 km subsites. In each subsite, we deployed two camera traps in one location to
take photos of leopard cat from both sides. In the first site, we identified 18
individuals between October and December, 2019. The population size and
population density, respectively, were estimated 18-20 individuals and 0.34-0.39
individual per kilometer square. In the second site, we identified 16 individuals
between February and April, 2020. The population size and population density,
respectively, were estimated 17-23 individuals and 0.38-0.57 individual per kilometer
square. We collected parasites from nine road-killed leopard cats and found five
endoparasite species, including 2 species of Nematoda, 2 species of Cestoda and 1
species of Acanthocephala, and 1 ectoparasite species. To collect opinions from
experts on the leopard cat conservation, we held three leopard cat experts meeting in
November 12, 2019, June 19, 2020 and November 16, 2020. Accordingly, we have
developed the Leopard Cat Conservation Action Plan, which includes 10 conservation

strategies and 14 actions.

Key word: Conservation Action Plan, camera traps, individual identification, parasite,

population density
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C HRSFEFEF AR TR L3 L8 2k - ﬁﬁﬂﬂbﬂ%#ﬁ%-ﬁ?ﬁ
e °’5"HWF’{EPF§F§—HA'%$?E‘E C R S PSSR WL

Mh: 7 BRERF B D2 85 - FRIEF LR AR FIT i R p3tra(p
Boipis )T 2 s Rl LR BREGER S LR ERE

Mi: Mt 2 Mp & fE B3] iR & o

B it A 2 ToCARE-2 S TR T SRR AR Y%
¥ % & > & 7 : Conditional maximum likelihood estimators (CMLE) -~
Unconditional maximum likelihood estimators (UMLE) ~ Estimating equations
(EE) ~ Jackknife (JK, JK1, JK2, IntJK) ~ Sample coverage (SC, SC1, SC2)(Chao
and Yang, 2006) - A 7 % E E e HEEEER ) oG 2 B E B % o
FEHETREE

AL ELRA G E 2 G Btk g f# (effective sampling size) 5 p # 4p
Rk U LAl g Rl WAL ST I T SR A I =5 S A 3
EEdE - L (% mean maximum distance moved, % MMDM) /L ¢t 3 “v 7 5 %
fi=¥ m #% (Karanth and Nichols, 1998)> # i% i ArcGIS (ESRI Ltd.)#x 483+ & -
% MMDM  FR g B~ 18 > 3§ T B E e 2 XS % % 4 (Karanth and
Nichols, 1998; Bashir et al., 2013; Chua et al., 2016) - ~ # 3 #& p& Karanth and
Nichols (1998)17 ;% » #fp — & BRI NI AP > 228 T ipped
Bend BAPS A A bR ) > TR BROEERTI5E o ¥ b AFT
7 ™ Chen et al. (2016) 1 * & & T F BfF 22 F L5 p # & R4
(consecutive daily movement distance, CMD) 2.31 + 0.90 km - X (1.155 km)
EFEEFERG AR FUFEFRRL G OE R EL KRR

AP G AR
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VEREL BT

AR TR 2 P L B ARARTEARR A ETRA ST
JefkhF A S \iﬁsw\‘*m&i)w EECAE EX VIR E - R N
RSB RE N INLTE BEAA S RFLIRSIEEEANFSF
RIS TR A ’ﬁ%" fofrtfzFARRA o MAHFLIRS
BoRFts 1 T5%IFE E ik ;ﬁﬁaﬁwu¢km@¢mw’um%
THRT FRG o F 2 ABEE BRI o B AP E L B
SHCiT 5 APEE % R vt g

AR LA TREGFoAME HE T H 2 LA ER R E
RASFTR DTEZFLFFAFELL S R ANFRALT;F LA -

F (Prevalence) 2 g % 3 A& (Intensity of infection) > & %

R EL A2 R L

FEARAAFAADFEIRB/IRFIRE RARAELF LA ADREKE/

¥

A

afE o

B4 AF 2 FH T

ot
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= B
() ARfS PR MR L L BRSERA RHR R G E

L
(1)

()

FoREAAPEXT LhES R

Bl & By

2019 &£ 10" 5p 2 17T p *HF 2 by vy 2 BA T LE 4
WP BAR o LB RS AT AR R R AYTEE B Y A 4
Bl B3 F BRI AL RPN 4 RN
EIEE ) oy SR R Rl R B Uk ek SN EA R SRR O Sl
17 e A o

p
g

7 oh 7ok B A SRS
F-HEAAYALL2019#100 7p 3120 8p »30 B § 18
BHEPI L L £F TL e hfooxp s o 2
Fifezil? 502 +RIF 492 RRET > REHIIA RIS DT FRRD
BREF 12 8> F G ZRBETAESIOBAG 6 & WG L RBEYT S
AR 68 5 T 2R L RSN T IEEN 18 L RH( 1) ¥
Bw? F OB 28 B3 6 EBAA2 B aiiBke
Bl e pORIINA 2 SRR AR AR B REER D G L BE B8
3¢ enkg ¥ 4 B (H=0.205, P=0.9) -
FoRRAAYAL 2020220 289347 30p 30 B
BHED E L £ 46 BT L Foxp s o H Y 7.
fozlF 32% > LiplF 28 o %A > REHIS RIRS T T IEROB

T
7 118 VG 2 RRY VRN OB 5 L WG L RIES T RS

11\1.

—=\
H
oo

DB 4 %5 F o SR L RAHT RS 16 2 15 & BA(E 1) -
FoORET G 10 Rtk Bhiesrn 2 800 B 5 8 R BAEA 2 B gk
BLAR e T] o P RIRNA 0 2 yR A R AF BApS R IRR ahE L B A
F B St b oenbg ¥ £ B (H=0.127, P=0.94) o 2 {5 BAFER S % A Byt
AR SR LA o

5 - # %2 CARE-2 7 B v ip 3t eie 3 4ok 20 Mg LER Y
R > 2 RIR S 2 Mo(EE) R ehi 3+ 58182 & jpa[ﬂ % 18.0-20.3 & 5 &
B 5 076 + Rl Mo(EE) st ehig 3+ . £.18.3 & > 4§ ¥ 18.0-19.9 &

20



TBFES 054 ey EHFHASFEFRF IR TR ET AR I MU R
BB 2R Mu(EE)HS enfs 3t @ 2187 & > Epé@ % 18.0-229 & » fEizg 2
1.55; % )12 My (EE)H-st e 3+ @ £.18.8 & » ¢ 1 £.18.0-21.6 & - %
% 0.58 -

FOWE R RIRT L M (UMLE)BC shfp st i@ 5 183 & » I
16.5-215 & > £ 2 1.98 5 + 2 Mo (EE) WS enf 3 B 2. 165 & > #
% 15.0-186 & -8 L 144>+ )2 My (UMLE) -8 eniz 3t @ 169 € »
#HFE 150-204 ¢ > {R¥% 5 181

" CARE-2 B Ed | B X i@ % - %% 2 1/2MMDM 3+ &
FoRPtk ff 5 522 km? (B 6) > % ¥R AEFE 5 034-038 &/km? - 12
1/2CMD 3+ & & »cB~tk 6 # 5 48.38km? (B 6) - % # % & & & 5 0.37-0.41
4/km?; % - # % 1 U2MMDM 3+ & ¢ »cB~4 5 # 5 39.92km? (B 7) > *
HHAEFE 5 038-057 £/km? 2 1/2CMD 3+ 8 e »cBi 6 4 5 46.02 km?
(R 7) %¥% A5 5 033049 &/km? (% 1) -

BH R RFREEDR RV O G ,i1 K L A v 4 (Sakaerat) %#E ¥ o
Petersen et al. (2019)7E 3%k 60 % p & 4p 8 fe & 4 35 L Hf #57Z (spatial-explicit
capture-recapture, SECR-maximume-likelihood) - # &1 %1% % & 5 17.7 £/100
km?- Chua et al. (2016)** #74c L. 1¢, 3 & (Pulau Tekong) 2 p #+4p iz & 3 1 E
# #52 (CR-My) ¥ ) 72.2-106.6 &/100 km? = § % & %) = & % » Mohamed et
al. (2013) = AR BT H W Boap e A 4 AR H Sk
(SECR-maximum-likelihood) #& 1 79 % % & 4 %] 5 Deramakot » % 9.6 £/100
km? (SE:1.7) ~ Tangkulap-Pinangah ¥ % 12.4 /100 km? (SE=1.6) » Segaliud
Lokan # % 16.5 &/100 km? (SE=2.0)- & & & #* 47 & 2% (Sikkim) 2 p # 4p $ fie
&R RE UL RPN RR A 5 18.01-22.25 £/100 km? (Bashir et al., 2013) -
aﬁ@ﬂ%%ﬁ%mﬁﬁﬁaw%ﬁﬁﬁ%éﬁ’&w§@\5%a§WW
PREIFPRDEFEHEHRREGB P RNRORIRRE CSPFFTRE LT

ﬁ&z—’ﬁﬁ%EﬁZEWPo
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21 F-HFEIFHRFELEHEL EHBARE S

B Y- B E

=l I Ei 2019.10-12 2020.02-04

A0 4 2 (1) 30 30

4 2 () 71 46

£ 7% % & (M) 1/2MMDM 1304.65 904.75
1/2CMD 1155.00 1155.00

% 2 £ (km?) MCP 23.25 21.13
1/2MMDM # % 52.25 39.92
1/2CMD % =% 48.38 46.02

Fra € Bk ERC 6 4
R 6 5
S| 12 11

P R SRR E(R) 18.0-20.3 16.5-21.5
e 0.76 1.98
+ R E(E) 18.0-19.9 15.0-18.6
+ PR 2R 0.54 1.44

% & (& /km?) 1/2MMDM ¥ =% 0.34-0.38 0.38-0.57
1/2CMD # =% 0.37-0.41 0.33-0.49

L IMCP 2 8] b 5 # A 4F  7L T3k s B 6 iR a- 2 (1/2 MMDM) &

AT THER LB ISR A BEIEH 2 L L F PSR pEg L
(1/2 CMD)2~ 5 Chen et al. (2016) -
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%2 %- %12 CARE2 % b i R2bere s g

