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EXECUTIVE SUMMARY  
M1'!F620'%(!AC6;(2!G6(72:6B'!>FAG@!;(!F620'%(!.6K)&7;6!6(7!:'(0%6C!
[;'0!T6K!:&KB%;2'2!&('!&D!01'!C6%*'20!%'K6;(;(*!'^B6(2'2!&D!C&OC6(7!
_':;7/&/2! _;B0'%&:6%B! N&%'20,! 6! 0JB'! &D! D&%'20! 0160! ;2! 2'P'%'CJ!
01%'60'('7#! M1'! FAG! 16%)&/%2! *C&)6CCJ! 2;*(;D;:6(0! B&B/C60;&(2! &D!
'(76(*'%'7!O;C7C;D',!;(:C/7;(*!01'!C6%*'20!B&B/C60;&(!&D!O;C7!)6(0'(*!
>Q&2! j6P6(;:/2@! ;(! ;02! (60;P'! %6(*',! :%;0;:6CCJ! '(76(*'%'7! ;);2! 6(7!
P/C0/%'! 2B':;'2,! .6K)&7;6i2! C6%*'20! B&B/C60;&(! &D! Y2;6(! 'C'B16(02!
>FC'B162!K6^;K/2@,! &('!&D! 01'! C620!9;6K'2'! :%&:&7;C'!B&B/C60;&(2!
>.%&:&7JC/2!2;6K'(2;2@,!6(7!01'!&(CJ!%'K6;(;(*!\(7&:1;('2'!C'&B6%7!
B&B/C60;&(!>A6(01'%6!B6%7/2!7'C6:&/%;@!;(!\(7&:1;(6#

Y!_':67'!&D!E(*/C60'!"&(;0&%;(*!;(!01'!F620'%(!AC6;(2!G6(72:6B'!
-&)/20!K&(;0&%;(*! &D! O;C7C;D'! B&B/C60;&(2! ;2! :%;0;:6C! 0&! 622'22! 01'!
;KB6:02!&D!01%'602!0&!O;C7C;D',!0&!2/BB&%0!'P;7'(:'L)62'7!:&(2'%P60;&(!
7':;2;&(LK6H;(*,! 6(7! D&%! 'DD':0;P'!B%&0':0'7!6%'6!K6(6*'K'(0#! \(!
01'!A1(&K!A%;:1!6(7!9%'B&H!I;C7C;D'!96(:0/6%;'2!>AAI9!6(7!9I9,!
%'2B':0;P'CJ@,!C&:60'7!;(!01'!1'6%0!&D!01'!FAG,!6!C&(*L0'%K!/(*/C60'!
K&(;0&%;(*!B%&*%6KK'!;2!)';(*!;KBC'K'(0'7,!01'!%'2/C02!&D!01'!D;%20!
0'(LJ'6%!B'%;&7!>3?+?L3?3?@!&D!O1;:1!6%'!B%'2'(0'7!;(!01;2!%'B&%0#!
E2;(*!6!206(76%7;W'7!7;206(:'L26KBC;(*!2060;20;:6C! D%6K'O&%H,!01;2!
B%&*%6KK'!622'22'7!01'!B&B/C60;&(!2060/2!6(7!0%'(72!D&%!)6(0'(*,!
(&%01'%(!%'7!K/(0j6:!>"/(0;6:/2!P6*;(6C;2@!1'%';(6D0'%!%'D'%%'7!0&!
62!%'7!K/(0j6:,!6(7!F/%62;6(!O;C7!B;*!>9/2!2:%&D6@,!6CC!6%'!;KB&%06(0!
B%'J! 2B':;'2! D&%! 01'! 7;P'%2'! 622'K)C6*'! &D! C6%*'! :6%(;P&%'2! ;(! 01'!
C6(72:6B'#!

M1'!/(*/C60'!7'(2;0;'2!;(!9I9!6(7!AAI9!6%'!K/:1!C&O'%!:&KB6%'7!
0&!':&C&*;:6CCJ!2;K;C6%!C6(72:6B'2!;(!9&/01!Y2;6,!2/**'20;(*!0160!01'!
/(*/C60'!B&B/C60;&(2!;(!01'!FAG!6%'!:/%%'(0CJ!2'P'%'CJ!7'BC'0'7#!M1'!
'20;K60'7!0;*'%!B%'J!);&K622!&D!++U#XH*bHK3!;(!3?3?!;2!C'22!016(!Uk!
&D!B%'J!);&K622!7'(2;0J!;(!6!:&KB6%6)C'!0;*'%!2;0'!;(!9&/01'620!Y2;6!
>c/6;!416!416'(*!I;C7C;D'!96(:0/6%J!;(!M16;C6(7l!>9;K:16%&'(!'0!
6C#,!3?+S@@#

!"#$%"&'()&

M1'! 3?+?L++! )62'C;('! 2/%P'J! %'P'6C'7! 0160! 01'! FAG! :&(06;('7! 01'!
C6%*'20! *C&)6C! B&B/C60;&(! &D! 01'! '(76(*'%'7! )6(0'(*! ;(! ;02! (60;P'!
%6(*'<!O;01!6(!'20;K60'!&D!+,d++!;(7;P;7/6C2!>dUk!.\<!ZX?L3dU3@!;(!
9I9! 6(7! +,+?3! ;(7;P;7/6C2! >V?3L3,?+Z@! ;(! AAI9#! \(! 3?3?,! 01;2!
*C&)6CCJ! 2;*(;D;:6(0! B&B/C60;&(!162! 7%6K60;:6CCJ! 7':C;('7!)J! 6)&/0!
X3k!:&KB6%'7!0&!01'!3?+?L++!B&B/C60;&(#!M1'!B&B/C60;&(!7'(2;0J!&D!
01'! %'C60;P'CJ! %'2;C;'(0! %'7! K/(0j6:! 162! 6C2&! 7':C;('7! ;(! 3?3?!
:&KB6%'7!0&!01'!3?+?L++!)62'C;('#!I;C7!B;*!;2!01'!&(CJ!/(*/C60'!D&%!
O1;:1!B&B/C60;&(!7'(2;0J!7;7!(&0!7':C;(',!)/0!21&O'7!6!DC/:0/60;(*!
0%'(7!&P'%!0;K'!;(!)&01!2;0'2#!\(!3?3?,!B&B/C60;&(!7'(2;0J!&D!01'!O;C7!
B;*!O62!C&O'%!016(!01'!)62'C;('!;(!9I9!)/0!2;K;C6%!;(!AAI9!>M6)C'!+@#!!

F(:&/(0'%!%60'2!D&%!&01'%!H'J!/(*/C60'2<!FC7m2!7''%!>-/:'%P/2!'C7;;@,!
*6/%!>Q&2!*6/%/2@,!6(7!26K)6%!>-/26!/(;:&C&%@,!O'%'!'^0%'K'CJ!C&O!
>%6(*;(*! D%&K!W'%&! 0&! D;P'! '(:&/(0'%2!B'%! 2/%P'J@,! 2/**'20;(*! 0160!
&(CJ! 2K6CC! B&B/C60;&(2! &D! 01'2'! 2B':;'2,! 6CC! &D! O1;:1! 6%'! *C&)6CCJ!
01%'60'('7,!%'K6;(#!

