
B
u

il
d

in
g

 e
vi

d
en

ce

TaxaTaxa

fo
r conservation globally

ThreatenedThreatened
Journal ofJournal of

10.11609/jott.2026.18.5.28739–29002
 www.threatenedtaxa.org 

26 May 2026 (Online & Print)
18(5): 28739–29002

ISSN 0974-7907 (Online) 
ISSN 0974-7893 (Print)

Open Access

Years



EDITORS

Founder & Chief Editor 
Dr. Sanjay Molur
Wildlife Information Liaison Development (WILD) Society & Zoo Outreach Organization (ZOO), 
Coimbatore, Tamil Nadu 641006, India

Assistant Editor 
Dr. Chaithra Shree J., WILD/ZOO, Coimbatore, Tamil Nadu 641006, India

Managing Editor 
Mr. B. Ravichandran, WILD/ZOO, Coimbatore, Tamil Nadu 641006, India

Associate Editors 
Dr. Mandar Paingankar, Government Science College Gadchiroli, Maharashtra 442605, India 
Dr. Ulrike Streicher, Wildlife Veterinarian, Eugene, Oregon, USA
Ms. Priyanka Iyer, ZOO/WILD, Coimbatore, Tamil Nadu 641006, India

Board of Editors 
Dr. Russel Mittermeier
Executive Vice Chair, Conservation International, Arlington, Virginia 22202, USA

Prof. Mewa Singh Ph.D., FASc, FNA, FNASc, FNAPsy
Ramanna Fellow and Life-Long Distinguished Professor, Biopsychology Laboratory, and 
Institute of Excellence, University of Mysore, Mysuru, Karnataka 570006, India; Honorary 
Professor, Jawaharlal Nehru Centre for Advanced Scientific Research, Bangalore; and Adjunct 
Professor, National Institute of Advanced Studies, Bangalore 

Stephen D. Nash
Scientific Illustrator, Conservation International, Dept. of Anatomical Sciences, Health Sciences 
Center, T-8, Room 045, Stony Brook University, Stony Brook, NY 11794-8081, USA

Dr. Fred Pluthero
Toronto, Canada

Dr. Priya Davidar 
Sigur Nature Trust, Chadapatti, Mavinhalla PO, Nilgiris, Tamil Nadu 643223, India

Dr. John Fellowes
Honorary Assistant Professor, The Kadoorie Institute, 8/F, T.T. Tsui Building, The University of 
Hong Kong, Pokfulam Road, Hong Kong

Prof. Dr. Mirco Solé
Universidade Estadual de Santa Cruz, Departamento de Ciências Biológicas, Vice-coordenador 
do Programa de Pós-Graduação em Zoologia, Rodovia Ilhéus/Itabuna, Km 16 (45662-000) 
Salobrinho, Ilhéus - Bahia - Brasil

Dr. Rajeev Raghavan
Professor of Taxonomy, Kerala University of Fisheries & Ocean Studies, Kochi, Kerala, India

English Editors 
Mrs. Mira Bhojwani, Pune, India 
Dr. Fred Pluthero, Toronto, Canada 

Copy Editors 
Ms. Usha Madgunaki, Zooreach, Coimbatore, India 
Ms. Trisa Bhattacharjee, Zooreach. Coimbatore, India 
Ms. Paloma Noronha, Daman & Diu, India

Web Development
Mrs. Latha G. Ravikumar, ZOO/WILD, Coimbatore, India

Typesetting
Mrs. Radhika, Zooreach, Coimbatore, India
Mrs. Geetha, Zooreach, Coimbatore India

Fundraising/Communications
Mrs. Payal B. Molur, Coimbatore, India

Subject Editors 2021–2023

Fungi 

Dr. B. Shivaraju, Bengaluru, Karnataka, India 
Dr. R.K. Verma, Tropical Forest Research Institute, Jabalpur, India
Dr. Vatsavaya S. Raju, Kakatiay University, Warangal, Andhra Pradesh, India 
Dr. M. Krishnappa, Jnana Sahyadri, Kuvempu University, Shimoga, Karnataka, India
Dr. K.R. Sridhar, Mangalore University, Mangalagangotri, Mangalore, Karnataka, India
Dr. Gunjan Biswas, Vidyasagar University, Midnapore, West Bengal, India
Dr. Kiran Ramchandra Ranadive, Annasaheb Magar Mahavidyalaya, Maharashtra, India