= Rl + iR
. it B - 95% ClI B iE ity 95% CI
(& (%) (%) (%)
Mo(CMLE)  19.7 2.10 18.47-24.78 19.4 1.57 18.44-22.75
Mo(UMLE)  19.0 1.96 18.00-23.56 18.7 1.09 18.00-22.22
Mo(EE) 18.2 0.76 18.00-20.34 18.3 0.54 18.00-19.89
My(CMLE) 194 1.74 18.31-23.55 19.2 136 18.25-21.65
My(UMLE) 18.7 1.55 18.00-23.07 18.5 0.92 18.00-20.93
M(EE) 18.7 1.55 18.00-22.85 18.8 0.88 18.00-21.06
Mh(SC1) 26.1 1.22 19.92-44.34 22.5 427 18.79-31.72
Mh(SC2) 25.0 7.16 19.12-41.71 21.3 423 18.08-30.67
Mh(JK1) 25.1 3.63 21.56-29.56 23.3 3.20 19.78-27.78
Mnh(JK2) 28.6 5.67 20.21-36.94 23.9 4.7  18.00-31.94
Mh(InJK) 25.1 6.92 20.67-46.14 23.3 3.79 19.78-28.21
Mh(EE) 24.3 5.74 18.91-37.83 21.2 3.47  18.00-28.55
Min(SC1) 26.6 9.60 19.97-48.57 22.8 454  18.88-35.03
Min(SC2) 255 7.58 19.06-45.01 21.6 404 18.11-31.93
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%3 %4 %12 CARE2 % b i 22bere s g

= Rl + iR
. it B - 95% ClI B iE ity 95% CI
(& (%) (%) (%)
Mo(CMLE)  19.3 241 17.64-23.70 18.1 2.61 16.30-22.88
Mo(UMLE) 184 2.08 16.80-22.57 17.2 2.15 15.58-20.56
Mo(EE) 18.6 2.16 16.25-22.47 16.5 1.44  15.00-18.58
My(CMLE) 19.1 2.24 17.30-22.63 17.8 2 16.08-21.22
Mi(UMLE) 183 1.98 16.50-21.47 16.9 1.81 15.00-20.42
M(EE) 19 2.30 16.74-22.17 17.5 2 15.59-21.01
Mh(SC1) 19.1 3.16 16.50-26.35 18.1 3.12  15.86-24.00
Mh(SC2) 17.9 2.35 16.00-23.90 17.1 2.85 15.00-23.00
Mh(JK1) 20.4 2.86 17.78-24.00 19.4 2.84 16.78-23.00
Mnh(JK2) 19.6 3.84 16.00-27.60 19.3 432 15.00-27.28
Mh(InJK) 20.4 3.85 16.00-24.00 194 5.07 15.00-26.57
Mh(EE) 19.1 244 16.00-21.99 17.1 2.24  15.00-20.58
Min(SC1) 19.1 2.98 16.90-25.02 18.1 3.18 15.91-25.18
Min(SC2) 17.9 2.52 16.00-23.50 17.1 3.46  15.00-24.01
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2. vUf B dp e R VLT AL R AR B F iR e

HA- L ADER

(D) &7 2 L BRIFR R R RN BB FET S - L& R ]
B E BRI IER B - kMo

(2) FRAFAPH > FFATAATH  RABRF FAABI T 7L

BRI ¢ T EARSEABET AR R FEFE O UEREEXR
2 % o

HA AR EK

(1) X pdAptd t 222 PR30 km* 2 % > #1345 1km x 1km 4 > &
F R PELRAZFRREN G BRICZ e BREA PIEERLSP
Bodpts o TLEFREK 2 0 p B AP - AP WIS R LB ALK K E TP

SREL o PR F R LHE 5 930cm 2V AL EE N RS e KT 4

o RSP G pEK - 32 940cm~ £ & 3 > 50cm 2z A4x
BEP O F VbR 2L BRI AR B BB
Wz w2 Wit L AR R REDEBBRZ ER o

(2) APk T AP P AR BBk S Sitdp o Bl d gl o A B 0 E3R
w5l AL R 10 fy2 Bl B S B RA kT T o kK
PR RS B 0 N RILHF SRR o P AxiE Rk B (ISO) B
E uﬂzﬁw%m&z%ﬁp

(B) MBTEB | BRAIWLE REEHERPY PR - HhE\ERFEERY > T UL
F GPS T ixfk A tE o %4 B F35 M T o AN~ Y TWD97
(Taiwan Datum 1997) & %t o jF3ZAp 4 % if 2-3m Z B (FEHE ~ 6 F) o

(4) RRRZREF2F NP ERRRRBREFT LY FE ARSI DER
FEAE SR P E T DA B AR S BRI RS IR L R E 2
B R FESA Ze ik o

Iz BRIEEE REERE
(1) %7 L BRP G GMBEAM o 2T LA FI e ERSK> G (sagittal
Section) & 4 5 % 5 914 L S Rih - Wi U BMEL B G g0l 5T

e S I T U A S SRS AW
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(2) ¥l b2 B HAFEP BE I Fa DEEFRT -
Q) BAZBWMH G 2 E LRI R G LR T R RPERR

W g 5N B Tt R EAT N BT e

1%@$%%k%%i¢%’%%@%wz BRR G HERE FER 2B
@%&’ﬁﬁé"W4*7%wﬁéi%%@?ao

(4) #rri RFHREHE AR TS 2 H2EFFR 0 RART B A AFFRES SR DL
‘,EL o

(B) 2= 13 FlBHFHTE AT EApPRY Y PR BHE 4 A2
SFERBHOLE EHE R RN N EHE c RHER LY TR A

BRI PMRE AL - BHFREE S FRAL S B B NE A0
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QU BRTNE L BHMEFIZNE F4 Ak 7
LR ST AL 4 BRLFREFAFLA 0 4 5 2BMA 2 B0
S LWL > fo- B FLPE o FuhF A AR LAY TR E
2.4 5 2 ¢ rfmix B (Hydatigera taeniaeformis) g % 3 0.78 5.8 » @ & % 3
B B2 2 48 F] A (Nematoda) 5.0 % ; FPF » m}fgr? wehd B kg oo @

B F A B35 AR R 4 (zoonoses) sk e

o4~ fRIEFERZFLRAT R

K e o I L "B ILPE Y
T1751 2 ELZP 20130822
T2134 = ! 20150320
T3168 2 EINT 20171012
T2455 2 WA RhiE 140 20160101
T3291 o BA AR 350 20180109
T1589 > 2 & R ) 20121111
T3257 o 139 Bhig 20171229
T2491 = CEy 20160213
T3133 > AN 20170915

1.

MR REL AR

(1) Ancylostoma paraduodenale 43 & : Ancylostoma & 5 ¢f '8 end shF 4 A

(Segue and Gottdenker, 2017) » % 4% %~ ¥ 7243t 7% ~ * (domestic cat and
dog)® - &]4r A. tubaeforme 2 A. caninum (£ 47 8)4 B3 G5~ L ¢ o B
TF 2 A0% 11 b R K (B 8 T fri B 40 1997) ¢ 14 A b e 15
FEER YSRGS LA T AP AR R F A
GO TRBIRATLTA S Y REQEPAE > 2010)0 a
~ =& Fende 48 A. paraduodenale (éﬁ% A AL R TERN RS &5 T
® g7 2 i (Leptailurus serval) @ (Biocca, 1951) > ® Nihad et al. (1988)

Jl ]z

o

Fo

Wi

2wy

B ORG Y # F IR A paraduodenale s 4 o AR A gt fEREiE S T A
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)

(3)

(4)

b A [RGB YR (Y RS 2 @Té WP oEER A
caninum:»* 7 £« 7Gx v o ¢ @ 224518 A braziliense (¥ & 47 £.)) (Myers
and Kuntz, 1964) > 42| 7 st "EF %P § 5 M2 L H % il fpiE ~» 18T 4
BB Fd pEP BB B ' K endy B AR F 4 AU ) (parasite
spillover) % ¢ ¢ 2 4 »>& # % &ySegue and Gottdenker, 2017) -

Toxocara cati jw¥w & : Toxocara % = # ~ X f##& 4 1§ b F 4 A (Irwin and
Traub, 2006)- % & ¥ £ 5 & £.(1997) 73 % b 5 BA B F =

(e &)% T.canis (X B)R A (<> 40%) - /B i B H 4 %2 » %g R
WA FAMAE T T F A #%Bh%i%'% Em
FERKRETFET 2 (2P E > 2010) - @ * Myers and Kuntz (1964) 4
Ao R RAEFT P T AFIRT. cati O 2 (R P 4T, canis o

+ § 0 T. cati

E\ﬁ
i

R A /,;Tzﬁ wr Rlzed T.mystax) ¥ & & A, paraduodenale 7 #f 02 e

REFSIE L Bl Lpj o

Hydatigera taeniaeformis %% & : Hydatigera (Taenia) (%% ﬁ) ol Alap p
(WAt~ Y22 Rt &)and s F 2 B (Singlaetal, 2009) « 3%/ 5 47 fe 2 &

FA 0 VHREXE(rodents) ~ B E L BES F PR HA o g FEAAR
H @1 > Hydatigera %4 3 3% % 1] %} R 2 & &P § % (Hutchison,
1959; Singla et al., 2009) » prE v ac g = F A ™ :)%Jii 3 7= (Singla et al.,
2009) - H. taeniaeformis 1 & W 4L 5 B ¥ Hm A T B ILF 43 2R B ORGE
(Hutchison, 1959; Esfandiari and Youssefi, 2010) - 4= Scholz et al. (2003)** % &
PFHRE F (T RRELTB)PAZRAFLIANEY 0 Ty H
taeniaeformis s %o @ o e AR 7 ¢ 8 A B (Rattus norvegeicus)
= &(R. rattus) % % & (Suncus murinus)g p 3zé% 3 %A% f PR 2 (Tung et
al., 2009; Tung et al., 2013) » *> 7w ® &4k F = AR A (F & F fri B 4
1997) g A A H W S@ G R P (F RIS Xh)aE g o T R R
WOTIR b EE R P FHF P 0 o € 4oyl H. taeniaeformis ¥ ¢F @ 4% ¢h
b
Diphyllobothriidea 7 & if 4 £ #W & A % A4 @ & % & 7 & R &
Diphyllobothriidea #* if & 14 % #REg fy % . Fl92 £ { 7 ik & 2 2] i@ J
- HFET fﬂ;}f;ﬁé -7 7 > Diphyllobothriidea #* #% . »% & 2 wf 3
& % #F3 5 Diphullobothrium (4 ¢ if £ /)% Spirometra /
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(5)

