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��ចក�ីស���ប
តំបន់�����ស�ពខ�ង់�ប�គ�ង�ើត (EPL) ������សកម��� និង�គក���ល�� 
����ស�ៀត�ម គឺ�តំបន់������ះដ៏ធំមួយ��ល�ន����សសល់��ក��ងតំបន់ 
��លកំពុងរង�រគ���មកំ��ង���ងធ�ន់ធ�រ។ តំបន់��ះ����ង់����ទសត�កំពុងរង���ះ 
���ក់���ើន��ក��ងសកល��ករួម�ន សត�ទ���ង(Bos javanicus) ��ល�ន  
ចំនួន��ើន�ង�� ����ទសត���យ៉ង និងសត����ត��ល�����ទរង���ះ���ក់ជិត
ផុតពូជបំផុត ដំរ��សីុ (Elephas maximus) ��ល�នចំនួន��ើន�ង����ក��ង����ស 
កម��� សត����ើភ�ំ (Crocodylus siamensis) ��ល�នចំនួនចុង���យ��ក��ង 
����ស និងសត����រខិន (Panthera pardus delacouri) ��ល�នចំនួន��ស 
សល់��ក��ងតំបន់ឥណ��ចិន��មួយគត់។

លទ�ផល
�ម�រសិក��រ�ង���២ំ០១០-១១ �ន���ន់���ណ�តំបន់�����ស�ពខ�ង់�ប�ង�ើត 
�ទីជ��ក��សត�ទ���ង��ើន�ង��ក��ងពិភព��ក ��ល�នចំ���ណ១,៩១១ក��ល 
[�នត���ច���ះ ៨៧០- ២,៩៥២ក��ល(ក��ិត�ឿ�ក់ ៩៥%)] ��ក��ង��នជ��ក 
សត�������ពក និង�នចំនួន���ណ១,១០២ក��ល [�នត���ច���ះពី៦០២- 
២០១៨ក��ល(ក��ិត�ឿ��ៀ៩៥%)] ��ក��ង��នជ��កសត����ភ�ំ���ច។ 
��ក��ង��� ំ២០២០ ចំនួនសត�ទ���ង៧២% �ន���ក់ចុះ �ើ�ៀប��នឹង ចំនួន 
���ន់���ណ�����២ំ០១០-២០១១។ ចំនួន���ន់���ណដង់សីុ����សត�ឈ��សក៏ 
���ក់ចុះ��រ�����ំ២០២០��ះ �ើ��ៀប�ៀប��នឹង���ំ២០១០-២០១១។ �ន�� 
សត����ក�����ប៉ុ���ះ��លចំនួនដង់សុី��របស់�មិន���ក់ចុះ បុ៉����នប���ញពី�រ 
ប���ប���ល��ចំនួនរបស់����ម��ល���ស���ប់��នជ��កសត�����ំងពីរ។ 
�����២ំ០២០ដង់សីុ���� ���ក����ប�ងដង់សីុ����ត���មូល���ន����នជ��ក 
សត�������ពក បុ៉����នត������ក់����ល�����ក��ង ��នជ��កសត����ភ�ំ���ច 
(��ងទី១)។

�រ�ម�នពពួកសត���ចក�ើងចំ�ម��ក��ង តំបន់�����ស�ពខ�ង់�ប�ង�ើតក��ង
រយៈ��លមួយទសវត��រ� និង�រ���ន់���ណចំនួនសត���� គឺ�ន�រៈសំ�ន់�ស់ក��ង 
�រ�យត���ពីផលប៉ះ�ល់��ក���គំ�មកំ��ង���ើសត���� �ំ��នូវ�រស���ចចិត� 
��យ���ក���ើមូល���ន���រអភិរក�� និង��សិទ��ព���រ��ប់��ងតំបន់�រ�រ។ 
��ក��ង��នជ��កសត����ភ��ំ��ច និង���ពក(PPWS និង SWS) ��ល�នទី�ំង 
ស�ិត��ចំក���ល��តំបន់�����ស�ពខ�ង់�ប�ង�ើត�នអនុវត�កម�វ�ធី�ម�ន 
ពពួកសត��ន��ចក�ើងចំ�មក��ងកំ��ង��លមួយទសវត��រ� (២០១០- ២០២០) 
��លលទ�ផលនឹងប���ញ��ក��ងរ�យ�រណ៍��ះ។ ��យ��ើវ�ធី�����ើរប���ត់��ង់ 
(Distance-sampling) �ើង�ច�យត������ើបច��ប��ន��ព��ចំនួន���ន់���ណ 
សរុប និងប���ប���លចំនួន��សត�ទ���ង(Bos javanicus) ឈ��ស(Muntiacus 
vaginalis) និង���ក���(Sus scrofa) ��លសុទ�សឹង�����ទរ��រស���ប់ពពួក 
មំ�សី��ក��ងតំបន់��ស�ព��ះ។  
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អ������រអ���ត����ទសត��ន��ចកចំ�មដូច�រ�ំង (Rucervus eldii)  ខ�ីង 
(Bos gaurus) និង��ើស (Rusa unicolor) �នត����ប�ស់ (�ប់ពីសូន�� 
រហូតដល់៥ក��លក��ងមួយ�រអ���ត) ��លចំនួនតិចតួច��ះកំពុងរង�រគ���ម 
កំ��ង���ង���ំង។

ដង់សុី����ពពួកសត���ចកចំ�ម��ក��ង��នជ��កសត�������ពក និងភ�ំ���ច 
�នត����ប���ំង�ៀប��នឹងដង់សុី����ក��ងតំបន់�សុី�ងត���ង��លប���ញ� 
ចំនួនរបស់�កំពុង���ក់ចុះ��� ំង��តំបន់�����ស�ពខ�ង់�ប�ង�ើត។ 
�រ�យត������ើជីវ���ស់��ចំណីរបស់សត����ធំគឺ១១៥.៧គ.��/គ.ម២��ក��ង���ំ 
២០២០ គឺតិច�ង៥%���រ�យត���ជីវ���ស់��ចំណី���ធំ��ក��ងតំបន់�សីុ����យ៍  
(��នជ��កសត���� ហួ���ង ������ស�� (Simcharoen et al., 2014))។

��ងទី១–ដង់សុី�� និងចំនួនសរុប (±ក��ិតលំ�ៀង) ចំ��ះ����ទសត��ន��ចកចំ�មបី����ទ��
ក��ង��នជ��កសត�������ពក និងភ�ំ���ច�ន���ន់���ណពី�រសិក����យ��ើវ�ធី�ើរប���ត់��ង់(���ដី-
ដងសីុ់����ល�ន��ើស���ប់សិក�����២ំ០១០-១១ �ន���ន់���ណដង់សីុ����តំបន់ស��ល��ក��ង��ន
ជ��កសត�������ពក) និង�រប���ប���លដង់សុី��រ�ងទិន�ន័យមូល���ន និងទិន�ន័យទទួល�នចុង 
���យ��ល�នក��ិត (p-value)។

ទ���ង

ឈ��ស

���ក���
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�រ�ើន�ើង��ក���គំ�មកំ��ង �រសន�ិ���ន
��វត�ិ������តំបន់�����ស�ពខ�ង់�ប�ង�ើត �តំបន់មួយសំបូរ����យ 
ពពួកសត���ចកចំ�មធំៗ���ើន��ល����ង់��ដល់ពពួកមំ�សី��ក��ងតំបន់។  
��យ�រ�នជ���ះ���ប់�វុធ���ើនទសវត��រ���ក��ង����ស���ប់�មួយនឹង
�របរ�ញ់ខុសច��ប់�នប���លឲ���ន�រ�ត់បង់ថនិកសត�ធំៗ��ក��ង��នជ��ក
មួយចំនួនរបស់ពួក� (Loucks et al., 2009) និងប���លឲ��ផុតពូជ����ទមួយចំនួន 
ដូច� ����� (Bos sauveli) និងសត����ធំ (Panthera tigris)ពី���ធម��តិ��ើម។ 
�បច��ប��ន���ះវ�បត�ិ���របរ�ញ់ និង�រ�ក់អ���ក់ �ើត�ើង�ស��ញក��ងតំបន់ 
ឥណ��ចិន។ រ�ឯ��តំបន់�����ស�ពខ�ង់�ប�ង�ើត������សកម��� �ននិងកំពុង
ទទួលរងស���ធ���ង���ងំ��យ�រ�របរ�ញ់��ក��ងមួយទសវត��រ�ចុង���យ��ះ។
��ក��ងកំ��ង��ល���រ�ម�នច���ះពី���ំ២០១០-២០២០ អ������រ��មូល 
អ���ក់�ន�រ�ើន�ើងពី០.០៤  /១០០គម�����២ំ០១០ �� ៦.៤៦/១០០គម�� 
���២ំ០២០  ��ល���វ�ន��មូល��យ��មុល��ត��ម���ឧីទ��នុរក����យ��ើ�ើង និង 
ម៉ូតូ។ បច��ប��ន���ះ�ន�រ�ើន�ើង��វ�ធី�������រ�ក់អ���ក់���ើនរួម�ន 
�រ�ក់អ���ក់��យអង�ប់ និងអ���ក់��យ������ើងអគ�ិសនី�ើម��ីស���ប់សត�។

�រ�ើន�ើង���របរ�ញ់សត���� គឺ�ក���ចម��ងប���លមកពី�រជួញដូរសត���� 
និង�រ�ើន�ើងត���វ�រ�ច់សត���� បំ��ក����ងៗ��សត���� និងផលិតផលផលិត 
ពីសត������ក��ង����សកម��� និង�រ�ំ��ញ������ស�ៀត�ម។ ���ពី�របរ�ញ់  
ក���គំ�មកំ��ង����ង�ៀតដល់ពពួកសត���ចកចំ�ម��ះរួម�ន �ររុក�នដី���  
�របំ���ងដី���និង�ពរ�ចរ���ន����ើ �រជួញដូរ�ើខុសច��ប់ �ររ�កច��ើន�� 
��ដ�កិច�សង�ម និង�រ�ើន�ើង��គម�គមន៍ចូលក��ងតំបន់����ច់���ល
��យ�រ�រក�ងផ��វថ�ល់។ 

● បច��ប��ន���ះ ជីវ���ស់ចំណីរបស់សត����ធំ��ក��ងតំបន់�����ស�ពខ�ង់�ប�ង�ើត 
គ�ឺនក��តិ�ប និង���វ�រ��ំ�ច់នូវ "�រ���ន�របរ�ញ់" ��ក��ងរយៈ��លមួយ 
ទសវត��រ� �ើម��ី���រនូវចំនួន��ចំណីសត������ក��ងក��ិតមួយ�ច��ៀប�ៀប�មួយ 
នឹងតំបន់��ក��ង����ស����ល���ភព�នចំនួនសត����ធំ��ប់���ន់។

● សត�រ�ំង ��ើស និងខ�ីង�នវត��ន����សសល់តិចតួច និង��ង���កពី���។ 
�រ���ក់ចុះ���ង���ំង��ចំនួនសត�ទ���ង និងឈ��ស គឺ��រ���យ�រម����ង���ំង 
��យ�រ����ទ�ំង��ះ�ើរតួ���ងសំ�ន់��ក��ង��ព័ន���កូ��សុី���រ��ះ។   
 

● ក���គំ�មកំ��ង��យ�រ�របរ�ញ់ �ពិ��សទ��ង់���រ�ក់អ���ក់��
��ក��ង��នជ��កសត�����ំងពីរ គឺប���ញ��រ��ប់��ងតំបន់�រ�រ និង�រអនុវត�
ច��ប់បច��ប��ន����នក��ិត���ើយ។ 

● ត���វ�រ�ប���ន់នូវ��ន�រយុទ�����ស���ប់�រអភិរក�����ងតឹងរ�ង និងកម�វ�ធី 
���រពពួកសត���ចកចំ�ម��ល�ក់�ក់មួយ �ើម��ីប���សនូវ�រ���ក់ចុះ�� 
����ទ�ំង��ះ។