!"#$%&'(&)%*+,-.&"*/&0102$"-,1*&+,3%4&"$1*5&6,-7&8-"*/"9/&:9919&;<8:=&>19&
-79%%& 2*52$"-%& +0%?,%+& ,*& 89%01@& A,$/$,>%& 8"*?-2"9.& "*/& B7*1C& B9,?7&
A,$/$,>%& 8"*?-2"9.& %+-,C"-%/& >91C&/,+-"*?%D+"C0$,*5&#"+%/& $,*%& -9"*+%?-&
+29E%.+&;"9%"D6%,57-%/&/%*+,-.&6"+&2+%/&>19&FG'GD''&-1&1#-",*&/%*+,-.&>19&
-7%&?19%&31*%+&1>&8A8=4&"*/&-7%&?7"*5%+&,*&/%*+,-.&#%-6%%*&-7%&#"+%$,*%&"*/&
-7%&$"-%+-&+29E%.&.%"9&6,-7&-7%,9&+,5*,>,?"*?%&$%E%$&;0DE"$2%=H

!"#$%#&' ()'*+,# -#+. /#0&%12'34'
%05%6%57+8&9:,;'
<!=

/#0&%12'>?@'
AB'.+0C#'

/#0&%12'$D+0C#'%0'EFEF'
$3,"+.#5'13'EFGFHGG

(3"78+ 30'&%I#'
<'!='

(3"78+ 30'&%I#'
>?@'AB'.+0C#'

!"!#$%&'# ()*)+** *,*)#-#),.* ),/)+*,0( *1**#-#/.* 20)+(1/(
!"!#$%&' ()() ),(*#-#),*) ),)1+),/. +2),3*4#567),)).8 .0*#-#*00 */)#+#1*2
99"! ()*)+** ),33#-#),()# ),.3+*,(*# **)(#-#.:* 3)(+()*2#
99"! ()() ),(1#-#),*: ),**+),0: +//,114#567),)318 :2/#-#(.2 *1*#+#*(.)
!"!#$%&'# ()*)+** (,/3#-#),(: (,)1+.,)3 ::/.#-#:(: .3(.+/(2.
!"!#$%&' ()() ),2(#-#),*3 ),//+*,(( +30,114#5672,)));+*)8 *:(/#-#(2: 13(+(**(
99"! ()*)+** *,/(#-#),(1 *,):+(,(( (/:.#-#:02 *0::+.0)2#
99"! ()() *,*/#-#),*/ ),21+*,/) +(:,.4#567),*(08 *1(/#-#(/3 *:2)+(/):
!"!#$%&'# ()*)+** *,1*#-#),:( *,)2+(,00 ..*:#-#0.2 *.12+:..)
!"!#$%&' ()() *,(/#-#),(3 ),2:+*,20 +.:,/34#567),)1(8 (*31#-#::. *:/*+.(:)
99"! ()*)+** ),1/#-#),(1# ),/.+*,0*# */1/#-#:01 21*+(2//
99"! ()() *,**#-#),(3 ),0)+*,0/ */,14#567),.:08 *2:2#-#:.* **0)+(1*1

J+01#0C

K#5'
,701L+$

M%85'"%C

Wild pig

Banteng

Red Muntjac

9 10



Increasing Trend in Threats
c;20&%;:6CCJ,!01'!FAG!:&(06;('7!P620!6**%'*60;&(2!&D!C6%*'!/(*/C60'!
2B':;'2! 0160! 2/BB&%0'7! 6! P6%;'0J! &D! C6%*'! :6%(;P&%'2#! _':67'2! &D!
6%K'7! :;P;C! :&(DC;:0! B6;%'7! O;01! ;CC'*6C! 1/(0;(*! C'7! 0&! 2;*(;D;:6(0!
%'7/:0;&(2! &D! K&20! C6%*'! K6KK6C! B&B/C60;&(2! 6:%&22! 01';%! %6(*'!
>G&/:H2!'0!6C#,!3??d@!6(7!%'2/C0'7!;(!01'!C;H'CJ!'^0;(:0;&(!&D!2B':;'2!
2/:1!62!01'!H&/B%'J!>Q&2!26/P'C;@!6(7!C&:6C!'^0;%B60;&(!&D!01'!0;*'%!
>A6(01'%6! 0;*%;2@#! "&%'! %':'(0CJ,! 6(! /(B%':'7'(0'7! B&6:1;(*! 6(7!
2(6%;(*!:%;2;2!;2!2O''B;(*!01%&/*1!\(7&:1;(6#!\(!01'!FAG!&D!.6K)&7;6,!
6! %6B;7! 6::'C'%60;&(! 6(7! ;(0'(2;D;:60;&(! &D! B&6:1;(*! 162! )''(!
&)2'%P'7! &P'%! 01'! B620! 7':67'#! _/%;(*! 01'! K&(;0&%;(*! B'%;&7!
>3?+?L3?3?@,!01'!%60'!60!O1;:1!%6(*'%!B60%&C2!&(!D&&0!6(7!K&0&%:J:C'!
'(:&/(0'%'7!6(7!%'K&P'7!2(6%'2!6(7!&01'%!2/:1!C'016C!O;C7C;D'!0%6B2!
;(:%'62'7!&P'%!6!1/(7%'7D&C7!D%&K!?#?S!0%6B2!B'%!+??!HK!B60%&CC'7!
;(!3?+?!0&!V#SV!;(!3?3?#!\(:%'62;(*CJ!7'P62060;(*!B&6:1;(*!K'01&72!
2/:1!62!)C6(H'0!2(6%;(*,! j6O!0%6B2,!6(7!C;P'!'C':0%;D;'7!O;%'2!0&!H;CC!
6(;K6C2!16P'!)''(!&)2'%P'7!%'*/C6%CJ!;(!%':'(0!J'6%2#

M1;2! 0%'(7!&D! ;(:%'62'7!B&6:1;(*! ;2!B%;K6%;CJ! D/'CC'7!)J! 01'! ;CC'*6C!
0%67'!;(!O;C7C;D'!6(7!*%&O;(*!7'K6(7!D&%!O;C7!K'60!6(7!&01'%!O;C7C;D'!
B6%02!6(7!B%&7/:02!D%&K!O;01;(!.6K)&7;6!6(7!D%&K!6:%&22!01'!)&%7'%!
;(! [;'0! T6K#! M1'! 7'0%;K'(06C! 'DD':0! &D! B&6:1;(*! &(! /(*/C60'2! ;2!
D/%01'%! '^6:'%)60'7!)J! 01'! ;KB6:02!&D! ;CC'*6C! D&%'20! '(:%&6:1K'(0,!
6(7! D&%'20! :&(P'%2;&(! 6(7! 7'*%6760;&(,! 7%;P'(! B%;K6%;CJ! )J! 01'!
;CC'*6C! 0;K)'%! 0%67',! %6B;7! 2&:;&L':&(&K;:! *%&O01,! 6(7! ;(:%'62'7!
6::'22!0&!01'2'!&(:'!%'K&0'!D&%'202!7/'!0&!%&67!7'P'C&BK'(0#
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Conclusions
M1'!B%':6%;&/2!'^;20'(:'!&D!FC7i2!7''%,!26K)6%!7''%!6(7!*6/%!62!

2K6CC,! 2B60;6CCJ! ;2&C60'7! B&B/C60;&(2,! 6(7! 01'! 20''B! 7':C;('2! ;(!
)6(0'(*!6(7!%'7!K/(0j6:!B&B/C60;&(2!6%'!1;*1CJ!:&(:'%(;(*,!62!01'2'!
2B':;'2!BC6J!P;06C!':&C&*;:6C!%&C'2!;(!01'!7%J!D&%'20!':&2J20'K#!
!
./%%'(0CJ,!0;*'%LB%'J!);&K622!;(!01'!FAG!;2!P'%J!C&O!6(7!;0!O&/C7!

06H'! &P'%! 6! 7':67'! &D! ;7'6C,! (&LB&6:1;(*! :&(7;0;&(2! D&%! 01'! B%'J!
B&B/C60;&(2!0&!%':&P'%!(60/%6CCJ!0&!01'!C'P'C!D&/(7!;(!6!:&KB6%6)C'!
2;0'!;(!M16;C6(7!0160!;2!:/%%'(0CJ!2/206;(;(*!6!2&/%:'!0;*'%!B&B/C60;&(#

M1'!B&6:1;(*!01%'60,!B6%0;:/C6%CJ!;(!01'!D&%K!&D!2(6%;(*,!;(!01'!0O&!
B%&0':0'7!6%'6!2;0'2!;(!01'!FAG!162!*%&O(!)J!0O&!&%7'%2!&D!K6*(;0/7'!
7/%;(*! 01;2!K&(;0&%;(*!B'%;&7,! ;(7;:60;(*! 0160! 01'! :/%%'(0! C'P'C! &D!
B%&0':0'7! 6%'6! K6(6*'K'(0! 6(7! C6O! '(D&%:'K'(0! 'DD&%02! 6%'! (&!
C&(*'%!2/DD;:;'(0!0&!06:HC'!01'!01%'602!'DD':0;P'CJ#!