Plants 

Dr. G.P. Sinha, Botanical Survey of India, Allahabad, India
Dr. N.P. Balakrishnan, Ret. Joint Director, BSI, Coimbatore, India 
Dr. Shonil Bhagwat, Open University and University of Oxford, UK 
Prof. D.J. Bhat, Retd. Professor, Goa University, Goa, India 
Dr. Ferdinando Boero, Università del Salento, Lecce, Italy 
Dr. Dale R. Calder, Royal Ontaro Museum, Toronto, Ontario, Canada 
Dr. Cleofas Cervancia, Univ. of Philippines Los Baños College Laguna, Philippines 
Dr. F.B. Vincent Florens, University of Mauritius, Mauritius 
Dr. Merlin Franco, Curtin University, Malaysia 
Dr. V. Irudayaraj, St. Xavier’s College, Palayamkottai, Tamil Nadu, India 
Dr. B.S. Kholia, Botanical Survey of India, Gangtok, Sikkim, India 
Dr. Pankaj Kumar, Department of Plant and Soil Science, Texas Tech University, Lubbock, Texas, USA.
Dr. V. Sampath Kumar, Botanical Survey of India, Howrah, West Bengal, India 
Dr. A.J. Solomon Raju, Andhra University, Visakhapatnam, India 
Dr. Vijayasankar Raman, University of Mississippi, USA
Dr. B. Ravi Prasad Rao, Sri Krishnadevaraya University, Anantpur, India 
Dr. K. Ravikumar, FRLHT, Bengaluru, Karnataka, India
Dr. Aparna Watve, Pune, Maharashtra, India
Dr. Qiang Liu, Xishuangbanna Tropical Botanical Garden, Yunnan, China
Dr. Noor Azhar Mohamed Shazili, Universiti Malaysia Terengganu, Kuala Terengganu, Malaysia
Dr. M.K. Vasudeva Rao, Shiv Ranjani Housing Society, Pune, Maharashtra, India 
Prof. A.J. Solomon Raju, Andhra University, Visakhapatnam, India
Dr. Mandar Datar, Agharkar Research Institute, Pune, Maharashtra, India
Dr. M.K. Janarthanam, Goa University, Goa, India
Dr. K. Karthigeyan, Botanical Survey of India, India
Dr. Errol Vela, University of Montpellier, Montpellier, France
Dr. P. Lakshminarasimhan, Botanical Survey of India, Howrah, India
Dr. Larry R. Noblick, Montgomery Botanical Center, Miami, USA
Dr. K. Haridasan, Pallavur, Palakkad District, Kerala, India
Dr. Analinda Manila-Fajard, University of the Philippines Los Banos, Laguna, Philippines
Dr. P.A. Sinu, Central University of Kerala, Kasaragod, Kerala, India
Dr. Afroz Alam, Banasthali Vidyapith (accredited A grade by NAAC), Rajasthan, India
Dr. K.P. Rajesh, Zamorin’s Guruvayurappan College, GA College PO, Kozhikode, Kerala, India
Dr. David E. Boufford, Harvard University Herbaria, Cambridge, MA 02138-2020, USA
Dr. Ritesh Kumar Choudhary, Agharkar Research Institute, Pune, Maharashtra, India
Dr. A.G. Pandurangan, Thiruvananthapuram, Kerala, India
Dr. Navendu Page, Wildlife Institute of India, Chandrabani, Dehradun, Uttarakhand, India
Dr. Kannan C.S. Warrier, Institute of Forest Genetics and Tree Breeding, Tamil Nadu, India

Invertebrates 

Dr. R.K. Avasthi, Rohtak University, Haryana, India 
Dr. D.B. Bastawade, Maharashtra, India
Dr. Partha Pratim Bhattacharjee, Tripura University, Suryamaninagar, India 
Dr. Kailash Chandra, Zoological Survey of India, Jabalpur, Madhya Pradesh, India 
Dr. Ansie Dippenaar-Schoeman, University of Pretoria, Queenswood, South Africa
Dr. Rory Dow, National Museum of natural History Naturalis, The Netherlands 
Dr. Brian Fisher, California Academy of Sciences, USA
Dr. Richard Gallon, llandudno, North Wales, LL30 1UP
Dr. Hemant V. Ghate, Modern College, Pune, India 
Dr. M. Monwar Hossain, Jahangirnagar University, Dhaka, Bangladesh