សត�រ�ំង 

��ើស 

ខ�ីង
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អនុ�សន៍ស���ប់�រ��ប់��ង 

● �រប��ើតកម�វ�ធី���រពូជពពួក����ទសត��ន��ចកជំ�ម និង�រ��ើស��សតំបន់ 
���រសត�����ើងវ�ញ ‘Wildlife Recovery Zone’ (WRZ) ��ក��ងតំបន់�រ�រ   
និងរួមប���ល�ំង�រប���ត់ពូជផង��រ។ �រ���រពូជពពួកសត��ន��ចកជំ�ម�� 
ក��ងតំបន់ WRZs គួរ���រប��ើនចំនួន���ប���ត់ពូជ �រ���តពិនិត��ជំងឺ �របំប៉នចំណី 
��រ ត���វ�រទឹក និង�រ�ស់��ងពី�រ��ប់��ង��ទីជ��ក��។ 
 
● �រទប់���ត់ពី�របរ�ញ់សត���� ��យ�រប��ើន�រល��ត �របំ�ក់បំប៉នឲ���ន 
��ប់���ន់ដល់ម���ឧីទ��នុរក����ក��ង��នជ��កសត�����ំងពីរ, ���ប់�មួយ�រប��ើត 
សហគមន៍ល��ត ��សិទ��ពល��តនិងបំ�ក់ឧបករណ៍ប���កវ�ទ�� ដូច���ព័ន����ត- 
ពិនិត����យយន���ះ��ូន។ WRZs ���វ�រ�រ�រ��ក��ងក��ិតខ�ស់រួម�ន��ព័ន� 
ស���ឲ��ដឹង�មុននិង�រល��តជុំវ�ញ�ញឹក�ប់។  �រល��ត�ំង��ះ���វ��ើ�ើង  
��យ�រអ���ត��យយកចិត�ទុក�ក់ និង�រផ������ស��ើម។ ��សិទ��ព���រ 
�រ�រ WRZs និង��នជ��ក���វ�រ��ភព��ធន�នច��ស់�ស់។

● �រព��ឹង�រអនុវត�ច��ប់���ើបទ��ើស�រជួញដូរសត������ក��ង 
ប���ល��ត��៉�កខ�ង់�ប�ង�ើតនិង�ពិ��ស���មប���យ���ំ�ន��ល
��ើស���ប់�រផ�ត់ផ�ង់ និងត���វ�រពី����ស�ៀត�ម។

● �រសិក��ពីអ�ក��ើ���ស់ និងត���វ�រចំ��ះ�ច់សត���� និងផលិផល 
សត���� ស���ប់�រប��ើតនូវ��ន�រយុទ�����ដ៏�ន��សិទ��ពស���ប់ 
���ស់ប��រសង�ម និង�កប��កិរ��ក��ង��លបំណង�ត់បន�យ�របរ��ច់ 
សត����ក��ងរយៈ��ល��ង។

● បន��រសិក��ពីបំ��បំរួលចំនួនសត�និង�រ���ន់���ណចំនួនពពួកសត��ន 
��ចកជំ�ម��ល�����ទស���ប់�រ�ម�ន�ំង��ក��ងនិង��� WRZs ។ 
ប���មពី��ះ�រ�ម�នអំពីក���គ���មកំ��ងសំ�ន់ៗ និង��សិទ��ព�� 
យន��រ�រអភិរក�� គឺ�ន�រៈសំ�ន់ក��ងផ�ល់ព័ត៌�ន�ន់��ល��� និង�រ 
��ប់��ង។

● វត��នរបស់សត�រ�ំងនិងទ���ង��ក��ងតំបន់��ស�ពខ�ង់�ប�ង�ើត គឺ�ត��� 
អភិរក��ដ៏ពិ��សវ��លមួយ��យ�រ���ន�ពកំពុងរង���ះ���ក់របស់ពួក� ក៏ដូច� 
�រៈសំ�ន់ស���ប់�����ទរ��ររបស់���ធំ����ល�ើង��ើ�រ���រពូជនិង����ង
��ក��ងធម��តិវ�ញ។ �ើម��ីប���ស�រផុតពូជ������ទ�ំង��ះ��ល�គន�ង������ទ 
����� និង���ធំ �ើង���វ�រយន��រ��ប់��ង���ង�ន��សិទ��ព�ប���ន់ដូច�៖

�រផ�ល់អនុ�សន៍ស���ប់�រ��ប់��ង និងផ�ល់ដំ��ះ���យ គឺ�ន�រៈសំ�ន់ 
ក��ង�រ���រ���ដ៏ធំ��ង��ក��ង តំបន់��ស�ពខ�ង់�ប�ង�ើត��ល���ប់�ន����ទ
ថនិកសត����ើន����ទ។ ធន�ន�ំង��ះនឹងផ�ល់មកវ�ញនូវ��ដ�កិច�សង�មនិរន�រ�ព 
ស���ប់សហគមន៍មូល���ន អ�ក�ក់ព័ន� និងរ���ភិ�ល���ក់���ម�តិនិង���ក់�តិ។ 
តំបន់��ស�ពដ៏វ���សវ��ល��ះ�ននឹងកំពុងជួបក���គំ�មកំ��ង��ក��ងក��ិត
មួយ���វ�រ�រ�រ ���រ�ើងវ�ញ�ប���ន់ និង��ទិ�ព។
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EXECUTIVE SUMMARY  
The Eastern Plains Landscape (EPL) in Eastern Cambodia and central 
Viet Nam comprises one of the largest remaining expanses of lowland 
Deciduous Dipterocarp Forest, a type of forest that is severely 
threatened. The EPL harbours globally significant populations of 
endangered wildlife, including the largest population of wild banteng 
(Bos javanicus) in its native range, critically endangered ibis and 
vulture species, Cambodia’s largest population of Asian elephants 
(Elephas maximus), one of the last Siamese crocodile populations 
(Crocodylus siamensis), and the only remaining Indochinese leopard 
population (Panthera pardus delacouri) in Indochina.

A Decade of Ungulate Monitoring in the Eastern Plains Landscape 
Robust monitoring of wildlife populations is critical to assess the 
impacts of threats to wildlife, to support evidence-based conservation 
decision-making, and for effective protected area management. In 
the Phnom Prich and Srepok Wildlife Sanctuaries (PPWS and SWS, 
respectively), located in the heart of the EPL, a long-term ungulate 
monitoring programme is being implemented, the results of the first 
ten-year period (2010-2020) of which are presented in this report. 
Using a standardized distance-sampling statistical framework, this 
programme assessed the population status and trends for banteng, 
northern red muntjac (Muntiacus vaginalis) hereinafter referred to 
as red muntjac, and Eurasian wild pig (Sus scrofa), all are important 
prey species for the diverse assemblage of large carnivores in the 
landscape. 

The ungulate densities in SWS and PPWS are much lower compared 
to ecologically similar landscapes in South Asia, suggesting that the 
ungulate populations in the EPL are currently severely depleted. The 
estimated tiger prey biomass of 115.7kg/km2 in 2020 is less than 5% 
of prey biomass density in a comparable tiger site in Southeast Asia 
(Huai Kha Khaeng Wildlife Sanctuary in Thailand; (Simcharoen et 
al., 2014)).

Key Results

The 2010-11 baseline survey revealed that the EPL contained the 
largest global population of the endangered banteng in its native 
range: with an estimate of 1,911 individuals (95% CI: 870-2952) in 
SWS and 1,102 individuals (602-2,018) in PPWS. In 2020, this 
globally significant population has dramatically declined by about 
72% compared to the 2010-11 population. The population density of 
the relatively resilient red muntjac has also declined in 2020 
compared to the 2010-11 baseline. Wild pig is the only ungulate for 
which population density did not decline, but showed a fluctuating 
trend over time in both sites. In 2020, population density of the wild 
pig was lower than the baseline in SWS but similar in PPWS (Table 1).  

Encounter rates for other key ungulates: Eld's deer (Rucervus eldii), 
gaur (Bos gaurus), and sambar (Rusa unicolor), were extremely low 
(ranging from zero to five encounters per survey), suggesting that 
only small populations of these species, all of which are globally 
threatened, remain. 

Table 1– Density and population size, along with Standard Error (±SE) for 
three ungulate species in Srepok Wildlife Sanctuary and Phnom Prich 
Wildlife Sanctuary estimated from distance-sampling based line transect 
surveys (area-weighted density was used for 2010-11 to obtain density for 
the core zones of SWS), and the changes in density between the baseline and 
the latest survey year with their significance level (p-value).

Species PA Name Year Density of 
individuals/km² 
±SE

Density 95% 
CI range 

Density change in 2020 
compared to 2010-11

Population size 
± SE 

Population size 
95% CI range 

SWS core 2010-11 1.10 ± 0.31 0.50-1.72 1911 ± 531 870-2952
SWS core 2020 0.21 ± 0.10 0.09-0.53 -80.61% (p=0.003) 371 ± 177 150 - 918
PPWS 2010-11 0.66 ± 0.20 0.36-1.21 1102 ± 341 602-2018 
PPWS 2020 0.29 ± 0.14 0.11-0.74 -55.99% (p=0.069) 485 ± 238 191 - 1230
SWS core 2010-11 2.56 ± 0.24 2.09-3.06 4453 ± 424 3623-5283
SWS core 2020 0.82 ± 0.16 0.55-1.22 -67.99% (p=8.000E-10) 1425 ± 284 962-2112
PPWS 2010-11 1.52 ± 0.29 1.04-2.22 2543 ± 478 1744-3708 
PPWS 2020 1.15 ± 0.15 0.89-1.50 -24.3% (p=0.127) 1925 ± 256 1480-2504
SWS core 2010-11 1.91 ± 0.42 1.08-2.77 3314 ± 738 1398-4330
SWS core 2020 1.25 ± 0.26 0.84-1.87 -34.56% (p=0.092) 2169 ± 443 1451-3240
PPWS 2010-11 0.95 ± 0.29 0.53-1.71 1595 ± 479 891-2855
PPWS 2020 1.11 ± 0.26 0.70-1.75 15.9% (p=0.347) 1848 ± 431 1170-2919

Banteng

Red 
muntjac

Wild pig

Wild pig

Banteng

Red Muntjac
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Increasing Trend in Threats
Historically, the EPL contained vast aggregations of large ungulate 
species that supported a variety of large carnivores. Decades of 
armed civil conflict paired with illegal hunting led to significant 
reductions of most large mammal populations across their range 
(Loucks et al., 2009) and resulted in the likely extinction of species 
such as the kouprey (Bos sauveli) and local extirpation of the tiger 
(Panthera tigris). More recently, an unprecedented poaching and 
snaring crisis is sweeping through Indochina. In the EPL of Cambodia, 
a rapid acceleration and intensification of poaching has been 
observed over the past decade. During the monitoring period 
(2010-2020), the rate at which ranger patrols on foot and motorcycle 
encountered and removed snares and other such lethal wildlife traps 
increased over a hundredfold from 0.04 traps per 100 km patrolled 
in 2010 to 6.46 in 2020. Increasingly devastating poaching methods 
such as blanket snaring, jaw traps, and live electrified wires to kill 
animals have been observed regularly in recent years.

This trend of increased poaching is primarily fuelled by the illegal 
trade in wildlife and growing demand for wild meat and other wildlife 
parts and products from within Cambodia and from across the border 
in Viet Nam. The detrimental effect of poaching on ungulates is 
further exacerbated by the impacts of illegal forest encroachment, 
and forest conversion and degradation, driven primarily by the 
illegal timber trade, rapid socio-economic growth, and increased 
access to these once remote forests due to road development.

11

Conclusions
● The precarious existence of Eld’s deer, sambar deer and gaur as 
small, spatially isolated populations, and the steep declines in 
banteng and red muntjac populations are highly concerning, as these 
species play vital ecological roles in the dry forest ecosystem. 
 
● Currently, tiger-prey biomass in the EPL is very low and it would 
take over a decade of ideal, no-poaching conditions for the prey 
populations to recover naturally to the level found in a comparable 
site in Thailand that is currently sustaining a source tiger population.