T & 5 &% 2 (Yamaguti, 1961) -
LA e R AN (R G LA S
;‘~’-l~’i¢3’i)év’ﬂ‘§ R7 eSS Fletdashi L i A S Spirometra e 4B e
Wt #e 4 X Spirometra spp.g % {8 ¥ A § & 4 3F § 20T g (Little and

Ambrose, 2000) - & % & § 2 X B & (1997) ch 7 3 ¢ @ W R X
mansonoides (& = 2 & £ 4)% D. latum (§ & & ¢ if &) 4 > RX R
D.latumg % > 353 Vi BB EF 2 2 LA I 4 c AL IR Ja

BT AR SRS (A LN \|%f?¢ﬁéﬁ¢ﬁzﬁgi%4§.g’rz¢ﬁiﬁééé%ﬂgﬁiﬁﬁﬁ?%?
Wiz d )RR M g2 R E LA

Ctenocephalides cani f3 3 : Ctenocephalides cani (g % )% C. cati (3% )1 &

CES IR ST SR EE NS PO S ER S E T
P

g R AR hRE R RGO 0 B R AT G GApiT el B S

PREE AR A% B 2 PR 4 (Clarketal, 2018) o @ F A KR L €
ko~ A K ESRERR(Z P E > 2010) -

\-1

B &7 UL A anp S F A o BT IR I Ry
Y3 EFPRADRE(EFSPFEELFRR) 7§ W DTRE X EH
PEREPRET LF > EmE s s ~FREIRPED - FLARS
it kR ERE O g R E T £ & (fitness) " i o

Wt A s TR AR o AdF RAp MR
TRAEM O KL AR G TR ’%fé,‘?ﬁﬁ.i > ap B%"iﬁ#mém 1 i
- AR EERRT FE L D AT R SrF2ar
?ﬂﬂﬁméi%iﬁwwr&w~%m$%*ﬁﬁ§*ﬁﬁwkﬁ®%%
ARPFE ARTERL S REFTERY -

N

‘-5'.
hpas)
3
L
|
Em
)
j—\\\—
}

"ﬁ"‘“
@1
&
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SHREFLAZAR
M F A edEE & 4 ikyy Yamaguti (1961)“Systema Helminthum” -
Anderson et al. (1974-1983) “CIH Keys to the Nematode Parasites of

Vertebrates” > fiz & 40 B < []%J% v R 4 iy it e

PEIAGREPEFIANLAFRAZERLHAR)

1.

[F] £ Nematoda (75%, 5.3)
49 & Ancylostoma paraduodenale (B8] 8) (25%, 5.0)
WP O HE 25 ¢ sk (simple lifecycle) (B 8A) o 4 F £ i F 4 B (parasitic
zoonoses) (B 8B) - & & %74 ip|# (ventrolateral teeth) (¢} ] e p fp]# < > ]
8C) o #1F ek IR B s iE 4 @}I;Hﬁ%i A. paraduodenale #p i > i
ef 2o F AR 43 Al paraduodenale #2 A, duodenale 2z fF (Biocca,
1951; Xie et al., 2017) -
= & jp| & A & (important characteristics) (um) :

ze B £ 1 5231.322

5% % 1 202.053

5l (-E. X %) : 81.033 x 20.046

2 EE (- HEE L adei]) 0 1319.599, 1351.148
% e & Toxocara cati (%] 9) (75 %, 3.67)
WP I HHEA R FH(BIA) . A FEEF A B - Toxocara spp. = Ay
ik SLE T A L 9 i (esophagus) ~ § % (ventriculus) 2 % if (intestine) - #]
£ 3% FH ¢ 24k 4p a3 Toxascaris spp.j “7% 4 o 7 > AR
# A Toxocara cati £ % ;& =1%g & (arrow-shaped cervical alae) (B8] 9B2-4)+ £ |
B 4piT4~ #8 Toxocara canis (% ;% spear-shaped) (Sprent, 1956; Sprent, 1958;
Tekele, 2003) -
ERRIEAE (Um) !

: 1596.36
% : 354.36
£ 1 31196.111
% 465.47
fl& (%7 ¥ 1)+ 1430.957

N

PE %
PE

J\\

J\\

R

N

BLFR
&0 5F
)
i

&

>
X
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78 Ve L % #ic g (precloacal papillae) @ 12
7 (S 54 R BicE (postcloacal papillae) : 3 &

i% f. Cestoda (100%, 3.75)
W 0% fu Hydatigera taeniaeformis (syn. Taenia taeniaeformis) (&l 10) (100%,
3.75)
P l4F 324 5 ¢ (complex lifecycle) (B] 10A)- & 3 i@ F 24 B - & & (scolex)
£ 3 4 BRAS A (suckers)& - + — o] @ 7147 (hooks) (B 10B1-3) - + ¥
(uterus) = >t = 3 & % (mature proglottid) 2. # < 8 =& 4 78 3 (genital pore)
Pl 2 3 & 7 R (B 10B5-7) o fdx 4k & % (gravid proglottid) & 3 2 ## %
Rl A L SR e 7 (R 10B8-9) - & 1 (testes)#c & 4p % A < (428 300
#)(Verster, 1969; Loos-Frank, 2000) - Hydatigera /¥ Taenia /& 2. ¢t 383 A&
P AT 2 ALFAT R 5 Taenia 0 = Nakaoetal. & 2013 i 3% o) e i
#7534 1) Hydatigera = #b= »* Taenia » 2 #3840t f6 (¢ 7 T. taeniaeformis)

{ % % Hydatigera spp. (Nakao et al., 2013ab; Nakao et al., 2016) -
ERRIEAE(UM) :

49t ¥c t 38

< AlgEE 10 B

=< A4 & & 400

T AlGEE 28 B

- Al49E B : 260
7 55 i% fu. Diphyllobothriidae (¥ it 5 Spirometra £ Diphyllobothrium) (] 11)
(25%, 1)
AP At FY (B 11A)c A FEEFA A o AR AR T L

pa *gﬂ\
-

o}

- \1.
cff’

o
BEH m B2ET I ANT ORI EEEREFES AR
a4 s;m{%éﬁ PO REY e E G H - 2t mgH o L L
Diphyllobothriidae #! 72 f # < (® 11B) - % ¢+ #& & & =~ -
Diphyllobothriidae #* ™ ¢ Spirometra /&% Diphyllobothrium 2 = &7 |
FREAF IR ERLERFL FRAES FHNA AT AR SR A A
i - % Fz T4 #a(Yamaguti, 1961) o

L;..\:\

F_&
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¥RER F1 25 B (Acanthocephala larva) (B 13) (11%, 1)
WP GAF e B R 0 AT ERER % PR B (cystacanth stage) Ac] 5 ¢ B IR o SRER &
TR o wm 30 5 4k (cylindrical) o Hgaees @ o wm i B pECL R o e 3R E G 22
PAy > BR 14 5] 2 AT BnfiE o B SRR o i ¥ RREE 2 PEE
FEANP FFAL? v P NREARLIFAL TS EARE RAF LB E
4 (reservoir host) » 12 & & (Cyst)) ;s F 3R ¢ o LB iE G a8

e s F A B E ¢ BB 5 2 Fu(Lisitsyna, 2010) o @ AN E L E P oarE
BB & R ERER % JP|T A B LA SEARY TR RER AL B
NEDRREE S 0 BN PR EB AL S A o
% & jp| & 4 & Important characteristics (um) :

$%¥7 & (Trunk length) : 4,406

3%#% % (Trunk width) : 1,046

v 3R £ (Proboscis length) : 750

v ¥R 5 (Proboscis width) : 168

= i} £ (Proboscis receptor length) : 1,500

v i % (Proboscis receptor width) : 366

&) % # F1(Hooks length range) : 28-63

*t % 4 A Ectoparasite

B3 Flea

3 % Ctenocephalides canis (%] 12) (25%, 1)

W HE A E Y (R L2A) 0 A FEE F A B o & Lawrence etal. (2015)
fi 2 C. felis F1F

\

mﬁji‘z#ﬂ C. canis m%‘*?%]ﬁ&%‘*gﬁ“r\r’»fﬁg
(] 12B-C) -
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25982 BMOES AR LA KT

R#*Z RHuR
T1751 T2134 T3168 T2455 T3291 T1589 T3257 T2491 T3133 Total
Prevalence Intensity of infection

Nematode [l

Toxocara cati §¢¥ & 6 1 0 4 0 0 3 11 0 25 0.56 5.00

Ancylostoma paraduodenale 0 0 0 5 0 0 0 0 0 5 0.11 5.00

& h
Cestoda % i

Hydatigera taeniaeformis 4 5 2 3 0 0 1 2 14 31 0.78 4.43

B A

Diphyiobothriidae % 57 if & 0 0 0 1 1 0 0 0 0 2 0.22 1.00
Acanthocephala #&sf &

acanthocephala larva 0 0 0 0 0 0 0 0 1 1 0.11 1.00
Flea g3

Ctenocephalides canis % % 1 0 0 0 0 0 0 0 1 0.11 1.00

S RAF LR ARBEL AR

0
AHE/RFLEE RFARRIEFFAEFLADRELI/EFZAF LN LKL

35



ODPDX Cutaneous Larva Migrans

o Skin penetration

Migration of larvae

through skin
e Rhabditiform larva o J

develops into infectious e W Y
filariform larva 2, >

o Hatched rhabditiform
larva develops in
environment

o Animal definitive hosts

Ancylostoma caninum
Ancylostoma braziliense

o Eggs in feces of Undinaria stenocephala
animal definitive host

A inective stage

4 Diagnostic stage

ODPDX Intestinal Hookworm

o Filariform larva
penetrates skin

Ancylostoma spp. larvae
can become developmentally
arrested and dormant in tissues.