"&%'! ;(0'(2;P'! :&(2'%P60;&(! 20%60'*;'2! 6(7! 6! :&KB%'1'(2;P'!
/(*/C60'!%':&P'%J!B%&*%6KK'!6%'!/%*'(0CJ!%'n/;%'7!0&!%'P'%2'!01'!
B&B/C60;&(!0%'(72#

Majestic male eld's deer at waterhole in Srepok Wildlife Sanctuary  © Fletcher & Baylis / WWF-Cambodia
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Management Recommendations

90%'(*01'(;(*! C6O! '(D&%:'K'(0! 6:0;&(2! &(! ;CC'*6C! O;C7C;D'! 0%67'!
>0160!7%;P'2!B&6:1;(*!;(!01'!FAG@!;(!01'!B%&P;(:'2!6%&/(7!01'!FAG!
6(7! ;(!B6%0;:/C6%,!6C&(*! 01'!)&%7'%!6%'62!)';(*!/2'7! 0&!2/BBCJ! 01'!
7'K6(7!:&K;(*!D%&K![;'0!T6K#!

.&(2/K'%!%'2'6%:1!&(!7'K6(7!D&%!O;C7!K'60!6(7!&01'%!O;C7C;D'!B6%02!
21&/C7! ;(D&%K! 01'! 7'P'C&BK'(0! &D! 'DD':0;P'! 2&:;6C! 6(7! )'16P;&/%!
:16(*'!20%60'*;'2!6;K'7!60!C&(*'%L0'%K!7'K6(7!%'7/:0;&(#

.&(0;(/;(*! 01'! %'2'6%:1! &(! B&B/C60;&(! 7J(6K;:2! 6(7! %'*/C6%!
'20;K60;&(2! &D! /(*/C60'! B&B/C60;&(2! 6%'! '22'(0;6C! D&%! K&(;0&%;(*!
2B':;'2!%':&P'%J!)&01!;(2;7'!6(7!&/02;7'!&D!01'!I-`2#!\(!677;0;&(,!
K&%'! %&)/20! K&(;0&%;(*! &D! H'J! 01%'602! 6(7! 01'! 'DD':0;P'('22! &D!
:&(2'%P60;&(! ;(0'%P'(0;&(2! 6%'! :%/:;6C! 0&! ;(D&%K! 0;K'CJ! 676B0;P'!
K6(6*'K'(0#

M1'! FC7i2! 7''%! 6(7! )6(0'(*! B&B/C60;&(2! ;(! 01'! FAG! 6%'! &D!
;%%'BC6:'6)C'!:&(2'%P60;&(!P6C/'!7/'!0&!01';%!'(76(*'%'7!2060/2,!6(7!
01'J!O&/C7!)'!;KB&%06(0!B%'J!2B':;'2!D&%!0;*'%2!O1'(!%';(0%&7/:'7#!
M&!B%'P'(0!01'2'!2B':;'2!D%&K!D&CC&O;(*!01'!26K'!'^0;(:0;&(!B601!62!
01'! H&/B%'J! 6(7! 01'! 0;*'%! ;(! 01'! FAG,! ;0! ;2! :%/:;6C! 0160! 'DD':0;P'!
K6(6*'K'(0!;(0'%P'(0;&(2!6%'!K67'!;KK'7;60'CJ,!;(:C/7;(*!)J<
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\(;0;60;(*! 6(! /(*/C60'! %':&P'%J! B%&*%6KK',! :&(:'(0%60'7! ;(!
:6%'D/CCJ! 2'C':0'7! hI;C7C;D'!-':&P'%J!`&('i! >I-`@!O;01;(! 01'!AY2,!
6(7!;(:C/7;(*!6(!;(0'*%60'7!:6B0;P'!)%''7;(*!:&KB&('(0#!E(*/C60'!
%':&P'%J! ;(! 01'!I-`2,! 21&/C7!)'! :&KBC'K'(0'7!)J! %'20&:H;(*,! 6C&(*!
O;01!7;2'62'!:&(0%&C,!D&&7!2/BBC'K'(060;&(,!2/%D6:'!O60'%!B%&P;2;&(!
6(7!&01'%!;(0'(2;P'!16);060!K6(6*'K'(0!K'62/%'2#!
!
90%'(*01'(;(*!B%&0':0;&(!D%&K!B&6:1;(*!)J!;(:%'62;(*!B60%&CC;(*!