● The poaching threat, particularly in the form of snaring, in the two 
protected area sites in the EPL has grown by two orders of magnitude 
during this monitoring period, indicating that the current level of 
protected area management and law enforcement efforts are no 
longer sufficient to tackle the threats effectively. 

● More intensive conservation strategies and a comprehensive 
ungulate recovery programme are urgently required to reverse the 
population trends.

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

● Strengthening law enforcement actions on illegal wildlife trade 
(that drives poaching in the EPL) in the provinces around the EPL 
and in particular, along the border areas being used to supply the 
demand coming from Viet Nam. 

● Consumer research on demand for wild meat and other wildlife parts 
should inform the development of effective social and behaviour 
change strategies aimed at longer-term demand reduction.

● Continuing the research on population dynamics and regular 
estimations of ungulate populations are essential for monitoring 
species recovery both inside and outside of the WRZs. In addition, 
more robust monitoring of key threats and the effectiveness of 
conservation interventions are crucial to inform timely adaptive 
management.

● The Eld’s deer and banteng populations in the EPL are of 
irreplaceable conservation value due to their endangered status, and 
they would be important prey species for tigers when reintroduced. 
To prevent these species from following the same extinction path as 
the kouprey and the tiger in the EPL, it is crucial that effective 
management interventions are made immediately, including by:

13

● Initiating an ungulate recovery programme, concentrated in 
carefully selected ‘Wildlife Recovery Zone’ (WRZ) within the PAs, 
and including an integrated captive breeding component. Ungulate 
recovery in the WRZs, should be complemented by restocking, along 
with disease control, food supplementation, surface water provision 
and other intensive habitat management measures. 
 
● Strengthening protection from poaching by increasing patrolling 
efforts, putting in place adequate ranger strength in the two PAs 
alongside employing community rangers, in conjunction with 
increasing patrolling effectiveness with state-of-the art technology 
such as anti-poaching drone alert systems and artificial intelligence 
based analytics. The WRZs require particularly high levels of 
protection, including fencing with alarm systems and frequent 
perimeter patrols to stop poachers. These patrolling efforts must be 
combined with careful investigations, prosecutions and convictions 
of poachers. Effective protection of the WRZs and the larger wildlife 
sanctuary area requires dedicated and long-term commitment of 
resources.

Phnom
 Prich W

ildlife Sanctuary ©
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W
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These management recommendations and proposed interventions 
are critical for the restoration of the large and relatively intact forests 
of the EPL with the historical diverse assemblage of large mammal 
populations. This in turn will provide the natural capital for 
sustainable socio-economic opportunities for local communities, 
other stakeholders, and the provincial and national governments. 
This unique natural landscape, facing severe threats to its integrity, 
is at a tipping point, and comprehensive protection of forests and 
restoration of extirpated wildlife - a ‘rewilding of the landscape,’ is 
an urgent priority.

14



LIST OF ACRONYMS AND ABBREVIATION
AICc:   Akaike Information Criteria corrected for small sample size 
CDS:   Conventional Distance Sampling 
CI:  Confidence Interval
DDF:  Deciduous Dipterocarp Forest
EF:  Evergreen Forest
ELC:  Economic Land Concessions
EPL:  Eastern Plains Landscape
GAM:  Generalized Additive Model
GDANCP: Department of Nature Conservation and Protection of the Environment
HKKWS:  Huai Kha Khaeng Wildlife Sanctuary in Thailand
WRZ:  Wildlife Recovery Zone
IUCN:  International Union for Conservation of Nature 
KSWS:   Keo Seima Wildlife Sanctuary 
MCDS:   Multiple-Covariate Distance Sampling 
MDF:  Mixed Deciduous Forest 
MIST:  Management Information System
MoE:  Ministry of Environment 
MPF:  Mondulkiri Protected Forest (currently known as Srepok Wildlife Sanctuary)
PA:  Protected Area
PPWS:  Phnom Prich Wildlife Sanctuary
RGC:  Royal Government of Cambodia 
SE:   Standard Error 
SEF:  Semi-evergreen Forest
SMART: Spatial Monitoring and Reporting Tool 
SWS Core: An area of 1,736Km2 within SWS where line transect surveys were conducted  
                              (see figure 2)
SWS Inner Core: A sub-area in the centre of SWS-Core comprising 460km2 that was        
                               surveyed  in 2011 and 2014 (see figure 2)
SWS Outer Core: A sub-area within SWS-Core comprising 1,276km2 that together with SWS  
                              inner core (460km2) forms the entire SWS-Core (1,736km2) (see figure 2).
SWS:  Srepok Wildlife Sanctuary (formerly known as Mondulkiri Protected Forest)
USAID:  United States Agency for International Development.
WWF:  World Wide Fund for Nature (known as World Wildlife Fund in the U.S.A.)
YDNP:   Yok Don National Park
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1. INTRODUCTION
The transboundary Eastern Plains Landscape (EPL), a protected 
area (PA) complex in Eastern Cambodia, extending to Viet Nam, is 
comprised  of approximately 14,000km2 of mosaic habitat which 
forms one of the largest lowland Deciduous Dipterocarp Forest (DDF) 
remaining on earth (Wohlfart et al., 2014). While tropical dry forests 
are considered the most threatened and least effectively protected 
major forest type globally (Janzen, 1988; Hoekstra et al., 2004), a 
relatively large area (~23,000km2/~35%) of the Cambodian DDF 
remains relatively intact and lies within the boundaries of officially 
protected areas (Pin et al., 2013; Wohlfart et al., 2014). These vast 
forests are located in a major hotspot for evolutionary history and 
biodiversity: ‘the Indochina bioregion’, with exceptionally high levels of 
species richness and endemism (Jenkins et al., 2013; de Bruyn et al., 
2014). The EPL supports globally significant populations of critically 
endangered birdlife including the giant ibis (Thaumatibis gigantea) 
and white-shouldered ibis (Pseudibis davisoni) (Gray, Pollard, et al., 
2014; Loveridge & Ty, 2015), one of the last Siamese crocodile 
populations remaining globally (Han et al., 2015), Cambodia’s largest 
population of Asian elephants (Gray, Vidya, et al., 2014), the largest 
global population of wild banteng in its native range (Gray, Prum, et 
al., 2012) and the only remaining population of Indochinese leopards 
in Indochina (Rostro-García et al., 2016; Rasphone et al., 2019).

The Phnom Prich Wildlife Sanctuary (PPWS) and the Srepok Wildlife 
Sanctuary (SWS) are located in the centre of the EPL and fall under 
the management of the Department of Nature Conservation and 
Protection of the Ministry of Environment (GDANCP/MoE) of the 
Royal Government of Cambodia (RGC), with technical support 
provided by WWF-Cambodia since 1998. The PPWS, a PA that covers 
2,225km2, was established by royal decree in 1993. The SWS, spanning 
3,730km2, was first designated as the Mondulkiri Protected Forest 
(MPF) by the Ministry of Forestry, Fisheries and Agriculture in 
2002, and later renamed the Srepok Wildlife Sanctuary by the 
GDANCP in 2016. As part of Cambodia’s commitment to the global 
goal to doubling the wild tiger populations by the year 2022, endorsed at 
the 2010 International Tiger Forum in St. Petersburg (Global Tiger 
Initiative, 2010), the Forestry Administration produced the Cambodia 
Tiger Action Plan (Forestry Administration, 2011) which identified 
the EPL as the first priority site for tiger reintroduction.

Historically, the north and eastern Cambodian forests were renowned 
gameland containing vast aggregations of large ungulates that 
supported a variety of large carnivores (Wharton, 1966). Decades of 
armed civil conflict, followed by economic growth, led to significant 
reductions in large-bodied mammal populations (Loucks et al., 2009), 
as well as the extinction of species such as the kouprey and local 
extirpation of tigers (Panthera tigris) (Corlett, 2010; Gray, Rattanak, et 
al., 2012; O’Kelly et al., 2012). Nonetheless, until a little over a decade 
ago, the EPL still contained some of the most intact assemblages of 
megafauna in the region (Gray, Prum, et al., 2012; Gray, Vidya, et 
al., 2014). 

However, the rapid acceleration and intensification of threats has 
placed increasing pressure on these remaining populations (Schipper 
et al., 2008; Hughes, 2017). The unprecedented poaching and snaring 
crisis across Southeast Asia, is fuelled by an increasing urban demand 
for wildlife products, particularly meat (Gray et al., 2018; Scheffers 
et al., 2019; Heinrich et al., 2020). In the EPL, this demand originates 
both from within Cambodia as well as from across the border in 
Viet Nam (Belecky & Gray, 2020). Habitat conversion, habitat 
degradation, infrastructure development, porous legal frameworks and 
deficient law enforcement further compromised species persistence 
in the region (Brooks et al., 1999; Barrett et al., 2001; Sodhi et al., 
2004; Gibson et al., 2011; Neef et al., 2013).

Robust monitoring of wildlife populations is critical to accurately 
assess the impacts of these threats on wildlife, and to support 
evidence-based conservation decision-making and effective PA 
management (Sutherland et al., 2004; Pullin & Knight, 2009; 
Lindenmayer et al., 2012). Due to the foresight and investment of 
WWF to set up a long-term monitoring programme for target species 
in the EPL, data now exists to allow for measurements of population 
change. WWF-Cambodia established a monitoring baseline for ungulate 
species for the SWS and PPWS in 2010-11 using line-transect based 
distance-sampling methods (Buckland et al. 1993; Gray, Phan et al., 
2012). Ungulates were selected as target species due to their important 
ecological roles in the dry forest ecosystem and their essential role in 
tiger reintroduction in the landscape. Ungulates are key prey species for 
medium-sized and large carnivores and for scavengers (Hayward et 
al., 2012; Phearun Sum & Loveridge, 2016; Wolf & Ripple, 2016; 
Rostro-García et al., 2018; Kamler et al., 2020), and sufficiently high 
prey density is a critical condition for carnivore persistence in a 
landscape (Ramakrishnan et al., 1999; Rasphone et al., 2019). 
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Ungulates are also important seed dispersers (Corlett, 1998; 
Brodie, 2007; Brodie et al., 2009; Sridhara et al., 2016), and large 
herbivores have an important influence on vegetation composition 
and on habitat features such as salt licks and waterholes which in 
turn are critical for the survival of other endangered and critically 
endangered wildlife (Ahrestani et al., 2016; King et al., 2016; Eames 
et al., 2018; Pin et al., 2018).

The ungulate surveys were repeated in 2014, 2016, 2018, and 
2020, yielding one of the longest-term and most robust ungulate 
monitoring datasets currently available in mainland Southeast Asia.
 
This report aims to:

● Present the results of the decade long ungulate monitoring 
programme in the EPL, with a particular focus on population status 
and trends of banteng, red muntjac, and wild pig;

● Discuss the conservation implications of the results including for 
species conservation and recovery, and tiger reintroduction to the 
EPL.
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A recovery of the EPL to its historical potential with rich and abundant wildlife and large intact forests 
that support human wellbeing and economy is possible, but transformative conservation action is 
urgently and immediately required. 



2.1 Study Area
2.2 Study Species2. METHODS

The study was conducted in the SWS (3,729.71 Km2, formerly the 
MPF) and the PPWS (2,225.00Km2). These two adjacent PAs are 
located within the centre of the EPL that consists of eight contiguous 
PAs. Six PAs are located in Eastern Cambodia and are connected to 
two PAs located in Viet Nam (see figure 1). DDF, dominated by Shorea 
obtusa and Dipterocarpus tuberculatus trees (Tani et al., 2007; Pin 
et al., 2013), makes up the majority of forest cover in the PPWS and 
SWS, with the remaining forest cover consisting of a mosaic of Mixed 
Deciduous Forest (MDF)  and  Semi-evergreen/Evergreen Forest 
(SEGF/EF) patches, interspersed with smaller patches of bamboo 
forest and riverine forest. The SEG/EF forest patches are slightly 
more abundant in the PPWS (23% and 5%, respectively) compared 
to the SWS (9% and 1%, respectively) (Gray, Pollard, et al., 2014). 
The climate is characterized by a distinct dry season (Dec-May) and 
a monsoon-influenced wet season (June-November). 