Re-activated larvae may enter
the small intestine.

Development to
filariform larva in
enviornment

Larvae exit circulation
in the lungs; they are
then coughed up and

swallowed. Adults in small intestine

o Rhabditiform larva
hatches

’Q Infective stage

4 Diagnostic stage

am e

Ancylostoma  Ancylostoma Necator
duodenale  ceylenicum  americanus Clo

Bl 8 ~ Ancylostoma spp. 2 & & EH AR5 o A) Ancylostoma "ivf FAE L B R FA 0 VA EHERS S B) ERTEAFE R o Cl-2) v igthid (I iy
» ) C3) St - C4) 2 E(F)f] - CS5) 514 - C6) vpitktigsd » & k1§l - C7) 242 £(Fe)f - C8-9) M # =5 & (1 = SR 5 Br)
C10) Ancylostoma paraduodenale - Scale: C1-2,5, 8-9 = 50 um; C3-4,7 scale =200 um; C6,C10=1000um - # =2 7+ & B4 % Xk p CDC:
https://www.cdc.gov/dpdx/zoonotichookworm/index.html % CDC : https://www.cdc.gov/parasites/hookworm/biology.html
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https://www.cdc.gov/dpdx/zoonotichookworm/index.html
https://www.cdc.gov/parasites/hookworm/biology.html

A. ODPDx Toxocara spp.

m L3 larvae migrate
in tissues

A\ 1 Ingestion of
4 paratenic host

(
G775 in tissue
) ? Toxocara canis

Adults in small intestine
of definitive host

Foodborne
@‘ transmission  Paratenic host

© vertical tansmission

o%

Ingestion of eggs

Ingestion of eggs
e - e Adults in small

intestine of
offspring

'ﬁ‘ Infective stage
4 Diagnostic stage

Embryonated
egg with L3 larva

B 9~ Toxcaraspp. 2 %X 2 AR5 o A) Toxcara 14 v 5 48
RERMFL O TEEIPFRLALIREILTR R
A HE o Bl) Toxocara cati - BZ) Toxocara # 4 £ 58 ¥ o
B3-4) % B (4 R M AELELR) - BD) itk
o BG) 2k (pja)ﬁp ° B7)25:'b‘_}2 T (B T B
k3Rt R) o B) itk R4gig o Scale: BS =50 um;
B3-4,6-7 = 200 um; B1-2,8 =1000 um=- # & ¢ 7+ & B %
A CDC:

https://www.cdc.gov/parasites/toxocariasis/biology.html | Bg.



https://www.cdc.gov/parasites/toxocariasis/biology.html

INTERMEDIATE

HOST: eggs eaten
by these animals
form larval cysts
in body organs.

T i T i - T.pisi i i T. hydatigena - T. solium -
cyst in liver. liver, abdomen body uwty hver abdomen liver, abdomen  organs,
muscle.

T. solium -
organs, muscle.

T ovis
muscles

T. multiceps
brain (gid)
subcutis
muscle, eye

_ ovis - T. serialis T saginata
muscles muscle
" subcutis \
DEFINITIVE HOST:
tapeworm cysts (larvae)
eaten by these animals Y.
W when they consume prey § ' O\

grow to adult tapeworms § 4250
in the intestines.

)

il ‘(
L-.eju-
Human

Tapeworm segment

PREPATENT PERIOD: (proglottid) passed in

6 - 8 weeks from the 4 faeces contains eggs.
time of cyst ingestion % )
until nranlnttide/anne S

B 10 ~ Taeniaspp. 2 %8 &2 AR ¥ - A) Taeniaspp. 4 ¥ & v 5
avP o ,_ ME s S BB EA 0 AT
Hydatigera spp. ° = ¢ t=re Hydatigera taeniaeformis z_ 4 %
oM RG Y B FimR s &ML - Bl)H. taeniaeformis
g (1 ﬁ”ﬂ?%'lnwwtv BLE) © B2-3) ik g ok

9) & & %‘ﬁé_{% v B L ARRE T AR e E Rk

ip & + ¥) ° All scale = 1000 um - & 3+ : Taenia spp.

Fr
o
N

\

http://www.pet-informed-veterinary-advice-online.comTaenia html
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http://www.pet-informed-veterinary-advice-online.comtaenia_html/

ODPDX Diphyllobothriid Tapeworms

@ Infected crustacean ingested
by second intermediate host,
usually small fish.

° Predator fish (paratenic
host) eats small fish;
plerocercoid invades
tissue.

Procercoid larva released from
crustacean develops into

plerocercoid larva. e

E —r—'b. )
o B ~e. . Ne<
Procercoid larvae ~
develop in body Yu
cavity of
Crustaceans. ‘

o Definitive host ingests
= plerocercoids in infected
4 fish. Many ﬁsh -eating mammals
and birds are definitive hosts.

(Q\ Scolex n

Diathviocephalusspp. Adenocephalus pp.

st
/ % i e
-

Coracidia hatch from
eggs and are ingested
by the first intermediate
host, crustaceans.

s Unembryonated eggs 8 intective stage
© Eggs emoryonate passed in feces of
B in water. definitive host. d Diagnostic stage

Procercoid larva released from,
crustacean, develops mlo

Infected crustacean ingested

by second intermediate host

(fish, repliles, amphibians).

plerocercoid larva, Predator eats

hitp:

/ﬁ \ \:22235&?1’.&& ﬁﬁ.:ﬁ:f;?:ge ® 11 ~ Diphyllobothriidea % £ #% & # 7% ¢ 224k # & * - A) Diphullobothrium spp. 1 & &% =
el F- P RFRA T NAEF P RFL RSN IIESEEFL -B)
Spirometra Spp. MBEREES ¥ - ¢ Ao T ug e v P Bmi kisy
PR RS B S BB A 0 CLl2) R E P B P (H \r'ﬁ;] SR (1R
5 763
{ T

Procarcoid larvag
in body cavity
ol crustaceans

0

:"J\ ETIS

{

B A ELR)C3-4) = R & F Brik g Lz B ) (AR S A ACELR
%—:) o Scale: C3-4 = 1000 um; C1-C2 = 2000 um - # /= ¢ 77 % B4~ 4w %kp CDC:
Aduls in smal intestine https://www.cdc.gov/parasites/diphyllobothrium/biology.htm b4 CDC :

Coracidia hatch from
eggs and are ingested
by crustaceans. o

https://www.cdc.qgov/dpdx/sparganosis/index.html

e Eggs emnryonale Unembryonated eggs
in water passed in feces
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https://www.cdc.gov/parasites/diphyllobothrium/biology.html
https://www.cdc.gov/dpdx/sparganosis/index.html

o R S
_ ¥ X = -
= o P : =\
o Larvae form pupm\ oA ",‘ - Q

- “ »

Adults hatch from pupae.

Eggs hatch into
larvae,

Eggs shed by female
into environment.

A = Infective Stage
A= Diagnostic Stage

Dog flea

= |

%] 12 ~ Ctenocephalides spp.

4L

2145 A B 7 o A) Ctenocephalides spp. =
+ 3 #r£ % (Lawrence etal., 2015) - C) C. cani. D) £

Febo e SUBF 2 BB B A
:Kﬁ;&]"]/ﬁh N n E' =
https://www.cdc.gov/dpdx/fleas/index.html

> B) %3 (C.felis)gz + 3
¥+ 48 1 Scale: C =1000 um; D =500 um- #

._/\'-"QTF:ESE];\E CDC-

% (C. canls) ERTR At
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https://www.cdc.gov/dpdx/fleas/index.html

Bl I3~ WREF AL BTRARY o A) 450 FFE > ol §RER B A3 ¢ gk ER 1% (cystacanth) 4 £< » $%82 (trunk) p 3% & .t}_a;?\ o B) 2R
(proboscis) > [ &> == i (proboscis receptacle) ¢ 25 22 £ 4(hook) » & £ 14 7] o Scale: A= 1000 um; B =200 um °
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ABSTRACT

The leopard cat (Prionailurus bengalensis chinensis) is listed as a Nationally
Endangered Species in the Red List of Terrestrial Mammals of Taiwan and an
Endangered Species under the Wildlife Conservation Act. The leopard cats are facing
multiple direct and indirect threats, including habitat loss and fragmentation, roadkill,
illegal hunting due to human-animal conflicts, resource competition with feral dogs
and cats, diseases transmission and potential impacts of pesticides and raticide. The
Population Viability Analysis showed that under the baseline model the island-wide
population of leopard cat will gradually increase within 100 years; the extinction rate
within 100 years, however, substantially increases under the catastrophes, roadkill and
poultry invasion models. There is an urgent need to develop and implement effective
conservation measures to reduce the mortality and extinction rate and increase
populaton size and carrying capacity. This Conservation Action Plan for Taiwanese
Leopard Cat provides basic biological and ecological information of leopard cat in
Taiwan, and describes its current threats. More importantly, it lists 10 conservation
strategies and 14 respective conservation actions to reduce the threats. The ultimate

goal is to ensure the sustainable population of leopard cat in Taiwan.

Key words: endangered species, extinction, population viability analysis
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1.