'DD&%02,! B/00;(*! ;(! BC6:'! 67'n/60'! %6(*'%! 20%'(*01! ;(! 01'! 0O&! AY2!
6C&(*2;7'! 'KBC&J;(*! :&KK/(;0J! %6(*'%2,! ;(! :&(j/(:0;&(! O;01!
;(:%'62;(*!B60%&CC;(*! 'DD':0;P'('22!O;01! 2060'L&DL01'! 6%0! 0':1(&C&*J!
2/:1!62!6(0;LB&6:1;(*!7%&('!6C'%0!2J20'K2!6(7!6%0;D;:;6C!;(0'CC;*'(:'!
)62'7! 6(6CJ0;:2#! M1'! I-`2! %'n/;%'! B6%0;:/C6%CJ! 1;*1! C'P'C2! &D!
B%&0':0;&(,! ;(:C/7;(*! D'(:;(*! O;01! 6C6%K! 2J20'K2! 6(7! D%'n/'(0!
B'%;K'0'%!B60%&C2!0&!20&B!B&6:1'%2#!M1'2'!B60%&CC;(*!'DD&%02!K/20!)'!
:&K);('7!O;01!:6%'D/C!;(P'20;*60;&(2,!B%&2':/0;&(2!6(7!:&(P;:0;&(2!
&D!B&6:1'%2#!FDD':0;P'!B%&0':0;&(!&D!01'!I-`2!6(7!01'!C6%*'%!O;C7C;D'!
26(:0/6%J! 6%'6! %'n/;%'2! 7'7;:60'7! 6(7! C&(*L0'%K! :&KK;0K'(0! &D!
%'2&/%:'2#
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M1'2'!K6(6*'K'(0! %':&KK'(760;&(2! 6(7!B%&B&2'7! ;(0'%P'(0;&(2!
6%'!:%;0;:6C!D&%!01'!%'20&%60;&(!&D!01'!C6%*'!6(7!%'C60;P'CJ!;(06:0!D&%'202!
&D!01'!FAG!O;01!01'!1;20&%;:6C!7;P'%2'!622'K)C6*'!&D!C6%*'!K6KK6C!
B&B/C60;&(2#! M1;2! ;(! 0/%(! O;CC! B%&P;7'! 01'! (60/%6C! :6B;06C! D&%!
2/206;(6)C'! 2&:;&L':&(&K;:! &BB&%0/(;0;'2! D&%! C&:6C! :&KK/(;0;'2,!
&01'%! 206H'1&C7'%2,! 6(7! 01'! B%&P;(:;6C! 6(7! (60;&(6C! *&P'%(K'(02#!
M1;2!/(;n/'!(60/%6C!C6(72:6B',!D6:;(*!2'P'%'!01%'602!0&!;02!;(0'*%;0J,!
;2! 60! 6! 0;BB;(*!B&;(0,! 6(7!:&KB%'1'(2;P'!B%&0':0;&(!&D! D&%'202!6(7!
%'20&%60;&(!&D!'^0;%B60'7!O;C7C;D'!L!6!h%'O;C7;(*!&D!01'!C6(72:6B',i!;2!
6(!/%*'(0!B%;&%;0J#
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LIST OF ACRONYMS AND ABBREVIATION
Y\.:<!! ! YH6;H'!\(D&%K60;&(!.%;0'%;6!:&%%':0'7!D&%!2K6CC!26KBC'!2;W'!
._9<!! ! .&(P'(0;&(6C!_;206(:'!96KBC;(*!
.\<! ! .&(D;7'(:'!\(0'%P6C
__N<! ! _':;7/&/2!_;B0'%&:6%B!N&%'20
FN<! ! FP'%*%''(!N&%'20
FG.<! ! F:&(&K;:!G6(7!.&(:'22;&(2
FAG<! ! F620'%(!AC6;(2!G6(72:6B'
$Y"<! ! $'('%6C;W'7!Y77;0;P'!"&7'C
$_YT.A<! _'B6%0K'(0!&D!T60/%'!.&(2'%P60;&(!6(7!A%&0':0;&(!&D!01'!F(P;%&(K'(0
c44I9<!! c/6;!416!416'(*!I;C7C;D'!96(:0/6%J!;(!M16;C6(7
I-`<! ! I;C7C;D'!-':&P'%J!`&('
\E.T<! ! \(0'%(60;&(6C!E(;&(!D&%!.&(2'%P60;&(!&D!T60/%'!
49I9<!!! 4'&!9';K6!I;C7C;D'!96(:0/6%J!
"._9<!!! "/C0;BC'L.&P6%;60'!_;206(:'!96KBC;(*!
"_N<! ! ";^'7!_':;7/&/2!N&%'20!
"\9M<! ! "6(6*'K'(0!\(D&%K60;&(!9J20'K
"&F<! ! ";(;20%J!&D!F(P;%&(K'(0!
"AN<! ! "&(7/CH;%;!A%&0':0'7!N&%'20!>:/%%'(0CJ!H(&O(!62!9%'B&H!I;C7C;D'!96(:0/6%J@
AY<! ! A%&0':0'7!Y%'6
AAI9<! ! A1(&K!A%;:1!I;C7C;D'!96(:0/6%J
-$.<! ! -&J6C!$&P'%(K'(0!&D!.6K)&7;6!
9F<!! ! 906(76%7!F%%&%!
9FN<! ! 9'K;L'P'%*%''(!N&%'20
9"Y-M<! 9B60;6C!"&(;0&%;(*!6(7!-'B&%0;(*!M&&C!
9I9!.&%'<! Y(!6%'6!&D!+,X8V4K3!O;01;(!9I9!O1'%'!C;('!0%6(2':0!2/%P'J2!O'%'!:&(7/:0'7!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!>2''!D;*/%'!3@
9I9!\(('%!.&%'<!Y!2/)L6%'6!;(!01'!:'(0%'!&D!9I9L.&%'!:&KB%;2;(*!SV?HK3!0160!O62!! !!!!!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!2/%P'J'7!!;(!3?++!6(7!3?+S!>2''!D;*/%'!3@
9I9!]/0'%!.&%'<!Y!2/)L6%'6!O;01;(!9I9L.&%'!:&KB%;2;(*!+,3XVHK3!0160!0&*'01'%!O;01!9I9!!
!!!!!!!!!!!!!!!!!!!!!!!!!!!!!!;(('%!:&%'!>SV?HK3@!D&%K2!01'!'(0;%'!9I9L.&%'!>+,X8VHK3@!>2''!D;*/%'!3@#
9I9<! ! 9%'B&H!I;C7C;D'!96(:0/6%J!>D&%K'%CJ!H(&O(!62!"&(7/CH;%;!A%&0':0'7!N&%'20@
E9Y\_<!! E(;0'7!9060'2!Y*'(:J!D&%!\(0'%(60;&(6C!_'P'C&BK'(0#
IIN<! ! I&%C7!I;7'!N/(7!D&%!T60/%'!>H(&O(!62!I&%C7!I;C7C;D'!N/(7!;(!01'!E#9#Y#@
5_TA<!!! 5&H!_&(!T60;&(6C!A6%H
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1. INTRODUCTION
M1'! 0%6(2)&/(76%J! F620'%(! AC6;(2! G6(72:6B'! >FAG@,! 6! B%&0':0'7!
6%'6!>AY@!:&KBC'^!;(!F620'%(!.6K)&7;6,!'^0'(7;(*!0&![;'0!T6K,!;2!
:&KB%;2'7! ! &D! 6BB%&^;K60'CJ! +S,???HK3! &D!K&26;:! 16);060! O1;:1!
D&%K2!&('!&D!01'!C6%*'20!C&OC6(7!_':;7/&/2!_;B0'%&:6%B!N&%'20!>__N@!
%'K6;(;(*!&(!'6%01!>I&1CD6%0!'0!6C#,!3?+S@#!I1;C'!0%&B;:6C!7%J!D&%'202!
6%'! :&(2;7'%'7! 01'!K&20! 01%'60'('7!6(7! C'620! 'DD':0;P'CJ!B%&0':0'7!
K6j&%!D&%'20! 0JB'!*C&)6CCJ!>R6(W'(,!+dZZl!c&'H20%6!'0!6C#,!3??S@,!6!
%'C60;P'CJ! C6%*'! 6%'6! >o38,???HK3bo8Uk@! &D! 01'! .6K)&7;6(! __N!
%'K6;(2!%'C60;P'CJ!;(06:0!6(7!C;'2!O;01;(!01'!)&/(76%;'2!&D!&DD;:;6CCJ!
B%&0':0'7!6%'62!>A;(!'0!6C#,!3?+8l!I&1CD6%0!'0!6C#,!3?+S@#!M1'2'!P620!
D&%'202!6%'! C&:60'7! ;(!6!K6j&%!1&02B&0! D&%!'P&C/0;&(6%J!1;20&%J!6(7!
);&7;P'%2;0J<!h01'!\(7&:1;(6!);&%'*;&(i,!O;01!'^:'B0;&(6CCJ!1;*1!C'P'C2!&D!
2B':;'2!%;:1('22!6(7!'(7'K;2K!>R'(H;(2!'0!6C#,!3?+8l!7'!Q%/J(!'0!6C#,!
3?+S@#!M1'!FAG!2/BB&%02!*C&)6CCJ!2;*(;D;:6(0!B&B/C60;&(2!&D!:%;0;:6CCJ!
'(76(*'%'7!);%7C;D'!;(:C/7;(*!01'!*;6(0!;);2!>M16/K60;);2!*;*6(0'6@!
6(7!O1;0'L21&/C7'%'7! ;);2! >A2'/7;);2! 76P;2&(;@! >$%6J,! A&CC6%7,! '0! 6C#,!
3?+Sl! G&P'%;7*'! =! MJ,! 3?+U@,! &('! &D! 01'! C620! 9;6K'2'! :%&:&7;C'!
B&B/C60;&(2!%'K6;(;(*!*C&)6CCJ!>c6(!'0!6C#,!3?+U@,!.6K)&7;6i2!C6%*'20!
B&B/C60;&(!&D!Y2;6(!'C'B16(02!>$%6J,![;7J6,!'0!6C#,!3?+S@,!01'!C6%*'20!
*C&)6C!B&B/C60;&(!&D!O;C7!)6(0'(*!;(!;02!(60;P'!%6(*'!>$%6J,!A%/K,!'0!
6C#,!3?+3@!6(7!01'!&(CJ!%'K6;(;(*!B&B/C60;&(!&D!\(7&:1;('2'!C'&B6%72!
;(!\(7&:1;(6!>-&20%&L$6%:p6!'0!6C#,!3?+Vl!-62B1&('!'0!6C#,!3?+d@#

M1'!A1(&K!A%;:1!I;C7C;D'!96(:0/6%J!>AAI9@!6(7!01'!9%'B&H!I;C7C;D'!
96(:0/6%J!>9I9@!6%'!C&:60'7!;(!01'!:'(0%'!&D!01'!FAG!6(7!D6CC!/(7'%!
01'! K6(6*'K'(0! &D! 01'! _'B6%0K'(0! &D! T60/%'! .&(2'%P60;&(! 6(7!
A%&0':0;&(!&D! 01'!";(;20%J!&D!F(P;%&(K'(0!>$_YT.Ab"&F@!&D! 01'!
-&J6C! $&P'%(K'(0! &D! .6K)&7;6! >-$.@,! O;01! 0':1(;:6C! 2/BB&%0!
B%&P;7'7!)J!IINL.6K)&7;6!2;(:'!+ddZ#!M1'!AAI9,!6!AY!0160!:&P'%2!
3,33UHK3,!O62!'206)C;21'7!)J!%&J6C!7':%''!;(!+dd8#!M1'!9I9,!2B6((;(*!
8,X8?HK3,! O62! D;%20! 7'2;*(60'7! 62! 01'! "&(7/CH;%;! A%&0':0'7! N&%'20!
>"AN@! )J! 01'! ";(;20%J! &D! N&%'20%J,! N;21'%;'2! 6(7! Y*%;:/C0/%'! ;(!
3??3,! 6(7! C60'%! %'(6K'7! 01'! 9%'B&H! I;C7C;D'! 96(:0/6%J! )J! 01'!
$_YT.A!;(!3?+V#!Y2!B6%0!&D!.6K)&7;6i2!:&KK;0K'(0!0&!01'!*C&)6C!
*&6C!0&!7&/)C;(*!01'!O;C7!0;*'%!B&B/C60;&(2!)J!01'!J'6%!3?33,!'(7&%2'7!60!
01'!3?+?!\(0'%(60;&(6C!M;*'%!N&%/K!;(!90#!A'0'%2)/%*!>$C&)6C!M;*'%!
\(;0;60;P',!3?+?@,!01'!N&%'20%J!Y7K;(;20%60;&(!B%&7/:'7!01'!.6K)&7;6!
M;*'%!Y:0;&(!AC6(!>N&%'20%J!Y7K;(;20%60;&(,!3?++@!O1;:1!;7'(0;D;'7!
01'!FAG!62!01'!D;%20!B%;&%;0J!2;0'!D&%!0;*'%!%';(0%&7/:0;&(#