Six ungulate species were the focus of this study: Eld’s deer, sambar 
deer, gaur, banteng, red muntjac, and wild pig. Sufficient encounters 
were recorded for the latter three species to allow for population size 
estimation. The banteng is an endangered wild cattle species (Gardner 
et al., 2016) that is relatively understudied across mainland Southeast 
Asia and whose ecological attributes may vary significantly across 
its’ range. 

The banteng appears especially well adapted to dry and open habitats 
including dry dipterocarp forests, but is also known to utilise mixed 
deciduous and evergreen forest types in landscapes containing a 
mosaic of vegetation types such as the EPL (Prayurasiddhi, 1997; 
Steinmetz, 2004; Channa & Gray, 2010). It has a prefere  nce for 
lower elevations (Jornburom et al., 2020). Banteng is a typical 
roughage feeder with a predominantly graminoid diet (Ahrestani et 
al., 2016). Prayurasiddhi (1997) found that mean home range size in 
the wet and dry season were similar (30.0±8.5km2 and 26.4km2, 
respectively) but that seasonal shifts of home range locations occur, 
possibly following fire and water availability patterns (Channa & 
Gray, 2010). Banteng usually occur in small herds (2-10 individuals), 
although larger herds have been observed, or as solitary males, and 
herd composition changes over seasons (Nowak, 1999; Steinmetz, 
2004; Rahman et al., 2019). The life history of the banteng is relatively 
slow compared to the smaller red muntjac and wild pig. Banteng 
reach sexual maturity at 2-4 years old, with a gestation period of 
9.5-10 months usually producing a single calf (Copland, 1974; 
Choquent, 1993; Rahman et al., 2019). 

Whilst the red muntjac is listed as least concern in the IUCN Red 
List, many populations are declining in Southeast Asia (Timmins et 
al., 2016). This species can be considered a habitat generalist as it 
occurs in a wide variety of forest types, grasslands, and croplands 
(Laidlaw, 2000; Bali et al., 2007; Rahman et al., 2017). They have 
small (<1km2) home ranges and show a relatively high level of site 
fidelity (Odden & Wegge, 2007). Red muntjac are mixed feeders that 
forage on browse and grasses and select for leaf and fruit materials 
with low fibre content (Brodie, 2007; Ahrestani et al., 2016; Sridhara 
et al., 2016). They are largely solitary although breeding pairs and 
females with offspring have been found to associate (Barrette, 1977; 
Odden & Wegge, 2007). Red muntjac have a relatively fast life history, 
reaching the age of first fawning at 14-18 months and having a 
gestation period of 6-7 month in captivity (Pudjirahaju et al., 2015; 
Faruk Miazi et al., 2016). 

Figure 1- The Eastern Plains Landscape (EPL) PA complex includes the 
Srepok Wildlife Sanctuary and the Phnom Prich Wildlife Sanctuary, four 
other PAs in Cambodia, and two PAs in Viet Nam.
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Mr. Nurth Thurt, community research ranger, using a range finder 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

The baseline survey in 2010-11 followed a sampling design of vertical 
transects with a random starting point using the survey design 
engine in DISTANCE 6.0 (Thomas et al., 2010). This design 
incorporated a minimum distance of 500m between transect lines, 
distributed across the study area, totalling 40 transect lines in the 
PPWS, and 40 transects in the SWS (figure 2). Transect lines situated 
within Economic Land Concessions (ELCs), rubber plantations, 
villages, or agricultural concessions were excluded and therefore 
only 33-34 transects in the PPWS and 38 transects in the SWS were 
surveyed in the 2010-11 and 2014 surveys. The survey area in the 
PPWS covered 1,670km2 and excluded a 2km buffer around village 
centres and a 500m buffer along permanent rivers (Gray, Phan, et 
al., 2012). Transect lines that overlapped or were less than 500m 
apart were excluded from the 2014 surveys. The design remained the 
same over the 2010 and 2011 survey years with the exception that the 
average transect length was extended by approximately 1.1km in 
2011 (3.4) compared to 2010 (2.3) (table 2). In the SWS, a core area 
of 1,736km2, excluding 500m buffer zones along the main rivers to 
allow safe and continuous access to the transect lines, was surveyed 
in 2010. In 2011, a sub-area within this core area consisting of 460km2  

was surveyed, with the aim of producing key tiger prey species density 
estimates in an area that was at the time considered ‘likely to be 
designated as an inviolate tiger recovery zone’ (Gray, Phan et al., 
2012).  

The wild pig is also listed as least concern in the IUCN Red List and 
is widespread and common across most of Europe and Asia (Keuling 
& Leus, 2019). It is a true habitat generalist and considered a 
resilient species with a high level of tolerance to disturbance (Allwin 
& Swaminathan, 2016; Sridhara et al., 2016; Phumanee et al., 
2020). Wild pigs have home ranges of 6-34 km2, they are omnivorous 
with a high degree of dietary flexibility, although their diet often 
includes fruits, and wild pigs may travel significant distances to 
follow periodic mast fruiting events (Caley, 1997; Curran & Leighton, 
2000; Ballari & Barrios-García, 2014; Sridhara et al., 2016). Wild 
pigs are gregarious, although solitary males occur, and live in herds 
that vary in size according to season and locality. Wild pigs have a 
seasonal but high reproductive output which varies across 
geographic regions and with available resources (Choquenot et al., 
1996; Bieber & Ruf, 2005; Keuling & Leus, 2019).

Line transect surveys using a distance-sampling statistical framework 
(Buckland et al. 1993) was the method used in the dry seasons of 
2010 and 2011 to estimate ungulate population densities, which then 
formed the monitoring baseline for ungulates in the EPL (Gray, 
Phan, et al., 2012). Subsequently, line transect surveys were 
conducted every two years starting in 2014, with comparatively large 
survey efforts in 2016, 2018, and 2020 (table 2).

Table 2 - Survey effort and related details of ungulate population monitoring 
conducted using distance-sampling based line transect surveys in the 
Phnom Prich Wildlife Sanctuary and the Srepok Wildlife Sanctuary. 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
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Mrs. Sacorn Sochea, one of the only two local women to serve as community research rangers in the 
Eastern Plains Landscape. © Ravy Sophearoth / WWF-Cambodia25 26

Species-specific encounter rates in the 2010 and 2011 surveys 
were combined in the data analysis, thus improving the global 
detection function for the PPWS and SWS. Area-specific analyses 
were performed in three survey areas: 1) the  PPWS; 2) the SWS 
outer core (1,276km2); and 3) the SWS inner core (460km2). 
These area classifications should not be confused with the 
recently officially designated core zones of the SWS zonation 
plan (RGC, 2019). In 2014, the same design as in 2011 was used 
(figure 2A). In 2016, the survey design was modified from a 
random design to a systematic random design, with a random 
starting point with parallel positioning of lines in a grid-based 
system with 4km spacing using DISTANCE 6.2 (figure 2B). The 
rationale behind this change was to permit a representative 
sampling effort across the entirety of both survey areas, covering 
the wide diversity of habitat types with random probability,  
whilst simultaneously reducing the likelihood of autocorrelation 
and whilst gathering data on presence of additional species in 
both the PAs. In addition, the survey effort was increased as a 
response to low encounter rates and to obtain sufficient detections 
to produce ungulate density estimates. The number of transects 
increased from 34 to 56 in the PPWS, and 38 to 58 in the SWS, 
with a higher frequency at which each transect line was 
surveyed (mean of 6.2 in the PPWS, and 6.4 in the SWS), resulting 
in an increased survey effort (1,044km in the PPWS, and 
1,096km in the SWS; table 2). In 2018 and 2020, the same 
transect lines were surveyed with two additional lines in PPWS 
in 2020.

Figure 2 - The locations of transects used for the baseline surveys in 
2010-2011, also used in 2014 (A), and the locations of transects used 
in 2016, 2018, 2020 (B).
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Distance sampling comprises a suite of methods in which animal 
density or abundance is estimated from a sample of perpendicular 
distances to detected animals or animal clusters (Buckland et al., 
2001). This method accounts for imperfect detectability and assumes 
a declining probability of detection with increasing distance between 
the animal and the observer, for example due to reduced visibility by 
obscuring vegetation. In the EPL surveys two observers walked each 
transect line slowly and quietly in the early morning (06:00- 10:00) 
and late afternoon prior to sunset (15:00-18:30). Upon observing 
any ungulate, observers recorded the species, distance to the centre 
of the group (measured with a laser range finder), and the compass 
bearing. In addition, surveyors recorded the number of individuals 
(cluster size) and sex-age classes, where possible. Trip specifics such 
as date, time, and bearing of line transects were also recorded along 
with covariates such as observer name, weather conditions, and 
habitat type. Prior to commencing the surveys, all transects were 
marked with red spray paint, thus ensuring consistency and 
repeatability throughout the survey period. In addition, all team 
members underwent rigorous training to minimize the level of 
observer variability.

The datasets were analysed using Conventional Distance Sampling 
(CDS) in software DISTANCE 6.0 (Thomas et al., 2010) for the 
2010-2011 surveys, in DISTANCE 6.2 for the 2014 surveys, in 
DISTANCE 7.2 for the 2016 and 2018 surveys, and in R with the 
Distance package version 1.0.1. (Miller et al., 2019) for the 2020 
survey. Analysis performed using DISTANCE and R calculated 
ungulate encounter rates, detection probability, cluster size, and 
abundance (population size and density) estimates. These estimates 
were independently calculated for each species. 

For the 2010-11 data analysis, ungulate densities were estimated for 
the species having a minimum of 50 encounters. Encounter data per 
species from all survey areas and both survey years was pooled to 
create a single global detection function that was fitted per species 
and used to calculate landscape-wide and area-specific densities for 
the three individual survey areas (the PPWS, the SWS outer core, and 
the SWS inner core). For the 2014 data analysis, species specific 
encounter data from the PPWS and SWS were pooled together for 
the 2010-11 and 2014 surveys due to the low number of encounters. 
Species specific global detection functions were derived and area 
specific densities per survey year were produced for both the SWS 
and PPWS. Species specific encounters for red muntjac (2016, 2018, 
and 2020) and wild pig (2016, 2018) were pooled across both PAs for 
each distinct survey year, and PA specific densities were produced. In 
2020, wild pig encounters in PPWS were used for an area-specific 
detection functions, whilst for SWS encounters for 2018 and 2020 
were used for a pooled detection function to ensure a sufficiently 
large sample size. Due to the lower number of banteng in encounters 
recorded within a single survey year, global detection functions were 
derived using detection data from the particular survey year and the 
previous survey year(s). Thus the 2016 global detection function 
incorporated encounter data from the 2014 and 2016 surveys, the 
2018 global detection function incorporated encounter data from 
the 2016 and 2018 surveys, and the 2020 global detection function 
incorporated encounter data from the 2016, 2018, and 2020 
surveys. These global detection functions were subsequently used to 
estimate area specific densities per year for the PPWS and SWS. This 
approach assumes similar detection probability across survey years 
(see discussion). 

Analytical methods followed a standardized distance sampling approach based on 
Buckland, et al. (1993, 2001). Prior to modelling, all data was checked for anomalies, 
errors removed, and right truncated to prevent the inclusion of additional adjustment 
terms and to improve model fit (Buckland, et al., 2001; Thomas et al., 2010).