R

P fa AR
I 7 ) fr(Prionailurus bengalensis) £_g £ 4 # f &y # e | Al At e b - A &

12 @ 3 48 - % 4 % 7 (P. b. chinensis)# & d & R 1% ¥ & R _Robert Swinhoe 3z4% 1"
# £ 1% 4 (Swinhoe, 1870) - &>+ & # 5 fwen? W EF s I #&(P. b. chinensis) o .17
EFif BEAT Y B BT LRGN GEE R P AE LN N R T AR
17 (P. b. euptilurus/euptilura)fiz = 4p 17 (Tamada et al., 2008; Patel et al., 2017) -

Prionailurus bengalensis (Kerr,1792)

P.
P.
P.

b. bengalensis (Kerr, 1792) — Peninsular India, Burma, Thailand, Indochina
b. javanensis (Desmarest, 1816) — Java and Bali

b. sumstranus (Horsfield, 1821) — Sumatra

P. b. chinensis (Gray, 1837) — China, Taiwan, Hong Kong
P.
P

. b. eutilurus (Elliot, 1871) — Amur and Ussuri regions, Russia, NE China, Korean

b. horsfieldii (Gray, 1842) — Kashimir, Kumaon, Nepal and Bhutan

Peninsula, Tsushima (Japan)

P. b. bomeoensis (Brongersma, 1935) — Borneo

P. b. trevelyani (Pocock, 1939) — Northern Kashimir and the Upper Punjab in the

T U U T

drainage area of the Indus and Jhelum

. b. alleni (Sody, 1949) — Hainan

. b. iriomotensis (Imaizumi, 1967) — Iriomote Island (Japan)

. b. heaneyi (Groves, 1997) — Palawan

. b. rabori (Groves, 1997) — Negros, Cebu and Panay, Philippines
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o Al e e A2 fdp i e < o R K 55-68 cm & & 27-32
m> k£ 55 ML 40-50% 0 € 5 2.5-5 Kg o e FLEE v 34 ~ {12

EoRd A Adhd DlERT F - > Db 5 iR . k2N BT 5L

BRI ROFFTEL A NG 34EL A o B2 AR

24 15-18

B3

BN RIIFRERG 20F9 A d A o RS R R s A L RG R YL & %

k4 e (®]-1) (Sunquist and Sunquist, 2002) o AR+ i ~ B Acse ~ L &

wiE o 2

Bd5 300 (L T)E BB K UL B 320 v UL (PR R
2009) -
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3. B EmmAst

%S 11685 & LA B (F AR T LR, - (e > 1685) 0 @ &
S FEILE L s B W 4 8 7 _Robert Swinhoe # & 3| & 88 e Bf 2 £ A R A 22
- &% % 4l (Swinhoe, 1870) « 1345 % e TR AR T o P AR AR LY S04
T AEAE A L1500 7 0T g R R(RTF L 2 1940) 0 A 1970 & R

TR P R RS S LB R T LR ;‘ﬁﬁ‘ﬂ’% N N =0 o 13
AREE AR R A 1968 £ - §+L¢,5F i 1985 & ~ Z k¥ T 4 A 1988 £ -
FeFlA e 91992 £ £ 5L T 41994 &% 5 4 'F’EE;LZOOG&&?&‘)?’% ,
Rl BEFLF Ay~ 57 2 a (1R #41; » 2017) -

WA T IRA 5 W& ¥ F* 2005-2008 & @ﬁ G H o FRE LS
FOAL ~ @ SRS SR S (RS ME 7 > 2008) 5 K RIEE (2014)¥ W & B R
F oA h o BEomARARIR s < PIRE 5 ARG B hI RS 0 2 2008 £ B D
L4 PR AR o 84004 0 FliE 7 % (2016)* 2014-2016 & Ao L H T A
1000mMmUT RPBEFELAEFRE LR ERET AT R EF4E
PORARE BGTHR G A T AL s I E s BN R Fi e & 2016
EFEG T L X0 2017 EATH LA BB S L2410 E N AL
Pl B (R 2 %4 v 2017) o AP B HRRAIASTL R ~AHTEHE  AFH ~ ATAE
T T HREFERF LS B NELREAF R IZED LR DA

F BB (METE 5 2019); 2010 # A3 1,700 M hE LFLEF 4 fode & B 4
AEEHEINEL 0 LD R AKRER PP RBGTEM B2 9 > 2019) - it
B 2017 ALK R Lges - AT LR BME B AL RT P
B~ &Ep dRAPB N~ LRI 7 LR (ﬂa L % 2017) 0 i A
B R7TFREDELEREE ) cHERYHEF 20184E 13 4p8dp 4%

EB(FIE T o AE)52019 E AATH O G ALY OB IRE LB (HRT 4
A m) 2019 & Z LB HRP R L odp e B (A E > A EN) o

U5 #(2017)  1996-2016 & [ ¢ 42 p o dp s ~ BAS FG LB T L
A\‘#,ﬂbx:’? | * J= 48~ # g R -2 Maximum Entropy Model i& 7 > % 7 L ¥
B o TR T RTAF B B e AR EDFRTE rzai%f%

J(2140km?) s B E B R ARMT AL G F LA F AT ITL 2L RHE DS L Hieh

e AT A (L414Kkm7) 2 H 6 HEATIERI 2 S & B LB LT
fREE (6,799 km?) (B1-2) -
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4, R E 2 B

MEFEI Y ERTEHO T 7560 BRPPBHT|E P LT L
PrE oGy EE T RkMAE T REN T 7-10 £ BRE > HE LB AR Y

& 100km? § 21-31 & (M F 70§ A L) o H AR ¥ Q01T N E L E & M

9 2,140 km?® > B A E & & DE ;L%&imi:%?;{%;s& SRR R >
£ 97 468669 L Lo ARA U THRENTLBARIE ROV TARE
T B EEEE (FRR %1 0 2017) - k2 5(2017)?;1 BIELER R 2L
s @ fi % 3453km? #&/E'J'F’ Fapio 755 1,079 & 7 % - FlE 7 %(2020) te s
PFTLAAHBERBAY P F o XE2BL 30 Kkm*eiF® > L AR E
EE RS L R EHRA S ENT 2 BB AEEG AL W 5 F 100 km?
34-38 & 2 38-57 & -

PHEE LR SR BRE T LA ke R(RET 5 A F
a%ﬁVEW¢%uiﬁtg,%&ﬁggggaﬁgwgﬂﬁ?o

i/%*ﬁ“ Tehd 2 LFEF LY RS .%fﬁéﬁﬂg BESH St ht %
A%?*”ﬂ}; W Hcen® % o Jpl el #F 2 % 3052 4 B (Okamura et al,
2000) & £ LREEH G911 T A4 o A AWRE 460 o REHGE 60
% (Kitchener, 1998)- iz & < e 8 5 2-4 7 » 5 % ¥ 3 4-45 % * (Okamura et
al., 2000; Schmidt et al., 2009) - & # 7 % |RZ # 9 60-70 = > 29 A2 7T 2-4 &
P L F 2-3 REALP A 0 19935 4R ¥ 0 2000) o fIgRAEA F eI B &
ferb2 A4S 2B FFELRYOE%R L2970 v Rk AR
FHEIARPETLALFHEN ZAFIRESFEIAY bt 2R Flaok
P 0 MY THA B ERE I k- BRI EAZ bk AW 2
P50 28 (M A 1993) » BRI LRE D) 0 B A G R B AR
267 > R BEBHTAE AL TRE LY 0 BRA YDA 2 FEERGRT
% % 5 2013) o
AL MR ESATT Y 0 p At S »w'aéﬁu |5 & £ ihkdrs 10 &
(Murayama, 2008) - 4% % 7 7. ¥ LR mAEMREETA PRI GRS
FrRXs&r t RETLLEH > FRAKRA L6 ERHMY 02 1HoRML §
#o B ST 6 B4 £ #(cementum growth layer) ($]: § % > 2018) > Nakanishi
etal. (2009)4p 16 A L BT F FLEL L L R4 Hehr LA Es £- &
AE 1T FE- H%FE LT ML Mo RS ST 12 kpFd Pl
HEF)r GREHGEF EFFES 7 Tt bB (FEC-MmETFAEN)
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6. aPEIR S5
THPRZHE e I ERPRF L8 €T EMREHE S 45
A 5E %2 & % 2 $ (Watanabe et al., 2003; Shehzad et al., 2012; Lorica and Heaney,
2013; Lee et al, 2014) - £ B 7 Leha ey > NEELAFTELET > v E R F
MRS P B A B (4 39.4%) 0 B HFk 2 (26.4%) 0 ¥ bR b mA
Foos BUEE S R THE - ANEE A B E(EDE 5 2012); WA E 2 B4 Y 0 BRE
HeFr B Laldrdr > 25 R IUESP ORFAEF (4 433%) > & f2
(255%) c F @ P AR S Y FF RE add K a b w &t A (Diet
niche breadth):4p %3+ & Levins index (Lst; Levins, 1968; Colwell and Futuyma,
1971)3 B> % R AR L & A s % eha 2 € & Pianka index (Oj; Pianka, 1973) 7
BREF-RE I FdD REEET RS v &+ % 7 72 1 & (Niviventer coxingi)
54 @m o3 %L E(Bandicota indica) 2 1 8 0 Foap B2 %k KA FAPRE
Bp RS TREDT LR TR RS (ARE A U AL

Y
[

7. RB¥FERBEFNE
FRARAE AEEAEFR1,000 m T L R (R g » 2017) > 12 4

7 A3 1,400 m ook F e (R R ,]“ » 2008 ; FRIH ~ 7 L:*- g -2019) - H s
BREOGHMAFFALS A A F RS S MARE LRE S 3 (Bashir et al,
2014; Mohamed et al., 2016) » # 4t F] 5 M/a R L F a4 11&3&5 LBi8 o
LAEMEPEFSF LS a1 # I3 AN éxﬁﬂ v 7 4 4 & & (Apodemus semotus)
% v g & (Niviventer culturatus) ~ 4 # = B (Mirotus kikuchii) 2 2 *g
(Eothenomys melanogaster) % 4 #& 3 1 &U#g ¢ > H AR 5 475 317 F (A% T A ~
thiF ’2008) FAT L /rfnqac%]%iw B E R B hX RHR(% Y B0 2016; Chenetal.,
2015) > H =t 5 2% A4k~ %4 3 2 B 23 (Chenetal, 2016) ; k& X B & 97k

B B oL 9 X R L P frendg-er(Chua et al., 2016) « 3T & R FRE L £ 11
P RN A o B S0 A A L RN I A Z R AR B RGBT
LNTARF(METE 0 2019) 0 T EFA P AR LIS EHERE L E Y
PE Y EEFRLE L (kT A o AL ) o
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(1) BT EHRE EH