c;20&%;:6CCJ,!01'!(&%01!6(7!'620'%(!.6K)&7;6(!D&%'202!O'%'!%'(&O('7!
*6K'C6(7! :&(06;(;(*! P620! 6**%'*60;&(2! &D! C6%*'! /(*/C60'2! 0160!
2/BB&%0'7!6!P6%;'0J!&D!C6%*'!:6%(;P&%'2!>I16%0&(,!+dVV@#!_':67'2!&D!
6%K'7!:;P;C!:&(DC;:0,!D&CC&O'7!)J!':&(&K;:!*%&O01,!C'7!0&!2;*(;D;:6(0!
%'7/:0;&(2!;(!C6%*'L)&7;'7!K6KK6C!B&B/C60;&(2!>G&/:H2!'0!6C#,!3??d@,!
62!O'CC! 62! 01'! '^0;(:0;&(! &D! 2B':;'2! 2/:1! 62! 01'! H&/B%'J! 6(7! C&:6C!
'^0;%B60;&(!&D!0;*'%2!>A6(01'%6!0;*%;2@!>.&%C'00,!3?+?l!$%6J,!-6006(6H,!'0!
6C#,!3?+3l!]i4'CCJ!'0!6C#,!3?+3@#!T&('01'C'22,!/(0;C!6!C;00C'!&P'%!6!7':67'!
6*&,!01'!FAG!20;CC!:&(06;('7!2&K'!&D!01'!K&20!;(06:0!622'K)C6*'2!&D!
K'*6D6/(6!;(!01'!%'*;&(!>$%6J,!A%/K,!'0!6C#,!3?+3l!$%6J,![;7J6,!'0!
6C#,!3?+S@#!

c&O'P'%,! 01'! %6B;7!6::'C'%60;&(!6(7! ;(0'(2;D;:60;&(!&D! 01%'602!162!
BC6:'7!;(:%'62;(*!B%'22/%'!&(!01'2'!%'K6;(;(*!B&B/C60;&(2!>9:1;BB'%!
'0!6C#,!3??Zl!c/*1'2,!3?+X@#!M1'!/(B%':'7'(0'7!B&6:1;(*!6(7!2(6%;(*!
:%;2;2!6:%&22!9&/01'620!Y2;6,!;2!D/'CC'7!)J!6(!;(:%'62;(*!/%)6(!7'K6(7!
D&%!O;C7C;D'!B%&7/:02,!B6%0;:/C6%CJ!K'60!>$%6J!'0!6C#,!3?+Zl!9:1'DD'%2!
'0!6C#,!3?+dl!c';(%;:1!'0!6C#,!3?3?@#!\(!01'!FAG,!01;2!7'K6(7!&%;*;(60'2!
)&01!D%&K!O;01;(!.6K)&7;6!62!O'CC!62!D%&K!6:%&22!01'!)&%7'%!;(!
[;'0!T6K! >Q'C':HJ!=!$%6J,! 3?3?@#!c6);060! :&(P'%2;&(,! 16);060!
7'*%6760;&(,!;(D%620%/:0/%'!7'P'C&BK'(0,!B&%&/2!C'*6C!D%6K'O&%H2!6(7!
7'D;:;'(0!C6O!'(D&%:'K'(0!D/%01'%!:&KB%&K;2'7!2B':;'2!B'%2;20'(:'!
;(!01'!%'*;&(!>Q%&&H2!'0!6C#,!+dddl!Q6%%'00!'0!6C#,!3??+l!9&71;!'0!6C#,!
3??Sl!$;)2&(!'0!6C#,!3?++l!T''D!'0!6C#,!3?+8@#

-&)/20!K&(;0&%;(*! &D!O;C7C;D'! B&B/C60;&(2! ;2! :%;0;:6C! 0&! 6::/%60'CJ!
622'22! 01'! ;KB6:02! &D! 01'2'! 01%'602! &(! O;C7C;D',! 6(7! 0&! 2/BB&%0!
'P;7'(:'L)62'7! :&(2'%P60;&(! 7':;2;&(LK6H;(*! 6(7! 'DD':0;P'! AY!
K6(6*'K'(0! >9/01'%C6(7! '0! 6C#,! 3??Sl! A/CC;(! =! 4(;*10,! 3??dl!
G;(7'(K6J'%!'0!6C#,!3?+3@#!_/'!0&!01'! D&%'2;*10!6(7! ;(P'20K'(0!&D!
IIN!0&!2'0!/B!6!C&(*L0'%K!K&(;0&%;(*!B%&*%6KK'!D&%!06%*'0!2B':;'2!
;(!01'!FAG,!7606!(&O!'^;202!0&!6CC&O!D&%!K'62/%'K'(02!&D!B&B/C60;&(!
:16(*'#!IINL.6K)&7;6!'206)C;21'7!6!K&(;0&%;(*!)62'C;('!D&%!/(*/C60'!
2B':;'2!D&%!01'!9I9!6(7!AAI9!;(!3?+?L++!/2;(*!C;('L0%6(2':0!)62'7!
7;206(:'L26KBC;(*!K'01&72!>Q/:HC6(7!'0!6C#!+dd8l!$%6J,!A16(!'0!6C#,!
3?+3@#!E(*/C60'2!O'%'!2'C':0'7!62!06%*'0!2B':;'2!7/'!0&!01';%!;KB&%06(0!
':&C&*;:6C!%&C'2!;(!01'!7%J!D&%'20!':&2J20'K!6(7!01';%!'22'(0;6C!%&C'!;(!
0;*'%!%';(0%&7/:0;&(!;(!01'!C6(72:6B'#!E(*/C60'2!6%'!H'J!B%'J!2B':;'2!D&%!
K'7;/KL2;W'7!6(7!C6%*'!:6%(;P&%'2!6(7!D&%!2:6P'(*'%2!>c6JO6%7!'0!
6C#,! 3?+3l! A1'6%/(! 9/K!=!G&P'%;7*',! 3?+Vl!I&CD!=!-;BBC',! 3?+Vl!
-&20%&L$6%:p6!'0!6C#,!3?+Zl!46KC'%!'0!6C#,!3?3?@,!6(7!2/DD;:;'(0CJ!1;*1!
B%'J! 7'(2;0J! ;2! 6! :%;0;:6C! :&(7;0;&(! D&%! :6%(;P&%'! B'%2;20'(:'! ;(! 6!
C6(72:6B'!>-6K6H%;21(6(!'0!6C#,!+dddl!-62B1&('!'0!6C#,!3?+d@#!
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I1*"-,1*&C"0&1>&
89%01@&A,$/$,>%&8"*?-2"9.

I1*"-,1*&C"0&1>&
B7*1CB9,?7&A,$/$,>%&8"*?-2"9.