Georeferenced data on snaring and other lethal traps in both PAs 
were obtained from the Management Information System (MIST: 
http://www.ecostats.com/MIST) in 2010-2012 and the Spatial 
Monitoring and Reporting Tool (SMART: https://smartconserva-
tiontools.org/) reports between 2012 and 2018. Patrolled distances 
were obtained from the geolocations (GPS waypoints and track logs) 
of PA ranger team leaders, they include both foot and motorcycle 
patrols. The MIST and SMART data collection protocols include the 
recording of all observed illegal activities, their type, nature of the 
offense, offender details (e.g. nationality, number of people involved, 
occupation, sex), information on equipment or materials used (e.g. 
vehicle type, materials used for hunting or logging), action taken by 
the patrol team (e.g. confiscation, warning letter, arrest), and details 
of any illegal products if encountered (e.g. volume of wood, species 
of wildlife). 

2.4 Field Methods 2.5 Analytical Methods

27 28



Expected cluster size was estimated through a regression of ‘log cluster 
size’ against the estimated probability of detection. Whenever the 
regression equation was non-significant due to size bias (Drummer 
& McDonald, 1987), the mean observed cluster size was used instead 
(Buckland, et al., 2001; Gray, Phan, et al., 2012; Gray, Prum, et al., 
2012). 

The best model for estimating group and individual species densities 
was selected based on Akaike Information Criteria corrected for 
small sample size (AICc) (Buckland et al., 2015a). Cramer von 
Mises Goodness-of-Fit scores and Kolmogorov-Smirnov tests,  as 
well as a visual assessment of fit to the models were also considered 
during analysis stages (Buckland et al., 2015b, p. 5). 

To allow for comparability of population density estimates in SWS, 
the area-weighted average density and its variance was calculated 
for the SWS core for 2010-11 following stratified analysis as per 
Buckland et al. (2001, p. 89 - 91; further details in Annex 1). Statistical 
significance of changes in mean densities between years or survey 
areas was calculated with a one-tailed Z-test (Buckland, et al., 
2001).

Multi-year data from the MIST and SMART database of encountered 
snares, corrected for patrol effort, was used as an indicator for the 
intensity of snaring in PPWS and SWS. The patrolled areas overlap 
almost entirely with the line transect survey area, although in SWS 
some patrols also occurred outside the core zone not covered by the 
line transects. 

To understand the implications of our results for a potential future 
tiger reintroduction to the EPL, biomass density of the tiger prey 
species were estimated. The biomass densities were estimated based 
on the earliest (2010-11) and most recent (2020) estimated densities 
of the banteng and wild pig and on body weights extracted from 
Simcharoen et al. (2018) which account for sex-age related biases in 
predation by tigers (Karanth & Sunquist, 1995). Red muntjac was not 
included in these calculations as this species generally makes up a 
negligible proportion of tiger diets, both in terms of relative biomass 
as well as total animals killed (Kumaraguru et al., 2011; Hayward et 
al., 2012; Simcharoen et al., 2018). Wild cattle species, including 
banteng and gaur, are considered important tiger prey species that 
make up an significant proportion of dietary intake (Andheria et al., 
2007; Hayward et al., 2012; Kumaraguru et al., 2011; Simcharoen et 
al., 2018). Wild pig, weighing <60kg, is not necessarily a preferred 
prey species but has been identified as an important prey item for 
some sites (Hayward et al., 2012; Mukherjee & Sen Sarkar, 2013; 
Chestin et al., 2017), whilst only making up a small proportion of tiger 
diet in others (Kumaraguru et al., 2011; Simcharoen et al., 2018). Due 
to their higher relative abundance, it is reasonable to assume that wild 
pig would be an important tiger prey item in the EPL (Steinmetz et al., 
2020).
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3.1 Encounter Rates

3.2 Population Density and Size

3. RESULTS

Encounter rate details for all ungulate species are available in 
Annex 2. Despite a significant increase in survey effort between 
the baseline year (2010-11) and subsequent years, the total number 
of encounters of ungulates in the PPWS and SWS combined were 
relatively similar in 2010-11 (325), 2016 (382), 2018 (329), and 
2020 (315). The encounter rate (defined as the number of encounters 
per 10 km of transect walked) in the PPWS and SWS combined for 
all ungulate species declined between the baseline and the most 
recent survey. Encounter rates for three ungulate species were 
extremely low in all the survey years: Eld's deer (range: 0-5); gaur 
(range: 0-5); and sambar (range: 1-5), and were insufficient to 
estimate population densities.

Annex 3 contains detailed information on the density and population 
estimates for the three species with sufficient encounters: banteng, 
red muntjac, and wild pig. Table 3 and Figures 3-5 show the trends 
in population density of banteng, red muntjac and wild pig, respectively, 
over the monitoring period.

Table 3 – Estimated mean density along with Standard Error (±SE) and 95% Confidence Intervals (CI) for 
three ungulate species in the Srepok Wildlife Sanctuary and the Phnom Prich Wildlife Sanctuary based on 
distance-sampling based line transect surveys (area-weighted density was used for 2010-11 to obtain density 
for the core zone of the SWS). Also shown are changes in density between survey years with their significance 
level (p-value). P-values<0.05 are marked in blue.

21 22An aerial view of Phnom Prich Wildlife Sanctuary  © Chhit Samarth / WWF-Cambodia

*2014 estimates in the SWS were for the inner core area only and are therefore not directly comparable to the estimates in 
other  years which covered the entire core area, these are indicated as “NA”. 
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In the SWS-Core, the banteng mean density estimate showed a 
consistent declining trend. In 2016, the density estimate declined by 
64.62% from the 2010-11 baseline density estimate;  in 2018 it 
indicated a further decline compared to the baseline (77.32%); and 
finally in 2020 the decline compared to the baseline was 80.61 
(Table 3). In PPWS, the mean estimated banteng density increased 
between the 2010-11 baseline and the two subsequent surveys, with 
the increase from 2010-11 to 2016 being statistically significant. 
However, in 2018, banteng density saw a steep and significant 
decline by 74.54% and 72.17%, compared to the 2016 and 2014 
surveys, respectively. The decline appeared to continue between 
2018 and 2020 albeit at a lower rate (17.95%) and the change was 
not statistically significant.

The current estimated population size of banteng is 371 individuals 
(95% CI: 150 - 918) in SWS core and 485 individuals (95%CI: 191 – 
1,230) in PPWS compared to the 2010-11 baseline estimates of 1,911 
individuals (95%CI: 870-2,952) in SWS core and 1,102 individuals 
(95%CI: 602-2018) in PPWS.

Estimated banteng density (Figure 3) was initially higher in SWS than 
in PPWS (although not statistically significantly at the 5% significance 
level, due to high variance in the estimates). However, in 2016, density 
estimates are significantly lower in SWS than in PPWS (p=0.001), 
and no significant difference was seen in 2018 and 2020. 

Figure 3 - Banteng population density estimates (±SE) in Srepok Wildlife 
Sanctuary (blue circles) and Phnom Prich Wildlife Sanctuary (orange 
circles) based on distance-sampling based line transect surveys 
(area-weighted density was used for 2010-11 to obtain density for the core 
zone of SWS).
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Red muntjac density (Figure 4) was 40.62% higher in the SWS 
compared to the PPWS during the baseline survey. However, since 
2016, red muntjac density estimates remained similar in the two PAs 
until 2020 when the estimate in PPWS exceeded the estimate in 
SWS (although not statistically significant).

Red muntjac density in SWS-Core declined significantly from the 
2010-11 baseline survey to the 2016 survey (24.17%), the 2018 survey 
(52.61%), and the 2020 survey (67.99%) (Table 3). In PPWS, 
red muntjac density followed a similar trend as the banteng: the 
population appeared to be slightly increasing between the 2010-11 
baseline and the two subsequent survey years (albeit not significantly), 
but declined by 42.93% in 2018 compared to 2016, after which it 
appeared to remain stable. Overall, the decrease in red muntjac 
density between 2020 and 2010-11 baseline was 24.30% in PPWS 
(although not statistically significant). 

The current red muntjac population is estimated at 1,425 individuals 
(95%CI: 962-2,112) in SWS core and 1,925 individuals (95%CI: 
1,480-2,504) in PPWS, compared to the 2010-11 baseline estimates 
of 4,453 individuals (95%CI: 3,623-5,283) in SWS core and 2,543 
individuals (95%CI: 1,744-3,708) in PPWS.

Figure 4- Red Muntjac population density estimates (±SE) in Srepok 
Wildlife Sanctuary (blue circles) and Phnom Prich Wildlife Sanctuary 
(orange circles) based on distance-sampling based line transect surveys 
(area-weighted density was used for 2010-11 to obtain density for the core 
zones of SWS).
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Wild pig density was initially lower in PPWS compared to SWS and 
this difference was significant in 2016 (64.40%, p=0.001). However, 
in 2018 wild pig density became higher in the PPWS compared to the 
SWS, although not statistically significant, and in 2020 the estimates 
were at similar levels (Figure 5). 

Significant fluctuations in wild pig density estimates for both PAs 
occurred over the years (Figure 5). However, when comparing the 
‘dips’ and ‘peaks’ of these fluctuations, no statistically significant 
difference (p< 0.05) was evident. Results suggest that wild pig density 
in SWS-Core remains at a similar level from the 2010-11 baseline and 
the most recent survey in 2020 (Table 3). Densities appear to increase 
between 2010-11 and 2016, and then decline further in 2018 and 
2020. In PPWS, wild pig densities significantly increased between 
the baseline survey (2010-11) and the subsequent survey (2014). 
However, densities in 2016 decreased by 52.18% from 2014 estimates, 
followed by a significant increase of 130.4% in 2018 compared to 
2016, and again a decrease of 54.63% in 2020 compared to 2018. 

The current estimated population size of wild pig is 2,169 individuals 
(95% CI: 1,451-3,240) in SWS core and 1,848 individuals (1,170-2,919) 
in PPWS, compared to the baseline in 2010-11 estimates of 3,314 
individuals (95% CI: 1,868-4,760) in SWS core and 1,595 individuals 
(95%CI: 891-2,855) in PPWS. 

Figure 5. Wild Pig population density estimates (±SE) in Srepok Wildlife 
Sanctuary (blue circles) and Phnom Prich Wildlife Sanctuary (orange 
circles) based on distance-sampling based line transect surveys 
(area-weighted density was used for 2010-11 to obtain density for the core 
zones of SWS).
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3.3 Prey Biomass

3.4 Poaching in the PPWS and SWS

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 165.5% over the past decade, and the 
proportional representation of wild pig of total biomass increased 
from 18.3% to 43.0% in SWS, and from 15.7% to 33.0% in PPWS.

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%).

On average, 1,786 and 1,075 lethal traps have been removed per year 
between 2013 and 2019 in SWS and PPWS, respectively, 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).

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.
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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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4.1 Ungulate Population Status and Trends
4. DISCUSSION

Results comparisons with the most recent available surveys of 
neighbouring PAs (2018/19) indicate that the red muntjac densities 
are significantly higher in the PPWS and the SWS compared to the 
YDNP and the KSWS, and wild pig densities are significantly higher 
in the PPWS, the SWS, and the YDNP compared to the KSWS (Annex 5). 
Banteng densities in both the SWS and PPWS are significantly higher 
than in the KSWS. The most recent banteng population estimate for 
the KSWS (in 2018) is 13 individuals (95%CI: 2.4-73), compared to 
433 (95%CI: 178-1,055) in the SWS and 591 (95%CI: 276-1,264) in 
the PPWS in the same year. Similar to the PPWS and SWS, banteng 
population estimates for the KSWS appear to have decreased from 
2014 (492 individuals (95%CI: 225-1,075)) to 2018 (13 (95% CI 2.4 - 
73)) (WCS, 2019, unpublished results). However, these results have 
wide confidence intervals and limited statistical robustness, due to 
low encounter rates per survey year. Consequently, data pooling to 
create a global detection function incorporated all encounters over 
six survey years between 2010-2018 (WCS, 2019, unpublished results). 
In the YDNP, there were no visual observations of banteng during 
their 2018/19 surveys, although signs are still sporadically encountered 
during patrols (WWF-Viet Nam, 2019). Consequently, mean estimated 
density comparisons will be limited to two ungulate species 
(red muntjac and wild pig) for the YDNP. These comparisons 
highlight the importance of the PPWS and the SWS within the 
larger landscape for banteng conservation.