TP R LA AR 2 F ER L 22 F IUCN =R #?
“f 7P & enhd 4 L(P. b, iriomotensis) >+ & % (Critically Endangered, CE) % 2
EEEw maf@f_a_f; 215 % (P. b. rabori) &>t % & (Vulnerable, VU) % & 2_¢ » H @
PRI R A7) 5 & B (Least Concern, LC) % % (IUCN, 2020) - e & 3 &
R ELTAT 6 fRiEr FAM 2272 2 B 74 n @ X REL T FTRS

4 B fe g ®% 5 o X (Convention on International Trade in Endangered
Species of Wild Fauna and Flora, CITES)#-+ 5 & ' ¥ % & #4 7] 5 4=
(Appendix 1)> 7= 2 5 = TR G B~ A F FI 2 WAL P ERH T b
EFhP ~EFRE R 3 R %37 't — (Appendix 1) 0 & 5 7
Pl & B REFLE L#wﬁé(CITES, 2020) -

Ea R L AGEREFL)EIUCN A S & B (LC)E % > L b d B F L
B G| 468-669 & 2 L (R EE 0 2017) > ® BB VA iEBIT MR Y o (TR
BEL R ¢4 1989 #7702 ;; ri@%ﬁrp T ORI A Fo e o 3T 2008
ERFTEA S ETERE LD L TRERESA ) BT EEA RS o Al ¥
AR EFF AP RT Y 2017 & & BB Rl Dl 3 L BT
7] & B 7J8 5 (Nationally Endangered, NEN)#% # # 3 (3847 % & - 2017) -

HAENA 2019 MR LIRT P oisiE ] o A4 w@ﬁ%%%ﬁ&’%i
EE LR P OB AL - RANMN A E FEF F L AL
T L T bR T R FTRELA (TH R B TE MR
LHWERH B PBERHEGR 3P 3T RIFUFET PN By AL

AR o

S

ﬁ

>

(2) "% MEHMZE A LER
AR RRE AT G EBRE BRI A Q017 F e R 54T s 4R
LR B R R A ATy I R B A VLR A s P B R -

Z4

FLFR ORI = 5 ¥ 2 SR R - BLE %ﬁgﬁz«;ﬁﬁﬁ’ﬁé‘ii’&éé&%%‘ifﬁéfvlé

3D

S

|

+
P

CERLE R LB EEBE AT L PR R RO LS R TS
%k%%i‘%dé?i;aiiﬁﬁm%«%’H-ra*ﬁ)‘rafp»m“? BRI CLEEY
LR KRR R L R (BT BRI F 0 2017) o gttt o 4R R
# Q017 R g7 1996-2016 # ¥ 7 oL L eNEL R 7 R L E R RS R T
TR LA R EF G A7 by FERP O BAEDILIEEN L LA T F A
A s AR 1y 2 1322 %7 RAJEIRE LA MDA BE T o Al ? B EA
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56 38 % iﬁmﬁﬁﬁﬁﬂu’uﬁ“%m&&%iﬁgoﬁﬁﬂﬁéﬁ*ﬁ%

S iﬁ’é-*ﬁf‘ o A KRBT ARG o

~

3) APt

Hirh S ME2 A Be g BRE EgrbpaAlBd ByEE, P
eGP HETHE IS EFALR T AR REF e
FH - RRE FREIHUHF A ST L L L2 AF£A BT SR
@ﬁ%ai@&ﬁfﬁ%%ai#%fﬁ.zgﬁ4%#mkbm?¢uaiw
R Ew 02014 ERLERFAP ST BBFEECKEE 3 HEFU
@W’&é&%&ZwJW%WW%i%?ﬁ%ﬁ’Bﬁix%n%nwiﬁ%.~
7 H%iﬁ%W#(4ﬁ’%U%
ui%%ﬁﬁﬂ AL AR RESRE LK 2D
fﬁ”@i“lﬁm#ofﬂ’mmﬁ@éﬁiﬁﬁ
SETEHORERFIRGE LD X 2 o T 4E
PABNAASE LI R AR STHFANASETE LT LRNERL

z ¥ & (3@ 4 0 2015) 0 2020 E 44 ¢ o Hhad B fo AR &

TRIT R L2 PR S

K2

AP % (20194 My 2 £ S “gﬁﬁﬁﬁ“f% BRE ¥ F EE 238
e FR s G RT L BT RA ks F f—r""%%*m)%%ﬁﬂ#ﬁ%@”ﬁyi?
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}ﬁﬁ%?oié%%&m*ﬂpiﬁ%’ﬁﬁﬁﬁO&%ﬁi B A R
o %'m?\g% s AP H GRS E L A SR
%ﬁ%&% ST %#f?m#%’w%quﬁn il e (12 3
%-2016) 2 Lo RS RERYH 200cm (£E 150 cm -~ A w #h &3 50 cm) -
BABPThRGHITF AR PRE B4 B FHTROHALE LG
BERECE5219) 4B 7 L RmTHREFRLAIIT BB E L S Fler d
BETLF PR R EL AL L RERE R E R L LD

WEIRTEY R OBENER P ERIFEUF LN R RNR SR LGS &
424 1;{; r?”ﬁw?ﬁﬁiil‘ﬁiéjgﬁégﬁ’E%Pﬁﬁﬁfﬁgﬁw@f‘
RAEPISE L ET T R(EE =% > 2019) -

ZM9ﬁ%ﬁ%&%F%ﬁﬁ?@}$%%ﬁ?‘%ﬁri%%iiﬁmﬁ
ﬁ@ﬁﬁ“*«?’ﬁ%& iRE PR E REEEE A

FLERBIFZ L L 7 DY BE BRI ’ﬁi SRR ERLEA
5 H(Hark 0 2019) - 2020 # ¥ & Rhr RS ads 109 & 4 ¥ 7 :
MeErstd o ST TE P2 TP IR P2 LT RT ERRE S
(?pﬁﬂ&%i » 2020) °

Pand BREHFEMRI TR AT T AR BT T ERAE

#H- T 5“%*%?%15} LA RIS .

FAPRALAD RS F T AR FAY o H A RS LR B
BEAPHE AT ki RGrr a2 oEREBIFET G - AX G IR
FAE-2007 # s BB 2LE ) 2Ll ORE AR EIHFLY 'U%#fz‘:é ’
AP wHHTLBARATTNER R £ 22012 #8479 B DSRE P
Ribenic s BHFEEFRFE SH#RE > 2018323 20 121200 %
oo T IRES B EMR o B 0 LB AT i 20 2 4
PR R LEREF R LGP R RETFRAZ LA BT LD 2
FHFTLET A RGRT S5 0 2014) - 4 ¢ 44 ,%Hb%gké B % %A B
AR 2020 EHEA P B S FRREFAN TR HRFEE T
PR BB RES ;js_ﬁtté;%;afwwx(ﬁs‘fzi » 2020) ©

Bl 2aARH KEPHUEASTRFE LT IRAE B gz W zr R
B o AT 4 B R P oc(translocation) o 22 2 F7EF o fB P Ty AR ¥
W B (TIRG oE 2 W FFER LMD 2B P Fla 2 FERATH L LR A
H3 o
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(6) # s

W XA RAOBEA TR BALIL S PR (Y B E O 2018) - KR
(011 T 7 £ T2 2L RERF X RRGIFETTI8% YRR
P R ARRBIE R&AFARKBIMBE A7 FRIAL T L BHE 4%
o IR R RA 8 R A (MR 2018) 0 B LR ABRE L L op A B R
i 82.4% (Chenetal., 2019) - iRi X & + &4 Rchp g o e EREF RSB
FRACTRERTOUEEATILERTE W A BHE T LEEOEF (M
& > 2018) -

®
]

BELGET oY ZR G E A RSRE 2 22 A kT 7 ET A
»e e EHpehd B % £ (lzawaetal., 2009) - B 70 @ § 2% § 7 L 4p B ch1 i®PF
ERRYFIE R L G %m&zm»ﬁi%%ﬁaﬁﬁ%fﬁ@lﬁﬁﬂ%ﬂ“

4&@%#wiﬂfiﬁ&’mM)%4ﬂm%ﬁ¢ R KA RE KT R
A B IR B O GAEAAFAL ARl R L B BTG K
gi,%ziﬁ AT A b BT 1 V(T 4 & mm)*y%\km4u
Ry FAFTEAETRBZ P TF 2 2§ BMHF LAAMER L 7L

%?wwﬁt»g%#*ﬁé%~lﬁﬁﬁ%ﬁ§%—ﬁimﬁ%*%?’ﬁ?