J"0+&1>&
:"+-%9*&B$",*+&K"*/+?"0%&;:BK=

!"#$%"&'(#

###)%*&'(#



E(*/C60'2! 6%'! 6C2&! ;KB&%06(0! 2''7! 7;2B'%2'%2! >.&%C'00,! +ddZl!
Q%&7;',!3??Xl!Q%&7;'!'0!6C#,!3??dl!9%;716%6!'0!6C#,!3?+V@,!6(7!C6%*'!
1'%);P&%'2!16P'!6(!;KB&%06(0!;(DC/'(:'!&(!P'*'060;&(!:&KB&2;0;&(!
6(7!&(!16);060! D'60/%'2!2/:1!62!26C0! C;:H2!6(7!O60'%1&C'2!O1;:1! ;(!
0/%(!6%'!:%;0;:6C! D&%!01'!2/%P;P6C!&D!&01'%!'(76(*'%'7!6(7!:%;0;:6CCJ!
'(76(*'%'7!O;C7C;D'!>Y1%'206(;!'0!6C#,!3?+Vl!4;(*!'0!6C#,!3?+Vl!F6K'2!
'0!6C#,!3?+Zl!A;(!'0!6C#,!3?+Z@#

M1'! /(*/C60'! 2/%P'J2! O'%'! %'B'60'7! ;(! 3?+S,! 3?+V,! 3?+Z,! 6(7!
3?3?,!J;'C7;(*!&('!&D!01'!C&(*'20L0'%K!6(7!K&20!%&)/20!/(*/C60'!
K&(;0&%;(*!76062'02!:/%%'(0CJ!6P6;C6)C'!;(!K6;(C6(7!9&/01'620!Y2;6#
!
;$:')&/<%&#)3:2')#%(

A%'2'(0! 01'! %'2/C02! &D! 01'! 7':67'! C&(*! /(*/C60'! K&(;0&%;(*!
B%&*%6KK'!;(!01'!FAG,!O;01!6!B6%0;:/C6%!D&:/2!&(!B&B/C60;&(!2060/2!
6(7!0%'(72!&D!)6(0'(*,!%'7!K/(0j6:,!6(7!O;C7!B;*l

_;2:/22!01'!:&(2'%P60;&(!;KBC;:60;&(2!&D!01'!%'2/C02!;(:C/7;(*!D&%!
2B':;'2!:&(2'%P60;&(!6(7!%':&P'%J,!6(7! 0;*'%! %';(0%&7/:0;&(! 0&! 01'!
FAG#
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2.1 Study Area

2.2 Study Species2. METHODS
M1'! 20/7J!O62! :&(7/:0'7! ;(! 01'!9I9! >8,X3d#X+!4K3,! D&%K'%CJ! 01'!
"AN@! 6(7! 01'! AAI9! >3,33U#??4K3@#! M1'2'! 0O&! 67j6:'(0! AY2! 6%'!
C&:60'7!O;01;(!01'!:'(0%'!&D!01'!FAG!0160!:&(2;202!&D!';*10!:&(0;*/&/2!
AY2#!9;^!AY2!6%'!C&:60'7!;(!F620'%(!.6K)&7;6!6(7!6%'!:&((':0'7!0&!
0O&!AY2!C&:60'7!;(![;'0!T6K!>2''!D;*/%'!+@#!__N,!7&K;(60'7!)J!91&%'6!
&)0/26!6(7!_;B0'%&:6%B/2!0/)'%:/C60/2!0%''2!>M6(;!'0!6C#,!3??Xl!A;(!
'0!6C#,!3?+8@,!K6H'2!/B!01'!K6j&%;0J!&D!D&%'20!:&P'%!;(!01'!AAI9!6(7!
9I9,!O;01!01'!%'K6;(;(*!D&%'20!:&P'%!:&(2;20;(*!&D!6!K&26;:!&D!";^'7!
_':;7/&/2! N&%'20! >"_N@! ! 6(7! ! 9'K;L'P'%*%''(bFP'%*%''(! N&%'20!
>9F$NbFN@! B60:1'2,! ;(0'%2B'%2'7!O;01! 2K6CC'%! B60:1'2! &D! )6K)&&!
D&%'20! 6(7! %;P'%;('! D&%'20#! M1'! 9F$bFN! D&%'20! B60:1'2! 6%'! 2C;*10CJ!
K&%'!6)/(76(0!;(!01'!AAI9!>38k!6(7!Uk,!%'2B':0;P'CJ@!:&KB6%'7!
0&!01'!9I9!>dk!6(7!+k,!%'2B':0;P'CJ@!>$%6J,!A&CC6%7,!'0!6C#,!3?+S@#!
M1'!:C;K60'!;2!:16%6:0'%;W'7!)J!6!7;20;(:0!7%J!2'62&(!>_':L"6J@!6(7!
6!K&(2&&(L;(DC/'(:'7!O'0!2'62&(!>R/('LT&P'K)'%@#!

9;^!/(*/C60'!2B':;'2!O'%'!01'!D&:/2!&D!01;2!20/7J<!FC7i2!7''%,!26K)6%!
7''%,!*6/%,!)6(0'(*,!%'7!K/(0j6:,!6(7!O;C7!B;*#!9/DD;:;'(0!'(:&/(0'%2!
O'%'!%':&%7'7!D&%!01'!C600'%!01%''!2B':;'2!0&!6CC&O!D&%!B&B/C60;&(!2;W'!
'20;K60;&(#!M1'!)6(0'(*!;2!6(!'(76(*'%'7!O;C7!:600C'!2B':;'2!>$6%7('%!
'0!6C#,!3?+V@!0160!;2!%'C60;P'CJ!/(7'%20/7;'7!6:%&22!K6;(C6(7!9&/01'620!
Y2;6! 6(7!O1&2'! ':&C&*;:6C! 600%;)/0'2!K6J! P6%J! 2;*(;D;:6(0CJ! 6:%&22!
;02i!%6(*'#!

M1'!)6(0'(*!6BB'6%2!'2B':;6CCJ!O'CC!676B0'7!0&!7%J!6(7!&B'(!16);0602!
;(:C/7;(*!7%J!7;B0'%&:6%B!D&%'202,!)/0!;2!6C2&!H(&O(!0&!/0;C;2'!K;^'7!
7':;7/&/2! 6(7! 'P'%*%''(! D&%'20! 0JB'2! ;(! C6(72:6B'2! :&(06;(;(*! 6!
K&26;:!&D!P'*'060;&(! 0JB'2! 2/:1!62! 01'!FAG! >A%6J/%62;771;,! +ddXl!
90';(K'0W,!3??Sl!.16((6!=!$%6J,!3?+?@#! \0!162!6!B%'D'%'! !(:'! D&%!
C&O'%! 'C'P60;&(2! >R&%()/%&K! '0! 6C#,! 3?3?@#! Q6(0'(*! ;2! 6! 0JB;:6C!
%&/*16*'!D''7'%!O;01!6!B%'7&K;(6(0CJ!*%6K;(&;7!7;'0!>Y1%'206(;!'0!
6C#,!3?+V@#!A%6J/%62;771;!>+ddX@!D&/(7!0160!K'6(!1&K'!%6(*'!2;W'!;(!
01'!O'0! 6(7! 7%J! 2'62&(!O'%'! 2;K;C6%! >8?#?qZ#UHK3! 6(7! 3V#SHK3,!
%'2B':0;P'CJ@!)/0!0160!2'62&(6C!21;D02!&D!1&K'!%6(*'!C&:60;&(2!&::/%,!
B&22;)CJ! D&CC&O;(*! D;%'! 6(7!O60'%! 6P6;C6);C;0J! B600'%(2! >.16((6!=!
$%6J,!3?+?@#!Q6(0'(*!/2/6CCJ!&::/%!;(!2K6CC!1'%72!>3L+?!;(7;P;7/6C2@,!
6C01&/*1!C6%*'%!1'%72!16P'!)''(!&)2'%P'7,!&%!62!2&C;06%J!K6C'2,!6(7!
1'%7!:&KB&2;0;&(!:16(*'2!&P'%!2'62&(2!>T&O6H,!+dddl!90';(K'0W,!
3??Sl!-61K6(!'0!6C#,!3?+d@#!M1'!C;D'!1;20&%J!&D!01'!)6(0'(*!;2!%'C60;P'CJ!
2C&O!:&KB6%'7! 0&! 01'! 2K6CC'%! %'7!K/(0j6:! 6(7!O;C7!B;*#!Q6(0'(*!
%'6:1! 2'^/6C!K60/%;0J!60!3LS!J'6%2!&C7,!O;01!6!*'2060;&(!B'%;&7!&D!
d#UL+?! K&(012! /2/6CCJ! B%&7/:;(*! 6! 2;(*C'! :6CD! >.&BC6(7,! +dXSl!
.1&n/'(0,!+dd8l!-61K6(!'0!6C#,!3?+d@#!