Only a few baseline estimates and peer reviewed studies on ungulate 
densities exist for Southeast Asia, due to the relatively high level of 
resources (human and financial) required to conduct robust 
distance-based line transect surveys and the dense rainforest habitat 
across much of the tiger range in this region. In general, ungulate 
densities in South Asia are much higher compared to Southeast Asia 
(Annex 5). Recent surveys in Nepal indicate that the total ungulate 
density in at least three different tiger reserves is of an order of 
magnitude higher than those observed in the PPWS and SWS 
(DNPWC & DFSC, 2018). 

Seasonal dry forest types, comprising the majority of forest cover in 
the EPL, are considered to have high carrying capacity for large 
herbivore species due to high levels of food availability (Eisenberg & 
Seidensticker, 1976; Smith et al., 2011). Indeed, the semi-dry deciduous 
forests of Ranthambore National Park and Gir National Park in India 
have estimated ungulate densities of 75 and 52.8 individuals/km2 
respectively (Khan et al., 1996; Bagchi et al., 2003; Jathanna et al., 
2003), suggesting that ungulate populations have been severely 
depleted in the EPL.

Similar high densities are observed in Indian tiger reserves, where 
figures are generally higher than 30 individuals/km2 (Karanth & 
Nichols, 2002) and can even exceed 100 individuals/km2 in some 
areas (see for example Sankar et al., 2010).

Low encounter rates of gaur, sambar, and Eld’s deer during our line 
transect surveys may suggest that only small isolated populations 
remain. This is supported by other research findings in the area 
including: low camera trapping rates of large deer and gaur (<20 
individuals captured per 100 trap nights, J. Kamler May 2019 pers. 
comm. and Gray, 2011, 2012); low numbers of direct and indirect 
sightings of these species during other research surveys (R. Crouthers, 
July 2019 pers. comm.) and law enforcement patrols (SMART data 
2010-2019); low volumes of Eld’s deer dung samples collected during 
a targeted non-invasive Eld’s deer DNA survey (R. Crouthers, July 
2019, pers. comm.); and the absence of these species in leopard diet, 
determined by scat analysis using genetics (Rostro-García et al., 
2018). 

Historical and current poaching of sambar and Eld’s deer combined 
with their low recovery rates are considered the primary causes of 
decline in Cambodia (Weiler, 2003; Loucks et al., 2009). In addition, 
it has been suggested that larger sexual dimorphic deer species may 
be less resilient to and/or slower to recover from male-targeted trophy 
hunting due to the negative reproductive and infant survivability 
consequences of skewed sex-ratios (Steinmetz et al., 2010; Gray, 
Phan, et al., 2012). The apparent low number of both sambar and 
Eld’s deer across the two PAs are of international concern, as it 
appears that no large intact populations of both these species remain 
in the Indochinese region (Weiler, 2003; Timmins et al., 2015). 
Furthermore, the globally endangered Eld’s deer only exists within a 
few spatially fragmented subpopulations in Laos, Cambodia, India, 
and Hainan in China and is therefore of global conservation concern 
(Gray et al., 2015). Thus it is crucial that direct management 
intervention steps are taken to protect and restore this globally 
important population. 

Current ungulate densities in the SWS and PPWS are at very low levels, considering the potential carrying 
capacity of the landscape compared to similar landscapes in South Asia (Annex 5). Current ungulates 
densities are similar or slightly higher when compared with two other PAs within the EPL for which 
density figures are available: the Keo Seima Wildlife Sanctuary (KSWS) and the Yok Don National Park 
(YDNP) (see figure 1 and Annex 5). 
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Gaur may have a lower detection probability compared to banteng 
because: they prefer and forage longer in mixed deciduous and 
semi-evergreen forest types than in DDF forest types, where visibility 
is lower due to denser undergrowth (Prayurasiddhi, 1997; Gray, 2011); 
and more importantly  they are less abundant and thus fewer 
individuals are available for detection (Royle & Nichols, 2003; 
Gray, 2012). Whilst gaur are generalist feeders that use a diversity of 
habitat types and elevations (Sankar et al., 2013), banteng is a DDF 
habitat selector with a higher tolerance for lowland dry conditions 
(Prayurasiddhi, 1997; Steinmetz, 2004; Gray, 2012), thus PPWS and 
SWS provide an optimal banteng habitat. The relative rarity of 
denser forest may result in naturally lower densities of gaur in the 
PPWS and SWS, this would be consistent with low gaur densities 
in other areas that consists of similar habitat coverage and 
composition, such as the Xe  Pian Protected Area in Laos (Steinmetz, 
2004). Nonetheless, the extremely low number of recorded encounters, 
which were five or less (Annex 2), suggest that only a few small spatially 
fragmented groups may remain. If the species would have been at a 
carrying capacity population level based upon habitat availability, a 
higher number of encounters and observations of large groups would 
be expected. This notion is further supported by results from other 
research studies (see above) and suggest that the resident gaur 
population size may be beyond the possibility of natural recovery.

In contrast, our survey results demonstrate that the wild pig population 
trends strongly fluctuated over the years. Fluctuation in wild pig 
population estimates is a typical pattern observed for this species, 
which exploits pulsed resources (Bieber & Ruf, 2005; Cutini et al., 
2013). Wild pig population size, reproduction, and habitat use is 
generally dependent on patchy spatial-temporal food distribution 
and can rely on super-annual mast fruiting events, including those of 
the Dipterocarpaceae sp. trees (Curran & Leighton, 2000).  However, 
based on wild pig annual growth rates in areas without hunting 
pressures (see for example Steinmetz et al., 2010), we would have 
expected a greater increase in average density and population size 
estimates across the PPWS and SWS if hunting levels would have 
been lower, especially considering the low predation pressure. The 
relatively stable wild pig population demonstrates their relative 
resilience to hunting, as also found in other studies (e.g. Allwin & 
Swaminathan, 2016; Phumanee et al., 2020)

Research team scouting target site near a dry riverbed © Ravy Sophearoth / WWF-Cambodia
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Overall, our results suggest that populations of both wild cattle 
species (gaur and banteng) that occur in the EPL are severely depleted 
by poaching. The significant and steep declines of banteng densities 
in both the SWS and PPWS highlight the vulnerability of this species 
to current threats. The current banteng population constitutes of 
only 28.4% of the estimated population size in 2010-11 (Annex 3). 
Although red muntjac densities were higher in the PPWS and the 
SWS compared to the neighbouring KSWS and YDNP in 2018, the 
ongoing significant and steep population decline(s) observed over 
the past two years, particularly in SWS, may soon eliminate that 
difference. As the rate of population decline can be expected to 
decrease with declining population size, more sophisticated 
modelling approaches are required to discern if the decreasing 
decline rate in the period between 2018 and 2020 compared to the 
period between 2016 and 2018, is attributable to management 
interventions or not. Small clumped populations can be expected to 
have lower capture rates in snares compared to larger, more widely 
and uniformly distributed populations.



4.2 Prey Biomass for Tiger Reintroduction

The decline in prey biomass density is relatively larger than the decline 
in prey population density because the proportional representation 
of the larger banteng relative to the smaller wild pig has decreased in 
the past decade. The relatively high proportion of wild pig of total 
prey biomass (43.0% in SWS and 33.0% in PPWS) also indicates that 
the estimated tiger prey biomass in 2020 most likely represents an 
overestimate of ecologically realistic prey availability because this 
proportion is much higher than commonly observed in tiger prey 
diets (Avinandan et al., 2008; Hayward et al., 2012; Simcharoen et 
al., 2014). When inferring predator carrying capacity from available 
prey biomass, the exclusive use of preferred prey items yielded more 
robust results (Hayward et al., 2007; Kiffner et al., 2009), and tigers 
tend to prefer larger ungulate species weighing between 60 and 250kg 
(Hayward et al., 2012). Although the high relative abundance of wild 
pig could render this species an important prey item, it would still be 
expected that the vast majority of prey would be constituted by 
preferred prey species, including large cervids and younger bovids 
(Karanth & Sunquist, 1995; Avinandan et al., 2008; Simcharoen et 
al., 2014). Banteng would form a major tiger diet component in the 
EPL, in addition to sambar and similar sized deer, which have been 
identified as a preferred tiger prey species (Andheria et al., 2007; 
Kumaraguru et al., 2011; Hayward et al., 2012; Zhang et al., 2013; 
Simcharoen et al., 2018). Previous research suggests that declines of 
such important prey species have contributed to declines in tiger 
populations, even whilst leopards have continued to persist 
(Ramakrishnan et al., 1999). Therefore, the observed declines in 
banteng and the extremely low encounter rates of large deer species 
suggest a serious limitation in natural prey availability. 

If prey biomass density for the EPL were to be modelled on the 
ecologically similar Huai Kha Khaeng Wildlife Sanctuary (HKKWS) 
in Thailand, which stands at 2,511kg/km2 (Simcharoen et al., 2014), 
the current prey biomass densities in the SWS and PPWS only 
reaches 4.3% and 4.9%, respectively, of this target. To estimate the 
unaided population recovery potential of the two currently viable 
prey species (banteng and wild pig) in the PPWS and SWS, we 
applied the intrinsic population growth suggested by Steinmetz et 
al. (2010) for gaur (0.31) and wild pig (0.14) for a context in which 
poaching ceased, and found that it would take eleven years to 
increase from the current biomass density to a level similar to that 
observed in the HKKWS (2,652 kg/km2). 

However, a detailed Population Viability Analysis would be required 
to account for complex and confounding factors influencing 
recovery, for example density-dependent behavioural changes, 
reproductive rates, natural predation and human threat levels 
(Brook et al., 2000; Beissinger & McCullough, 2002). Tiger 
reintroduction in the EPL, therefore, relies on ‘restocking’, i.e. 
supplementing wild ungulate populations by releasing animals that 
are captive-bred or caught from elsewhere in the wild. This strategy 
can have additional conservation benefits for the resident prey 
populations and the ecosystem as a whole if managed appropriately 
(Moreno et al., 2004; Champagnon et al., 2012). Ungulate 
supplementation measures have proven successful in other 
countries, such as for gaur in Central India (Sankar et al., 2013), and 
for Eld’s deer in China (Pan et al., 2014). 

The draft Cambodia Tiger Reintroduction Plan proposes a stepwise 
approach where an intensively managed area is secured and fenced 
for prey recovery and an initial release of 3 tigers when prey numbers 
exceed 1,500 adults, primarily comprised of banteng, Eld’s deer, 
sambar, and wild pig (possibly supplemented by domestic Asian 
water buffalo (Bubalus bubalis). After the initial release, prey 
populations would continue to increase and, given the vast areas of 
relative intact DDF and MDF, the carrying capacity for these species 
would be high enough to accommodate restocking and recovery of 
46 tigers in the SWS over a period of 15 years (Harihar et al., 2018), 
and to potentially hold 385 tigers in the entire EPL over the longer 
term (Gray et al., 2017). Independent of the importance of a 
potential future tiger reintroduction, the recovery of these 
threatened ungulate species and the enhanced protection of their 
habitats, constitute critical conservation objectives in their own 
right.