TARM Z FIE M AR RE L ET Fh o 7 (RIS 2014 B2 7 &
mm;ﬁiﬁi’Zm%°b@E£?4’ppmﬁﬁﬁﬂﬁﬁlﬂ)céijw
FABRTOAER > - LN OREAAF L LRETIR I EEHEL G

WHHT AR R R 7 A BT ¢h3 35 (Best and Pei, 2019) -

EEEHE L TBRGI A S K BoLs EARRE TS HAeFL Pt
RET A —P 22018 £ R R TAETEFAS T OLRES - %1 e
AL ARET B APE A ek e B AN RIS 2 R RAT
%6ui%ﬁA%&mﬁﬁ%ngﬁ—&%&&{ﬂ?FJ4uﬁs&’-%ﬁ

Pl o FF ARG EESR RRIBE Uﬂﬁmfﬁi BEDERT 78

\¢

N

TEL RN LM B ES o MrF A1 T EEA Y LT
(#pTe /58 Rescute) ~ & %= éﬁ@%m<aﬂw p ’A> g

(¥ B % | Re:Connected) & ¢ 775 % > #p ¥ B LETOEFE -
CERRES RN S FREENEEE LR LS P m&m e

Z+— PﬁtbSEﬁL&%.J °
MEKRGFIFHE LIRS E 2R
Ctuig‘lff‘z‘?mi ’ii-ﬁﬂ?%m‘ﬁ*ﬁﬁ‘ 7/;{__/1’5’

ToBFokam 27 or 2 BT
BEIB L LR TR L ¢ HRar
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RATA R F IR L2 BRTAET LM E T 52013 £ B BaREMET L E R
B TREFL VBRI EE O SO REFRT AL L2014 & 20
5 T AR RT EATEE sl ia m&ﬂ%i‘rfé» BIzH
N LA T AR 0 2015 ER R R @ R £ PR

TR TR - B i%‘éﬁ—%?tﬁﬁ‘lf’?%é‘m PR p f*ﬁi%‘fﬁ#ﬁ;n
2019 &£ B TR i end BRI, B 2019 £ R NELK K 2 s RSO B
BALEyE T S 500 7 LG RAR- Y B B b 52020 E Frci B L 6 4
ERNN R R TR L - 3 23 2 TEB L 2R

B e PRI

,_
f<
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9. E¥ 344 4 47(Population viability analysis, PVA)

FHEGFHE A A 1TPVA)ERS ¥ B ko] ¥ 5 R EcE (Minimum
viable population, MVP) » r— i %% & K k¥ £ 5 13 /% s > 1% 48 #c(Shaffer,
1981) - PVA = B £k s * f3% e ik 7 4~ & (Keystone species) ~ 45 1% 4+ & (Indicator
species) ~IUCN = L Z p #1722 X R P BEF e 53 2 R BB 5 T i
g T 2 S Y > % (Reed et al, 2002; Wootton and Bell, 2014;
Fantle-Lepczyk et al., 2018) o = fd e f 34 & FAAREZE ~ * 0038 PVA 3] o9
SUCEARE > o HORUNE S § AR -

it & 4-(2020)+ VORTEX 10 (%Rt @ https://scti.tools/vortex/) i& {7 4 4
PAAPEREGH S A4 o § AR R T L AN S8 (4 -1)2 2 A ST (baseline
model) » 4=4>*%#¥ £ 3% 25 500 & » R -RPEX XL 017 § » &7 1,000 =

Fh 100 & PR F S S HER o Kﬁxgté,?f; LAk TR ﬁzx—:‘jﬁ% L
PVA 7 3 (Murayama, 2008) s 5-#ic & » & 4e » BN 7 7 3 4 R 2 2EREF B 2
B U ARUETA] S A ¥t r B R TS (7R e A RO o ek 103

Pl ERep AREEY SRR BEOR R TR ER P IS TIRTE 12
¢ 4§ % m(2020) 503 0 p 1911-2019 # X 188 BECR FOEMEE S A F R

Tl A BOEF TG AP e R S 5 1.6%: FEE%%‘,U{ $HE LR T 2 HE
HETEREFIBI 2% 48585 40% &b 32 8 FWEETEF 75%
(F-2) " CEAHCR] 12 FARRIZ X LA A HET ALE F F uiht £ o Reed
etal. (2003) &) £ s T30E T2 RF 0N G fo- X Rf7A= > U 3E L
- R BRE 21 & § SR A ER o S LEReE S 9 5 476% 0 0 R
AW L 50% - EH G EF L 50%12‘-1‘ff3—%§£(7\ “3) o BMLHCA] C RE E R
BRI > AR R TR B AP RT Y o f
p 2013-2018 & AL F AL AR T 0 T30 iR SRl s 217 & sz
2434 8 s ARt 19 €2 s 109 B (£-4) 0t fBGR TR
BoREAETHR - uEE20 ERHA ZREAGEFER - 2 2
Bl B G 317 e R R T R B 82 st AR AR B 01
e HR(R A 7 A 5 L) (R95) -

Kf 1OFER) 100 E HEFER G 8 S0 0T T T LR fE 4 $7 (sensitivity analysis)
T EBYFFEERGR IR REFRE S TS ErE-L S 4
AR ES SR
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https://scti.tools/vortex/

2-1~ ASBCAI 2 SHGR BB AR A

17 #ic B

Parameter

Baseline model

sensitivity analysis

Scenario setting

Number of Iterations 1000

Number of years 100

Duration of each ”year” in days 365

Extinction Definition only 1 sex remains

Number of Populations 1

Species Description

Inbreeding Depression

Lethal equivalents 6.29 3.14,12
Percent due to recessive lethal alleles 50

EV Concordance of Reproduction & 0.5

Survival '

Reproductive System

Mate long-term polygynous

Age of First Offspring Females 2

Age of First Offspring Males 3

Maximum Age of Female Reproduction 10 4-10
Maximum Age of Male Reproduction 10 4-10
Maximum lifespan 13

Maximum Number of Broods per Year 1

Maximum Number of Progeny per Brood 3

Sex Ratio at Birth 50

Density Dependent Reproduction =3

Reproductive Rates

Adult Females Breeding% 50 30-70
EV in % Breeding % £ % i* (EV) 10

Distribution of broods per year

0 Broods 0

1 Broods 100

Specify the distribution of number of

offspring per female per brood

1 Offspring 35.5

2 Offspring 53

3 Offspring 115

Mate Monopolization

%Males in breeding pool 100 40-100

Calculate from % males siring
Calculate from # males / successful sire
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Mortality Rates

Females age from 0 to 1 50 30-70
SD in females 0 to 1 due to EV 15

Females age from 1 to 2 20 5-40
SD in females 1 to 2 due to EV 6

Females after age 2 8 3-30
SD in females after age 2 due to EV 2

Males age from 0 to 1 50 30-70
SD in females 0 to 1 due to EV 15

Males age from 1 to 2 20 5-40
SD in females 1 to 2 due to EV 6

Males age from 2 to 3 8 3-30
SD in females 2 to 3 due to EV 2

Males after age 3 8 3-30
SD in females after age 3 due to EV 2

Initial Population Size

Stable/specified age distribution stable

Initial population size 500 400-700
Carrying Capacity

Carrying capacity (K) 917 750-1,500
SD in K due to EV 10

Catastrophes i

Harvest J< f& * HE

2~ ek HoA2 S HR T

Parameter Typhoon model Sensitivity analysis
Catastrophes 1

Frequency% 2

Reproduction 0.4 0.5
Survival 0.75

23 NS IR B R T

Parameter Stochastic catastrophes model Sensitivity analysis
Catastrophes 1

Frequency% 4.76

Reproduction 0.5

Survival 0.5
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Fo4 s BHHCY 2 SR T

Parameter Roadkill model  sensitivity analysis
Harvest j< f&

implement as translocation #5 *4 i 4 & 7 = 0

First year of harvest B 4 # 1

Last year of harvest 2 & & 100

Interval between harvests 4z #& & I§ 1

Optional criteria for harvest J< f& i i+ 1

Optional criteria for individuals

(0 7 fek, 1 4e7) :
Number of females of each age to be harvest
Harvest from age 1 to 2 1.9 1,4
Harvest from after age 2 2.17 1,4
Number of males of each age to be harvest
Harvest from age 1 to 2 1.09 05,2
Harvest from age 2 to 3 2.17 1,4
Harvest from after age 3 2.17 1,4
-5 B A2 FHR T
Parameter Poultry invasion model sensitivity analysis
implement as translocation #5 *4 i % ' 7 = 0
First year of harvest B 4. # 1
Last year of harvest 2 & & 100
Interval between harvests 1z & /& [ 1
Optional criteria for harvest 1< 7& ix i+ 1
Optional criteria for individuals L
(0 3 4, 1 fei§)
Number of females of each age to be
harvested
Harvest from age 1 to 2 4.8 3.6,7.2,10.8
Harvest from after age 2 1.2 09,18, 27
Number of males of each age to be harvested
Harvest from age 1 to 2 12.6 9.45, 18.9, 28.35
Harvest from age 2 to 3 0.7 0.5, 1.05, 1.55
Harvest from after age 3 0 0.5, 1.05, 1.55
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TR PVA R 5 BT (-6 B-3) AMB 3L L LD @ 100 & (4
R F S S 0 NS CEEHCA] 100 £ {8 e 5 32.8% 0 BLMHCA| e g
529.8%  FHEHARE L 5920 0 F L HIL BT frE kg A g
B> 100 # fs e G B iE 94.7% > 20 £ G %ﬁém%’m&w&%ﬁﬁ
FLO0> 4o JUCN H¥ % w32 5 S %> 2055 % p(VU)E % -

IUCN 128 3 8 5 iF 5 32 g a2 & en% 5o 4ok 100 # 3 % 4 5>10% »
BI7U % 3 5 (VU)E o 2 A7 5 7 I B3] cPist > 4o % & 4% 100 & 3 6 48 % <10%

«\\
>

Bool AzdaE B A w5 0 AMECT) 200 €0 g 950 £ s A 2§74 1,150
§ NP IREEAI>2000 & 0 9RE 5 3 w&ﬁiﬂmo

ISy w&wﬁﬁ*%%T’EQ Fo R FRP RO L VEER E B) 2
&R VRN B e = % (F)-4) ﬁ&mw%xﬁf’ﬁﬁ?i“wi

LEER LR AR g R % K AP RS G IFIR N R
B(F-5) &2 BB AP P PR R HEN T > 7 AORE BB DA €
Boqrid R S B R L BB 100 £ 2 8 48 5 #d 29.8%% 5 6.2% ;
hod & R E T R eBcB R L 5 100 #5858 % d 50.200% 5 16.4% o 4r
Sl E R kB2 R A P T REERL P A EE R TS 900
g 5 p] 100 & /= 5 5 d 94.7%% % 17% -

PVA chfisd B34 Bei & cn 3| F] 5 R p H 2 $ 5 2 4 G 8 Sl r
Moo bR F4o(020)55 5 ¢ oty AT L L Sk B A LR
foh o EER R LTI RknE i i P oLl e LARTRES 21T