I1;C20! 01'!%'7!K/(0j6:! ;2! C;20'7!62! C'620!:&(:'%(! ;(! 01'! \E.T!-'7!
G;20,!K6(J!B&B/C60;&(2!6%'!7':C;(;(*!;(!9&/01'620!Y2;6!>M;KK;(2!'0!
6C#,!3?+V@#!M1;2!2B':;'2!:6(!)'!:&(2;7'%'7!6!16);060!*'('%6C;20!62! ;0!
&::/%2! ;(!6!O;7'!P6%;'0J!&D! D&%'20! 0JB'2,!*%622C6(72,!6(7!:%&BC6(72!
>G6;7C6O,!3???l!Q6C;!'0!6C#,!3??Xl!-61K6(!'0!6C#,!3?+X@#!M1'J!16P'!
2K6CC!>r+HK3@!1&K'!%6(*'2!6(7!21&O!6!%'C60;P'CJ!1;*1!C'P'C!&D!2;0'!
D;7'C;0J!>]77'(!=!I'**',!3??X@#!-'7!K/(0j6:!6%'!K;^'7!D''7'%2!0160!
D&%6*'!&(!)%&O2'!6(7!*%622'2!6(7!2'C':0!D&%!C'6D!6(7!D%/;0!K60'%;6C2!
O;01!C&O!D;)%'!:&(0'(0!>Q%&7;',!3??Xl!Y1%'206(;!'0!6C#,!3?+Vl!9%;716%6!
'0!6C#,!3?+V@#!M1'J!6%'! C6%*'CJ!2&C;06%J!6C01&/*1!)%''7;(*!B6;%2!6(7!
D'K6C'2!O;01!&DD2B%;(*!16P'!)''(!D&/(7!0&!622&:;60'!>Q6%%'00',!+dXXl!
]77'(!=!I'**',!3??X@#!-'7!K/(0j6:!16P'!6!%'C60;P'CJ!D620!C;D'!1;20&%J,!
%'6:1;(*!01'!6*'!&D!D;%20!D6O(;(*!60!+SL+Z!K&(012!6(7!16P;(*!6!
*'2060;&(!B'%;&7!&D!VLX!K&(01!;(!:6B0;P;0J!>A/7j;%616j/!'0!6C#,!3?+Ul!
N6%/H!";6W;!'0!6C#,!3?+V@#!

N,529%&'D&!7%&:"+-%9*&B$",*+&K"*/+?"0%&;:BK=&BL&?1C0$%O&,*?$2/%+&-7%&
89%01@&A,$/$,>%&8"*?-2"9.&"*/&-7%&B7*1C&B9,?7&A,$/$,>%&8"*?-2"9.4&>129&
1-7%9&BL+&,*&P"C#1/,"4&"*/&-61&BL+&,*&Q,%-&R"CH
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Mr. Nurth Thurt, community research ranger, using a range �nder to measure the distance to an animal © Ravy Sophearoth / WWF-Cambodia

Data from the 2010 and 2011 surveys were combined to produce a single estimate for each Wildlife Sanctuary and for each ungulate species, this will be referenced 
as a single “2010-11” survey in the remainder of the documents

2.3 Survey Design

M1'!)62'C;('!2/%P'J!;(!3?+?L++!D&CC&O'7!6!26KBC;(*!7'2;*(!&D!P'%0;:6C!
0%6(2':02! O;01! 6! %6(7&K! 206%0;(*! B&;(0! /2;(*! 01'! 2/%P'J! 7'2;*(!
'(*;('! ;(! _\9MYT.F! V#?! >M1&K62! '0! 6C#,! 3?+?@#! M1;2! 7'2;*(!
;(:&%B&%60'7!6!K;(;K/K!7;206(:'!&D!U??K!)'0O''(!0%6(2':0!C;('2,!
7;20%;)/0'7!6:%&22! 01'!20/7J!6%'6,! 0&06CC;(*!S?!0%6(2':0! C;('2! ;(! 01'!
AAI9,!6(7!S?!0%6(2':02!;(!01'!9I9!>D;*/%'!3@#!M%6(2':0!C;('2!2;0/60'7!
O;01;(! F:&(&K;:! G6(7! .&(:'22;&(2! >FG.2@,! %/))'%! BC6(060;&(2,!
P;CC6*'2,! &%! 6*%;:/C0/%6C! :&(:'22;&(2! O'%'! '^:C/7'7! 6(7! 01'%'D&%'!
&(CJ!88L8S!0%6(2':02!;(!01'!AAI9!6(7!8Z!0%6(2':02!;(!01'!9I9!O'%'!
2/%P'J'7! ;(! 01'!3?+?L++!6(7!3?+S! 2/%P'J2#!M1'! 2/%P'J!6%'6! ;(! 01'!
AAI9!:&P'%'7!+,VX?HK3!6(7!'^:C/7'7!6!3HK!)/DD'%!6%&/(7!P;CC6*'!
:'(0%'2!6(7!6!U??K!)/DD'%!6C&(*!B'%K6('(0!%;P'%2!>$%6J,!A16(,!'0!
6C#,! 3?+3@#! M%6(2':0! C;('2! 0160! &P'%C6BB'7! &%!O'%'! C'22! 016(! U??K!
6B6%0!O'%'!'^:C/7'7!D%&K!01'!3?+S!2/%P'J2#!M1'!7'2;*(!%'K6;('7!01'!
26K'!&P'%!01'!3?+?!6(7!3?++!2/%P'J!J'6%2!O;01!01'!'^:'B0;&(!0160!01'!
6P'%6*'! 0%6(2':0! C'(*01! O62! '^0'(7'7! )J! 6BB%&^;K60'CJ! +#+HK! ;(!
3?++!>8#S@!:&KB6%'7!0&!3?+?!>3#8@!>06)C'!3@#!\(!01'!9I9,!6!:&%'!6%'6!
&D!+,X8VHK3,!'^:C/7;(*!U??K!)/DD'%!W&('2!6C&(*!01'!K6;(!%;P'%2!0&!
6CC&O!26D'!6(7!:&(0;(/&/2!6::'22!0&!01'!0%6(2':0!C;('2,!O62!2/%P'J'7!
;(!3?+?#!\(!3?++,!6!2/)L6%'6!O;01;(!01;2!:&%'!6%'6!:&(2;20;(*!&D!SV?HK3!!

O62!2/%P'J'7,!O;01!01'!6;K!&D!B%&7/:;(*!H'J!0;*'%!B%'J!2B':;'2!7'(2;0J!
'20;K60'2! ;(! 6(! 6%'6! 0160!O62! 60! 01'! 0;K'! :&(2;7'%'7! hC;H'CJ! 0&! )'!
7'2;*(60'7! 62! 6(! ;(P;&C60'! 0;*'%! %':&P'%J! W&('i! >$%6J,! A16(! '0! 6C#,!
3?+3@#!!

M1'!O;C7!B;*!;2!6C2&!C;20'7!62!C'620!:&(:'%(!;(!01'!\E.T!-'7!G;20!6(7!
;2!O;7'2B%'67!6(7!:&KK&(!6:%&22!K&20!&D!F/%&B'!6(7!Y2;6!>4'/C;(*!
=! G'/2,! 3?+d@#! \0! ;2! 6! 0%/'! 16);060! *'('%6C;20! 6(7! :&(2;7'%'7! 6!
%'2;C;'(0!2B':;'2!O;01!6!1;*1!C'P'C!&D!0&C'%6(:'!0&!7;20/%)6(:'!>YCCO;(!
=! 9O6K;(6016(,! 3?+Vl! 9%;716%6! '0! 6C#,! 3?+Vl! A1/K6(''! '0! 6C#,!
3?3?@#!I;C7!B;*2!16P'!1&K'!%6(*'2!&D!VL8S!HK3,!01'J!6%'!&K(;P&%&/2!
O;01! 6! 1;*1! 7'*%''! &D! 7;'06%J! DC'^;);C;0J,! 6C01&/*1! 01';%! 7;'0! &D0'(!
;(:C/7'2! D%/;02,! 6(7! O;C7! B;*2! K6J! 0%6P'C! 2;*(;D;:6(0! 7;206(:'2! 0&!
D&CC&O!B'%;&7;:!K620!D%/;0;(*!'P'(02!>.6C'J,!+ddXl!./%%6(!=!G';*10&(,!
3???l!Q6CC6%;!=!Q6%%;&2L$6%:p6,!3?+Sl!9%;716%6!'0!6C#,!3?+V@#!I;C7!
B;*2!6%'!*%'*6%;&/2,!6C01&/*1!2&C;06%J!K6C'2!&::/%,!6(7!C;P'!;(!1'%72!
0160!P6%J!;(!2;W'!6::&%7;(*!0&!2'62&(!6(7!C&:6C;0J#!I;C7!B;*2!16P'!6!
2'62&(6C! )/0! 1;*1! %'B%&7/:0;P'! &/0B/0! O1;:1! P6%;'2! 6:%&22!
*'&*%6B1;:!%'*;&(2!6(7!O;01!6P6;C6)C'!%'2&/%:'2!>.1&n/'(&0!'0!6C#,!
+ddVl!Q;')'%!=!-/D,!3??Ul!4'/C;(*!=!G'/2,!3?+d@#