The current estimated mean tiger prey biomass of 107.5kg/km2 in the SWS, of 124.3kg/km2 in the 
PPWS, and the area-weighted mean of 115.7kg/km2 for both PAs combined, demonstrate dramatic 
declines compared to the estimates in 2010-11 (table 4). 
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4.3 Declines in the Largest Remaining Banteng Population
The ongoing decline in the banteng population in the EPL is 
particularly concerning as the landscape supports the largest global 
population of this endangered species in its’ native range, giving 
this population an irreplaceable conservation value (Gray, Prum, et 
al., 2012; Gardner et al., 2016). Remaining banteng populations in 
Indonesia, Thailand, Malaysia (Sabah), Laos, Myanmar, and 
Vietnam are small (rarely exceeding 50 individuals), fragmented, 
and declining (Gardner et al., 2016). A significant population, 
consisting of approximately 6,000 pure-bred banteng (i.e. no 
introgression with other domesticated Bos species) currently occurs 
in Garig Gunak Barlu National Park, Australia (Bradshaw et al., 
2006). However, this population is considered a different subspecies 
(Bos j. javanicus) from the mainland Southeast Asian subspecies 
(Bos j. birmanicus). In addition, there is a high likelihood that this 
population is genetically homogenous, as the initial source 
population consisted of only 20 domesticated individuals from Bali 
in 1849 (Hassanin & Ropiquet, 2007; Ropiquet et al., 2008; 
Gardner et al., 2016). Banteng have important ecosystem functions 
as key prey species for large carnivores and scavengers and as 
ecosystem engineers (Simcharoen et al., 2014; Phearun Sum & 
Loveridge, 2016; Rostro-García et al., 2018; Pin et al., 2018). With 
an estimated population size of 856 individuals, the EPL banteng 
population is still  the largest remaining population in its native 
range and therefore, it is vital to reverse the current decline in order 
to conserve this globally significant population.

as well as of other carnivore species such as the endangered dhole 
(Cuon alpinus) (Brodie, 2007; Brodie et al., 2009; Rostro-García et 
al., 2018; Kamler et al., 2020).The observed population declines of 
banteng and red muntjac are most likely a result of the poaching and 
snaring crisis that is currently sweeping through Southeast Asia 
(Belecky, & Gray, 2020; Gray et al., 2018; Tilker et al., 2019), fuelled 
by wild meat consumption and the illegal trade in wildlife and 
wildlife parts, which disproportionately targets large-bodied 
mammals (Sodhi et al., 2004; Schipper et al., 2008; Ripple et al., 
2015; Scheffers et al., 2019). In Southeast Asia, wire/rope snares 
that are likely to trap most ground living animals are predominant, 
and they are cheap to construct and can be placed with little 
investment and planning (Belecky, & Gray, 2020).

Evidence from SMART data supports the idea that poaching is a 
rapidly intensifying threat in the EPL, as the numbers of snares 
encountered during patrols increased significantly over the last 
decade. Furthermore, particularly damaging hunting techniques, 
such as blanket snaring and live electrified wire snaring, have an 
additional negative impact and have been observed in the SWS since 
2014, and in the PPWS since 2017. Marescot et al. (2019) used 
multispecies dynamic site-occupancy models for EPL SMART data 
from 2013-2016, to demonstrate steady and dramatic declines in the 
proportion of spatial coverage by wildlife species matched by a 
substantial increase of spatial coverage by poachers.

It should be noted that SMART records of snares are not an exact 
index for the actual snare density on the ground as the detection rate 
will vary with patrolling strategy and coverage, as well as skills and 
motivation of the patrolling team (Keane et al., 2008; Gavin et al., 
2010; O’Kelly et al., 2018). For example, the apparent snaring peak 
in 2016 can be explained by an intensive targeted snare sweeping 
strategy implemented by the MoE and WWF in that year, whereas 
the apparent decline in 2017 may be explained by a subsequent 
increased focus on illegal logging compared to snaring. Nonetheless, 
it is evident that snaring forms a real threat to ground-dwelling 
mammals in the EPL, especially considering that the reported 
number of snares is a vast underrepresentation of actual snares in 
the landscape as only a small proportion of PAs are patrolled and 
67-80% of snares may remain undetected (O’Kelly et al., 2018; 
Belecky, & Gray, 2020; Ibbett et al., 2020). 

4.4 Poaching and Ungulate Declines
Current ungulate density levels are far below the intrinsic carrying 
capacity of DDF and this is likely caused by high historical hunting 
levels further exacerbated by an observed increase in snaring and 
poaching across the landscape in recent years. Large mammals with 
slower life histories, including the      banteng, can be expected to be 
among the first species to respond to such pressures (Scheffers et al., 
2019). However, the declines in red muntjac cause additional concern, 
as this species is generally considered to be a resilient generalist 
species with relatively high recovery rates from disturbances; thus 
any decline would indicate intense levels of poaching (Steinmetz et 
al., 2010; Timmins et al., 2016). The red muntjac plays an important 
role in the EPL ecosystem as a preferred prey species of the remnant 
Indochinese leopard population, a sub-species recently uplisted to 
critically endangered status (Rostro-García et al., 2019), 
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Although the number of snares per patrol effort is higher in the PPWS 
than in the SWS according to SMART data, the absolute numbers of 
encountered snares in the PPWS is lower compared to the SWS in 
almost all years (Annex 4). The earlier declines in banteng and red 
muntjac observed in the SWS compared to the PPWS, may be explained 
by the higher number of snares and the earlier intensification of 
poaching in the SWS compared to the PPWS. The SWS is located on 
an international border, and has a flatter, more open, and accessible 
terrain that may have enabled higher poaching influx. Anecdotal 
evidence suggests that poaching with firearms may also more prevalent 
in SWS than PPWS (J.P. Lourens, June 2020, pers. comm.).  
Infrastructure developments in Mondulkiri province, such as the 
paving in 2016 of National Route 76 which cuts through the SWS 
further increased accessibility to this formerly remote area, have 
inadvertently led  to increased habitat loss and fragmentation, as well 
as ease of access for poachers and illegal loggers, not to mention ease 
of transportation of illegal wildlife products, timber and NTFPs 
(Clements et al., 2014; WWF-Cambodia, 2017). Tree-felling driven 
by cross-border illegal timber trade peaked in the PPWS after the SWS 
for these same reasons, with the expansion of ELCs, sawmills, and 
timber extractions rising rapidly between 2012-2016 in the PPWS 
(WWF-Cambodia, 2016; EIA, 2018). Between 2008 and 2016, almost 
50,000 hectares of land located inside and along the boundaries of the 
PPWS was assigned to ELCs (PD-MAFF, 2019). It has been suggested 
that these ELCs acted as gateways for logging (targeted at high-value 
timber) and illegal timber movements (EIA, 2018). In addition, forest 
conversion and infrastructural developments within ELC boundaries 
may have further intensified levels of human disturbance. Anecdotal 
reports suggest that illegal hunting and logging intensified within 
and near ELC boundaries, which in turn resulted in wildlife losing 
previous areas of their habitat. The combination of these 
anthropogenic factors has likely forced wildlife into the less 
disturbed forested areas inside PA boundaries (R. Crouthers, April 
2020, pers. comm.). Logging has been demonstrated to accelerate 
poaching, both because of opportunistic wild meat consumption and 
trade by loggers, but also because of  improved access through 
logging road networks (Wilkie et al., 2000; Clements et al., 2014). 

Recent missions by the National Committee for Prevention and 
Crackdown on National Resources of the RGC to combat illegal 
timber trade across the borders in the eastern part of Cambodia, 
including the EPL (ODC, 2019), may partially explain the reduced 
rate of decrease in banteng and red muntjac observed in the period 
between 2018 and 2020 compared to the period between 2016-2018. 
The cancellation of licenses for several large ELCs since 2016, as well 
as an increased number of boots on the ground through recruitment 
of community rangers from 2017 (SWS) and from 2018 (PPWS) 
onward, and improved patrolling strategies support artificial 
intelligence in 2019 (SWS) and 2020 (PPWS) may further explain 
this observation. However, further strengthening of law enforcement 
and protected area management will be required to fully bend the 
curve for these ungulate populations.

The relative stability of the wild pig population is perhaps unsurprising 
due to high fecundity levels and the adaptable and opportunistic diet 
of this resilient generalist species (Bieber & Ruf, 2005; Ballari & 
Barrios-García, 2014; Allwin & Swaminathan, 2016). Wild pigs have 
been documented to exhibit explosive population growth in similar 
ecosystems where natural predators have been removed and food 
availability is abundant (Ickes, 2001). Considering the high 
reproductive rate, and the extirpation of the pig’s main predator (the 
tiger) and low abundance of other natural predators such as leopards 
and dhole (Gray, Rattanak, et al., 2012; Rostro-García et al., 2016, 
2018), it could be expected that the population trend would be 
fluctuating but with an overall increase over an 8-year term. 
However, this is not the case in the EPL as the differences between 
‘dips’ and ‘peaks’ are not statistically significant (although such 
comparison is complicated by the wide variance due to the highly 
variable cluster sizes and encounter rates). Given the declines in 
other ungulate species and the high proportion (~40%) of wild pig 
among all carcasses (deaths due to unnatural causes) encountered 
on SMART patrols 2010-2019, poaching is undoubtedly a contributing 
factor in limiting population growth. 

Sunrise over Srepok Wildlife Sanctuary ©  WWF-Cambodia
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4.5 Limitations of the Estimation Methods

1.)  Animals are distributed independently of the transect lines; this  
      assumption holds in this study as a suitably randomised survey        
      design was used, and thus animals are expected to be located at  
      any given distance from the line with equal likelihood.

2.) Objects on the transects are detected with certainty; this         
      assumption holds in this study as medium-large sized ungulates  
      are generally available for detection and relatively easily detected.  
      Bias caused by missed detections on the line is generally of         
      greater concern for species that can be hidden from sight, for  
      example submerged cetaceans or animals in burrows, or when  
      species are more easily missed, for example smaller well-camou 
      flaged animals (Buckland et al., 2001).

3.) Distance measurements are exact; this assumption holds in this  
      study as highly accurate distance measurements are obtained        
      using laser range finders and all observers are extensively         
      trained in the appropriate use of this technical equipment.

4.) Objects are detected at their initial location; this assumption is  
      met when observers record the original location of the animal  
      prior to any evasive movement and when the movement of         
      animals independent of the observer is slow relative to the         
      observer. In 2010, the data indicated responsive movements to  
      observers, moving away from the line prior to detection which  
      could have led to an underestimation in population estimates  
      (Gray et al., 2011). Improved training techniques and rigorous  
      data quality control from 2011 onwards reduced this constraint.  
      Potential bias caused by independent animal movements that  
      are proportionally faster than observer speed can lead to         
      overestimations in population size, although bias caused by         
      responsive movement is generally greater (Glennie et al., 2015).  
      Ungulate species may be considered slower moving due to         
      foraging, resting, and vigilance behaviours (Wong et al., 2019), 

There is one key design assumption and three key model 
assumptions of the distance sampling method 
(Buckland, et al., 2001): 

Distance sampling is a widely applied robust methodology for estimating ungulate population sizes 
(Seber, 1992; Karanth & Nichols, 2002). The method accounts for imperfect detectability, and when 
backed by adequate survey design, data quality control, rigorous training and thorough execution of 
protocol, the key assumptions of the method can be met, leading to reliable population estimates 
(Buckland, et al., 2001).

for example Prayurasiddhi et al. (1997) estimated a mean length of 
daily movement by banteng of 2.5±0.3km, which is less than the ~3km 
transect length that is normally traversed by observers in less than 2 
hours. In addition, for species with movement constrained to lie 
within smaller home ranges, such as the red muntjac (Sukmasuang, 
2001), the independent movement bias is further reduced (Buckland 
et al. 2001). Finally, all observations of animals overtaking observers 
were excluded from the datasets to avoid double-counting animals 
within the same unit of sampling effort (Buckland et al., 2001). 

Given that the most critical assumptions of distance sampling are 
met in this study, any other minor assumptions are generally of little 
consequence (Buckland et al., 2001). The analytical variance of the 
population estimates comprises of three components: (1) uncertainty 
in the estimates of the detection function parameters, (2) variability 
in encounter rate between transects, and (3) variability in the cluster 
size of encountered animals (Buckland et al., 2001, Fewster et al., 
2009; Thomas et al., 2010). Commonly the largest component of the 
variance is in encounter rate variability, as was the case for banteng 
and red muntjac encounters in this study for all years. 
Spatially-explicit modelling approaches could be considered as they 
can explain this type of between-transect variation and therefore 
may reduce variance in estimates considerably (Miller et al., 2013). 
For wild pigs, uncertainty in density estimation was caused, 
approximately equally, by variation in encounter rates and in cluster 
size for most years. Future studies may consider estimating cluster 
densities rather than individual densities for this species to 
compensate for the high variability of cluster size within and 
between survey years.