Fi¥2 R

Nhud

B R

£
Ik

CRALR(FAVRAEY R ATRAEY  GiREELE
LEMEORAFE 2 R0 X R A BEFIHE LR FRE

T > Tt x k4o r PVA g 77 S B PHROE S o B A e LA

0 2
EFAF TR AR RBEOE LR LT AR FREE L ARNERE
g
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26~ AABC © CEEC R A RO R BRI A B
Baseline Stochastic Roadkill Poultry Roadkill+Poultry
model  catastrophe model model invasion model invasion model

stoch-r ~ 0.0208 -0.0273 -0.0059 -0.0224 -0.0630
PE 0.0000 0.3280 0.2980 0.5920 0.9470
N-all 724.02 127.14 380.01 195.81 18.03

stoch-r: T3a%g# £ 5 5 PE: =% & 5 N-all: T35 (i %EE

=== Baseline == Roadkill — Pou_ltr_y invasion

=== Roadkill+Poultry invasion === Stochastic catastrophe

200 S

700

600 ]
500 ]
2 400
=
300
200
100

D-

1
o 10 20 Kl 40 5 il T =] a0 100

ear

Bl-3~ & B0 100 # 5 2 B ts % HE 0 I AL AMEA > LM 5 B
A BRI ELEIHT TR EP R KR BERRE LT
A e
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= i kS A I B 3 B B = =
st YE et =] [ T T 3k T
F£OF =] o B | S~ S =
[ i VAN tk = =

tb
Bl-4 gL % 0 BET O L F(stoch-nZ pHE L FlF o od &
A M) A7 1E 20 B & (stoch-r= 0.02) ©
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lii3 T 54 TiE i3 i3 M B oo IR
R O - T - R TR
gOo& M B 4w | 4 @ Rk B K
KK M om0 B R BB o ®m OB &%
= S S il 5k B st 3 B OB =
Y el Vel = | 3k T T % |
EOFE FH 5 =® L O®B B L =
(O = *
tk
B-5 SR A% BERTHE S %EEN-al)z pHEEFF - 4 i
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T RA R AT ERAFRINNA AT RDNE > T A B K SRR
(Ecosystem Services)# it o Faftdedr s p AR BB R 0 BB G kPR
TEES > B3R AMRBHA R I M AP TR PR R SANRE

# it (Loveridge et al., 2010; Snow Leopard Working Secretariat, 2013; Thinley et al.,
2018)c oL A BR LA h AR BN EF o AFEBLE NERELY
f8(Umbrella species) » 5 7 e I d & K 0 7 4 mﬂt P IR G o MIFT L
WMl ETRB T ki ¥ E(Use value) ~ 73 W iE (Existence value) ~ i p¥ § &
(Bequest value) 2 £ #% % & (Option value) (% & ¥ » 2017) - "f B2tk o A e g R
ﬁ§¢%%%ﬁﬁﬁﬁﬁ’ﬁi?ﬁﬁi£%%%u%’{u ey A BREE R o
=2g~:3 % (Plague) (f#2 4g {1355 5 # #1F » 2012) ~ j# # 4 (Hantavirus) (f#2 4811
%K:ﬁvﬁa%'#' FoAW6)FAZRLBLpHOF R - oL AAFREFLHDF RO e
B & G &2 (Angiostrongylus cantonensis)~ i p 32 &+ @ (Sarcocystis spp.) & (3& Eﬂff‘%:t g
2010) - 538 # 3 & B AL G iy B A R e0BAT o AR D PO BUE TR L 1

o

2

11, A ¢ 2 K3

hiEd o BPOLFIE S AL VALY > 01852 & T kA P gy BLL RS
difg it o F]P A P FERA o RIRP D kS RANEF AR LT 2
Fl* AL A ERREHEBLRERFENLY 2 LADHERGE L5 - 3 1940
ESEE G LARSEY ELASL i%?mn&!‘(479’1988 i i=%2015) -
1972 p geiR e % 26 WS 7 AP M R § B S Ly FIE LR PR
LA R E LR f R AR (2 4701988) i Wik 31T BT v IR L E B (E
RIS E T 02008 29 E - 2016) 0 A Aw A& BT REERELDNELE D
B T E T s )b 44% 0 B BRI Tok@iEd ) 4 25% 0 ¥ bR
FAY AR S FHRBR A EERB I LG ARG LT I
T F TR e R E ix@’%&(%’f%ﬁ—i » 2014) -
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&R A 4

1. 18-
Q) e &2 « Fpiz gl

Ao A et LRFEaR pES 2 3o FF 2 - (Rileyetal,
2003) » 7 LA B e Rl idr | E R B hH(5 v & > 2016; Chenetal,, 2016) » iT# %k 7
RERRE DT EFFIRET R L LS P {0 2013 E 4R 4R PR
FIFBREEF&DF L2 g B F o fitgl B 208 a8 2014 5127 ~ H
T % 0 2017) - 4 w(%&iﬁ%)’?%[ﬁ& B3 %t 2010 # § F 2 B IRIE(S 0 3T 2012
ETRbl o FEFMERASES LT L EE o FIEEB T LY 2 kT AR
FEAEAEY B R KRBT R A AF o BRI IR SE A RITE R
Fh o mh 2017 Efc s R Ak AR(FAEHERERE Fo € 0 2012 WL AT
B~ 374 w2 2019) 2 2014 E4p = &= Rk > RASF B R HE 78 ha
B R TR LR A AR 2 £3% 2016 EARAER - RS M XA
N PETRIE PSR S k(b B4 2019) 02018 & K- 5k fFRE 2 Fl7 dp B
B X FEILAR AT LD AR 2 ’é?%%SMﬁﬁ%n*ii*ﬁ
RBEOF NIz <~ FH L ey MR EFTRE IR AT S TRRRE TR0
—F«mé 0 2019) A ¢ OB R }H WX B chg 2015 £ £ ¢ B Ez)ﬁ—},\'ﬁz?’,‘i%

yREA YL R TAETE ?Ei FIHERE LA (B R (p d PFIR 0 2015 FlE

~ k7T % 2 2017) - 2018 # FiE - BAgRl LR fods s S TRIEIH
£ 50 ha chFl % > B FIR Y 0 LB REr 0 K- £ %ﬁféiﬁgii B %

AT LR EE LS AR FREFORE R F 2018 & ATH > 2019) -
P T E R pHE R L 2 R R LR R R AKAES 2R E KT (P J PR
2020) » #ik T oL AEE G 2 & F R o

SR LBRLEBEN Y FRBESE e e RS U E L
BB EAEEF U EIEANTE sk~ cEEZ2Le kA
FREBL I FREFF LR R I RERFER (242> 2014) 0 v & ® 2010 & w4

50 BhiE fp R 1 ek FIE RGBS L c BT HORRRER C T RT L
LEFZA LR RX 2013 # 5 13 M R REATRIATFIFTARE Ligr il42
BT AL R gt g o 2014 ERBEREFRARIV LB R GREAT TR ER
FIFL AR AT P L B2 R RE(RUEFNOER L 0 2020) 5 5 ¢ R
2010 F xR E3RATRIAZF ISR 1L > RFIRLIELE RIERELETFA
g B F € BT BT A RRE A X PIMIL 2 v A 2013 & % 2 pL®aE F i B (R
% 2016) «

LR TUCN 12 7 £/1 %%
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)ATS:LEA\’H“ ’ l,;:]lg 1‘ r' 13;‘ = %‘T—F SPKFBFYX‘-@‘}L';&% s JL,"&/” m' 'tr-?-?ﬁ %‘.
Pl Rt s T TR L RREE S AR E o Rt (R 2
',’]J‘Ef- » 2017) - “ﬁ% TRzt R EEILE = G %ﬁﬂii%ﬁz‘ﬁ‘zﬁ B fEfR IR 4 # e s de o
M RBRPN KRG 0 PR FARGANEPIIE A [ S4B BOREM LR EFEZ K
Ere I > "5 1‘4«%%*@/5’3’% PTG LR o

(2)1E L5k 7

Lﬁu%ﬁ. FAR SHBEP AERER R LEFE S - TE
ﬁ&ﬁﬁp’w LEHBFF L7 DELFF 2 - > Wz d P owiyt > g 2011
#£3 2020 10 7 30 P R E LB LSS 1A A2 (C derg 2R R R b)) 0 0 E A
TRLRE 2 8L A (d 24t b 7T1%)E 5 B o s 4 H (21 £ 5 18.4%) (F1-6) - W &
Foa POBREKERELDORE  BRKLGTRREENILE C TR POERF] A AP
W AT LR E AREE(ZE C8 5 2019) c NI BE M T L gk A 4917
o B RBEBFRIENEIOM AL ERCAER et golR L c B2 RS

FOEE 100 m pom R @ LR Rl E TSR~ EOREJEE Y 5L A g TR
B R R RN H R LA FARR S REREFCE 0TI B e (F
5% (T 4 % 2018) - %wip,iiu;zﬁmﬁ@ﬁ;\ﬂzﬁa
LaErahd £2 L4 ﬁﬁr;:w@":y% EP AR ;R T L RRARE S A
%éf?ﬁﬁ&@%%%ﬁiaiﬁ%pM’mﬁﬁ%; L FEREB GRS
TROeSREL LT R AT RESBY ) LA @ﬁw@ﬁu » 2019) >

2019 # 8 " T & 7 i F Y REFHBEROT EF L o

N w
(€] o
1 1

i']L

LRV

g2 15 - moe

12 13 13 13
&10_ 10 10 ma 3R
. I 6 I I my &
. -
1
0‘_-|.| T T T T T T T

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020
&L

Bl-6 ~ 2011 & 3 2020 & 10 * 2 Bi® @4 F LM S e o

244 i TUCN 4.1 i & /4852
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() 3L » =~ pE 2 2 e

HA S PRSP HA DL GMAL2E PR ASTET  ARRGE PR EA
A 24 @R ek F12_ - (Sillero-Zubiri and Laurenson, 2001; Suhumann et al., 2012) - # ¢ 1
g TE% T 4 Gl e b g 22 & R % e #(Inskip and Zimmermann, 2009) o & 4% L
BRRARGOE S TR AR P ES GRS G OB (K RIS AT 0 2008) - B
R RA Y IR 9 24 % (N=58)ivi MR F L ikt e T #4710 %
R IR RBA R L 96 %A Ry B TR FIE LG R

P M (St John et al., 2015) - % 1% i= % (2018) e w & fo v 4E % i T 4k
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