G;('!0%6(2':0!2/%P'J2!/2;(*!6!7;206(:'L26KBC;(*!2060;20;:6C!D%6K'O&%H!
>Q/:HC6(7!'0! 6C#! +dd8@!O62! 01'!K'01&7!/2'7! ;(! 01'!7%J! 2'62&(2!&D!
3?+?!6(7!3?++!0&!'20;K60'!/(*/C60'!B&B/C60;&(!7'(2;0;'2,!O1;:1!01'(!
D&%K'7! 01'! K&(;0&%;(*! )62'C;('! D&%! /(*/C60'2! ;(! 01'! FAG! >$%6J,!
A16(,! '0! 6C#,! 3?+3@#! 9/)2'n/'(0CJ,! C;('! 0%6(2':0! 2/%P'J2! O'%'!
:&(7/:0'7!'P'%J!0O&!J'6%2!206%0;(*!;(!3?+S,!O;01!:&KB6%60;P'CJ!C6%*'!
2/%P'J!'DD&%02!;(!3?+V,!3?+Z,!6(7!3?3?!>06)C'!3@#

!"#$%&F&D&829E%.&%>>19-&"*/&9%$"-%/&/%-",$+&1>&2*52$"-%&0102$"-,1*&C1*,-19,*5&
?1*/2?-%/& 2+,*5& /,+-"*?%D+"C0$,*5& #"+%/& $,*%& -9"*+%?-& +29E%.+& ,*& -7%&
B7*1C&B9,?7&A,$/$,>%&8"*?-2"9.&"*/&-7%&89%01@&A,$/$,>%&8"*?-2"9.H&)"-"&
>91C&-7%&FG'G&"*/&FG''&+29E%.+&6%9%&?1C#,*%/&-1&091/2?%&"&+,*5$%&%+-,C"-%&
>19& %"?7& A,$/$,>%& 8"*?-2"9.& "*/& >19& %"?7& 2*52$"-%& +0%?,%+4& -7,+& 6,$$& #%&
9%>%9%*?%/&"+&"&+,*5$%&SFG'GD''T&+29E%.&,*&-7%&9%C",*/%9&1>&-7%&/1?2C%*-+
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!"#$%&'()"*%&)(+,'-%)*,%).%/+,%)*01%/2)%0)('0%2)3,*%/)%#,"4,%'#%()335*6/1%",#,'"(+%"'*7,"#%6*%/+,%
8'#/,"*%90'6*#%:'*;#('<,$%=%>'41%&)<+,'")/+%?%@@ABC'3D);6'25 26

9B':;'2L2B':;D;:!'(:&/(0'%!%60'2!;(!01'!3?+?!6(7!3?++!2/%P'J2!
O'%'!:&K);('7!;(!01'!7606!6(6CJ2;2,!01/2!;KB%&P;(*!01'!*C&)6C!
7'0':0;&(!D/(:0;&(!D&%!01'!AAI9!6(7!9I9#!Y%'6L2B':;D;:!6(6CJ2'2!
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3.1 Encounter Rates

3.2 Population Density and Size

3. RESULTS
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3.3 Prey Biomass

3.4 Poaching in the PPWS and SWS

Srepok river ©
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1. Based on the characteristic of preferred tiger prey and observed species composition of tiger diets (Avinandan et al., 
2008; Hayward et al., 2012; Simcharoen et al., 2014), it cannot be expected that wild pig would form the majority of tiger 
prey biomass, and thus the table likely represents an overestimate of  ecologically plausible prey availability.
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The tiger prey biomass density (wild pig and banteng combined1) is 
currently slightly higher in PPWS (124.3Kg/Km2), compared to SWS 
(107.5 Kg/Km2), whereas in 2010-11 the tiger prey biomass density 
was lower in PPWS (224.7 Kg/Km2), compared to SWS (386.6 
Kg/Km2) (Table 4). On average, the area-weighted mean prey 
biomass density decreased by 62.3% over the past decade, and the 
proportional representation of wild pig total biomass increased from 
18.3% to 43.0% in SWS, and from 15.7% to 33.0% in PPWS.

On average, 1,786 and 1,075 lethal traps have been removed 
per year between 2013 and 2019 in SWS and PPWS, respec-
tively, totalling 20,026 traps over this time period for both 
PAs combined. In addition, electrified wires used to kill 
animals have been recorded and removed in the SWS since 
2013, and in the PPWS since 2017. Between 2013 and 2019, 
3,716 meters of electrified wire were removed from the SWS, 
and in 2017 to 2019, 1,421 meters from PPWS (Annex 4).

The detection rate of lethal wildlife traps, including snares (defined as 
nooses made of twisted cables, metal wires, or ropes, with one end 
anchored to the ground or tied to a plant or pole), demonstrated a 
steep increasing trend of poaching effort between 2010 and 2016 
(Figure 6). Results from both PAs highlight a peak in trap detection 
rates in 2016, followed by subsequent annual fluctuations in drops 
and peaks in the period 2017-2019. On average the detection rate 
and absolute number of lethal traps are much lower in the first half 
of the decade compared to the second half.

The number of lethal traps removed, corrected for patrol effort, were 
similar across both PAs until 2015, whereas in 2016-2018 more traps 
were recorded and removed per unit patrolled distance in PPWS 
compared to SWS. Absolute snare numbers rose faster in SWS 
compared to PPWS, and with the exception of 2017, there are consistently 
more snares encountered in SWS compared to PPWS (mean 
difference 141%, range 42%-283%).

Table 4- Biomass density of tiger prey species in Srepok Wildlife Sanctuary and 
Phnom Prich Wildlife Sanctuary based on the most recent (2020) density estimates 
compared to the estimates in 2010-11. average body weights of banteng (287kg), and 
wild pig (37kg) are extracted from Simcharoen et al., (2018).

Figure 6- Absolute numbers of snares or such lethal traps encountered and 
removed on annual basis (bars) and traps removed per 100Km patrolled on 
foot and motorcycle (lines) by protected area rangers in Phnom Prich 
Wildlife Sanctuary (blue) and Srepok Wildlife Sanctuary (orange)between 
2010 and 2019, based on WWF-Cambodia’s MIST and SMART data. For 
PPWS, there exists a data gap in 2017 due to a temporary absence of SMART 
reporting in this year.



4.1 Ungulate Population Status and Trends
4. DISCUSSION
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4.2 Prey Biomass for Tiger Reintroduction
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4.3 Declines in the Largest Remaining Banteng Population
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4.5 Limitations of the Estimation Methods
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4.6 Management Recommendations
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ANNEX 1: FORMULAS FOR AREA-WEIGHTED 
                    DENSITY CALCULATIONS

ANNEX 2: UNGULATE ENCOUNTER RATES
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ANNEX 3: DENSITY AND POPULATION ESTIMATES 
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 ANNEX 4: MIST AND SMART PATROLLING DATA OF PPWS 
                     AND SWS IN 2010-2019
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ANNEX 5: DENSITY ESTIMATES OF UNGULATE (TIGER PREY) 
                    SPECIES FROM DISTANCE-SAMPLING BASED LINE 
                    TRANSECT SURVEYS IN SOUTH AND SOUTHEAST ASIAN 
                    TIGER RANGE COUNTRIES

83 84



ANNEX 6: LIST OF FIELD ASSISTANTS ON LINE TRANSECT 
                    TEAMS IN 2014, 2016, 2018, AND 2020
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