For reliable estimation of detection functions there should be a 
minimum number of ~60 encounters of individuals or clusters of 
animals (Buckland, et al., 2001). To meet this critical requirement, 
encounter and distance data from the PPWS and SWS and/or from 
subsequent survey years were combined to create a pooled detection 
function (see methods section). Consequently, density estimates can 
then be calculated by stratum (in this case by PA), although bias could 
occur if detectability differs greatly between the PAs and/or years 
(Buckland et al., 2015b). The PPWS has a slightly hillier terrain and 
a larger proportion of denser forest types compared to the SWS (Gray, 
Pollard, et al., 2014), and these conditions could lead to lower 
detectability due to visual obstructions. An overestimation of 
detection probability would lead to an underestimation of population 
size and density. To validate the assumption that detection probability 
in the PPWS and SWS is similar, comparisons between detection 
probabilities were made between transects grouped per proportion 
of habitat type and forest cover. 
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No major differences were found, although small sample size and 
lack of high resolution habitat data would have impacted these 
results (R. Crouthers, November 2019, pers. comm.). 

Pooling data for detection functions across years may be problematic 
if detection probability changes over time, as may be expected if 
vegetation characteristics change or if high and increasing hunting 
pressure leads to antipredator behavioural adaptations and/or 
changes in activity patterns (Croes et al., 2007; Solberg et al., 2010; 
Fragoso et al., 2016). For example, if an increase in gun hunting 
between subsequent survey years would have resulted in reduced 
detectability due to wary behaviour, using a global detection 
function may result in slightly inflated detection probability leading 
to a possible underestimation in the population estimates. However, 
there have been no major forest clearances in the line transect areas 
in the study period, natural predation pressure has actually declined, 
and hunting avoidance behaviour and nocturnal/crepuscular 
movement patterns have been predominant for at least 10 years (R. 
Crouthers, July 2019, pers. comm.). In addition, animals have been 
heavily hunted for decades in the EPL (Loucks et al., 2009), SMART 
records of gun hunting incidents are at similar levels in the study 
period, and behavioural and avoidance adaptations will have little 
effect against the more recent snaring threat (Gray et al., 2018). 

In 2020, Multiple-Covariate Distance Sampling (MCDS) models 
that model the scale parameter of the detection function as a 
function of covariates were tested (Buckland, 2004). Including the 
year or area as a covariate did not improve model fit for any species, 
further confirming the validity of using pooled detection functions in 
this study. Spatial models for distance sampling data provide an 
alternative approach to explore the relation between environmental 
covariates and animal abundance (Buckland, 2004; Miller et al., 
2013). For example, the detection functions created for the 
CDS/MCDS analysis can also be used in a density surface modelling 
approach (Buckland, 2004; Hedley & Buckland, 2004) including 
Generalized Additive Models (GAM) (Wood, 2017). The benefit of 
these types of models is that they can predict spatial distribution 
patterns over a smaller subset of the surveyed area without relying 
on stratification as in CDS, or over a larger or different area then 
originally sampled (Miller et al., 2013), and that these can be 
visualised on maps as a powerful communication tool to inform 
management. GAM can also be used to develop smooth functions to 
assess temporal trends (Buckland, 2004). As these methods are 
rapidly evolving and becoming more readily available to field 
practitioners, they open up an interesting avenue for future 
exploration of this study’s dataset.  
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4.6 Management Recommendations
The steady decline in the globally most significant population of the endangered banteng and of the 
comparatively resilient red muntjac are highly concerning and appear to be reflective of an intensifying 
poaching crisis. The EPL is following a commonly observed defaunation trajectory where larger and rarer 
species disappear first followed by progressively smaller and more common species and eventually 
leading to an ‘empty forest’, with profound negative impact on ecosystem services and human wellbeing 
(Redford, 1992; Belecky, & Gray, 2020). To reverse this worrying trend, and to rewild the ‘Serengeti of 
Asia’, intensive conservation actions are urgently required.

To prevent the rare and rapidly disappearing ungulate species in the 
EPL from following the extinction path of the tiger, the kouprey, and 
the wild water buffalo in Cambodia, a comprehensive ungulate 
recovery programme should be initiated urgently. The extremely low 
encounter rates with gaur, Eld’s deer and sambar, indicate that 
natural recovery of these species may no longer be an option even in 
the unlikely scenario where poaching is completely eliminated. For 
example, Phumanee et al. (2020) demonstrated worryingly low 
population recovery rates for red muntjac, sambar deer, and gaur in 
two PAs in western Thailand despite a tripled patrolling effort and 
demonstrably low poaching levels in the five-year study period and 
attribute this to Allee effects that occur when density levels have 
dropped below a critical threshold (Allee et al., 1949). Therefore, the 
proposed WRZ should also include restocking (i.e. augmentation) 
and an integrated captive breeding component that incorporates 
assisted reproduction where needed. Recovery and breeding in the 
WRZs should be supported through disease control, food 
supplementation, surface water provision and other intensive 
habitat management such as the creation of artificial waterholes and 
salt licks. The WRZs will allow for the recovery of source populations 
to eventually help rewild the entire landscape and provide the enabling 
conditions for the initial release of tigers in the next 5 – 10 years.

Continuing the research on population dynamics and the regular 
estimations of ungulate populations are essential for monitoring 
prey recovery both inside and outside the WRZs. In addition, more 
robust monitoring of key threats and the effectiveness of conservation 
interventions are required to inform timely adaptive management.

These management recommendations and proposed interventions 
will be critical to ensure the survival of two of Asia’s most threatened 
species: banteng and Eld’s deer, and to avoid a rapid wildlife 
depletion trajectory towards becoming an empty forest. They are 
also required if the prestigious tiger reintroduction programme, 
planned by the Royal Government of Cambodia, is to become a 
reality. The large and relatively intact forests of the EPL can be 
restored with the historical diverse assemblage of large mammal 
populations that, in turn, will provide natural capital for sustainable 
socio-economic opportunities for local communities, other 
stakeholders, and the provincial and national governments. This 
natural landscape, facing severe threats to its integrity, is at a tipping 
point, and comprehensive protection of forests and restoration of 
wildlife - a ‘rewilding of the landscape’ - is an urgent priority.
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Current patrolling effort is inadequate in terms of spatial coverage 
and time allocation (Marescot et al., 2019). Furthermore, the 
current number of rangers per square kilometre (0.82/100km2) is 
lower than the optimal ranger density of 2-10/100km2 (Henson et 
al., 2016) and far below those observed in tiger reserves in Nepal 
(12.5-107.29 /100km2) and India (12.5-127.44/100km2) (Walston 
et al., 2010; Harihar et al., 2018). Rangers can be more effectively 
deployed if smaller areas within the PAs are designated as WRZs 
with particularly high levels of protection, including fencing, with 
alarm systems and frequent perimeter patrols for maintenance and 
to stop poachers. These zones could act as ‘safe havens’ for wildlife 
recovery and augmentation. To strengthen the patrolling and 
enforcement of PA law and to foster cooperation and support for 
biodiversity conservation, community members, including members 
of Community Protected Areas, should be fully involved in protection 
efforts. Social and Environmental Impact Assessments and 
Environmental and Social Safeguards will guide responsible imple-
mentation of the WRZs. Effective protection of the WRZs and the 
larger wildlife sanctuary areas requires dedicated and long-term 
commitment of resources.

However, even increasing patrolling effort and patrolling effectiveness 
through infrastructure, through patrol team supplementation with 
community members, through implementation of state-of-the art 
technology, and through high quality training standards, will not be 
fully effective in reducing poaching pressures in the EPL, unless it is 
combined with careful investigations, effective prosecution and 
convictions of the poachers (O’Kelly et al., 2018; Gray et al., 2018; 
Marescot et al., 2019).  Simultaneously, strengthening law enforcement 
actions on illegal wildlife trade (that drives the poaching in the EPL) 
in the provinces around the EPL, and in particular, along the border 
areas being used to supply the demand coming from Viet Nam, will 
be essential. In addition, in-depth consumer research into local and 
regional wild meat consumption and use of wildlife parts should 
inform the development of legislative change, and effective behaviour 
change strategies and targeted outreach aimed at consumer 
demand reduction (Drury, 2011; Challender & MacMillan, 2014; 
Steinmetz et al., 2014).
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The area-weighted mean density and its’ variance was calculated 
following stratified analysis as per Buckland et al. (2001c p. 89 - 91):

ANNEX 1: FORMULAS FOR AREA-WEIGHTED 
                    DENSITY CALCULATIONS

ANNEX 2: UNGULATE ENCOUNTER RATES
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Where D is the area-weighted mean density, A is the total survey 
area, and v is the indication of a geographic stratum, so that Av is 
the stratum-specific survey area and Dv is the stratum-specific 
survey density (i.e. SWS inner core and SWS outer core).

With Variance calculated with the following formula:

Where z_α is the upper α point of the N(0,1) distribution (zα is z0.025 
= 1.96 for a 95% confidence interval).

Where n is the sample size, s the mean cluster size, and k the number 
or replicate transect lines.

Confidence intervals were calculated using the following formulas 
extracted from S.T. Buckland et al. (2001c p. 76 - 78):

D     zα+- * υar (D)

77 78

Number of clusters (i.e. individuals or groups of animals with a well-defined location for the group centre) and
encounter rate of clusters (clusters per 10km surveyed) for Phnom Prich Wildlife Sanctuary and 
Srepok Wildlife Sanctuary combined, for each distance-sampling based line transect survey (prior to truncation).



stimates of individual densities and population sizes, detection probability, and mean cluster sizes with standard 
error (SE) and 95% confidence interval (CI), for banteng, red muntjac, and wild pig in Phnom Prich Wildlife 
Sanctuary and Srepok Wildlife Sanctuary. 

ANNEX 3: DENSITY AND POPULATION ESTIMATES 
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Length of electrified wire snares and number of lethal traps including snares encountered and removed by SMART 
patrolling teams in PPWS and SWS, distance covered during patrols and the number of lethal traps corrected for 
distance patrolled (number of lethal traps encountered and removed per 100Km patrolled), based on MIST and 
SMART data in the period 2010-2019. 

 ANNEX 4: MIST AND SMART PATROLLING DATA OF PPWS 
                     AND SWS IN 2010-2019
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Ungulate density estimates (±SE) based on distance-sampling based line transect surveys, sources: Nepal 
all parks (DNPWC & DFSC, 2018), Bhutan: Jigme Singye Wangchuck National (Wang, 2010), India: 
Rajai National Park (Harihar et al., 2009), Nandhaur Region (Mann et al., 2013)Pench (Biswas & 
Sankar, 2002), Panna Tiger Reserve (Gopal et al., 2010), Anamalai Tiger Reserve, (Kumaraguru et al., 
2011), Sariska Tiger Reserve (Sankar et al., 2010), Kalakad-Mudanthurai Tiger Reserve (Ramesh et al., 
2012), Manas National Park (Goswami & Ganesh, 2014), Similipal Tiger Reserve (Nayak et al., 2014), 
Ranthambhore National Park (Bagchi et al., 2003), Bhadra Tiger Reserve (Jathanna et al., 2003), 
Western Terai Arc Landscape, India ((Harihar et al., 2014)Cambodia: Keo Seima Wildlife Sanctuary 
(WCS 2019, unpublished results), Viet Nam: Yok Don National Park (WWF Viet Nam, 2019), Indonesia: 
Bukit Barisan Selatan National Park, Sumatra (O’Brien et al., 2003).

ANNEX 5: DENSITY ESTIMATES OF UNGULATE (TIGER PREY) 
                    SPECIES FROM DISTANCE-SAMPLING BASED LINE 
                    TRANSECT SURVEYS IN SOUTH AND SOUTHEAST ASIAN 
                    TIGER RANGE COUNTRIES
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ANNEX 6: LIST OF FIELD ASSISTANTS ON LINE TRANSECT 
                    TEAMS IN 2014, 2016, 2018, AND 2020
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