ISSN 0974-7907 (Online); ISSN 0974-7893 (Print)

Publisher 	  Host 
Wildlife Information Liaison Development Society 	 Zoo Outreach Organization
www.wild.zooreach.org 	 www.zooreach.org

Srivari Illam, No. 61, Karthik Nagar, 10th Street, Saravanampatti, Coimbatore, Tamil Nadu 641035, India
Registered Office: 3A2 Varadarajulu Nagar, FCI Road, Ganapathy, Coimbatore, Tamil Nadu 641006, India

Ph: +91 9385339863 | www.threatenedtaxa.org
Email: sanjay@threatenedtaxa.org

continued on the back inside cover

Cover: Oil painting of Humpback Whale Megaptera novaeangliae. © R. Mahesh.

For Focus, Scope, Aims, and Policies, visit https://threatenedtaxa.org/index.php/JoTT/aims_scope
For Article Submission Guidelines, visit https://threatenedtaxa.org/index.php/JoTT/about/submissions
For Policies against Scientific Misconduct, visit https://threatenedtaxa.org/index.php/JoTT/policies_various

https://www.threatenedtaxa.org
https://threatenedtaxa.org/index.php/JoTT/aims_scope


28739

Editor: Bhargavi Srinivasulu, Zoo Outreach Organisation, Hyderabad, Telangana, India.	 Date of publication: 26 May 2026 (online & print)

Citation: Nguyen, M.T.A., T.T.B. Vo, Q.T. Le, V.T. Nguyen, V.L. Nguyen, R.J. Timmins & A.J. Giordano (2026). Large mammal diversity of Vietnam’s Chu Yang Sin 
National Park and the first experimental assessment of their vulnerability to snaring. Journal of Threatened Taxa 18(5): 28739–28749. https://doi.org/10.11609/
jott.9807.18.5.28739-28749
  
Copyright: © Nguyen et al. 2026. Creative Commons Attribution 4.0 International License. JoTT allows unrestricted use, reproduction, and distribution of this 
article in any medium by providing adequate credit to the author(s) and the source of publication.

Funding: Conservation Leadership Programme (Project No. 03121520), Saola Working Group – Women for Annamites Conservation Fund (awarded on July 2018), 
and Nong Lam University – Ho Chi Minh City (Project No. CS-CB21-MTTN-08), S.P.E.C.I.E.S. 

Competing interests: The authors declare no competing interests.

Author details, Author contribution, Acknowledgments & Vietnamese abstract: See end of this article.

Large mammal diversity of Vietnam’s Chu Yang Sin National Park and the 
first experimental assessment of their vulnerability to snaring

Minh Thi Anh Nguyen 1         , Thuy Thi Bich Vo 2         , Quy Tan Le 3         , Vy Tran Nguyen 4         , Vu Linh Nguyen 5         , 
R.J. Timmins 6          & Anthony J. Giordano 7          

1 Department of Fish, Wildlife and Conservation Biology, Warner College of Natural Resources, Colorado State University, Fort Collins, 
CO 80523, USA. 

2,5 Faculty of Environment and Natural Resources, Nong Lam University – Ho Chi Minh City, Thu Duc City, Ho Chi Minh City 70000, Viet Nam.
1,6 Saola Foundation for Annamite Mountains Conservation, Milwaukee, WI 53208, USA.

3 Center for Ecology and Resources, Institute of Advanced Technology, Viet Nam Academy of Science and Technology, 
1B TL 29, Thanh Loc Ward, District 12, Ho Chi Minh City, Viet Nam.

4 Institute of Life Sciences, Vietnam Academy of Science and Technology, District 3, Ho Chi Minh City, Viet Nam.
4,7 S.P.E.C.I.E.S. – The Society for the Preservation of Endangered Carnivores and their International Ecological Study, Ventura, CA 93006, USA.

7 Center for Human-Carnivore Coexistence, Colorado State University, Fort Collins, CO 80523, USA.
1 minh.nguyen@colostate.edu (corresponding author), 2 thuy.vothibich@hcmuaf.edu.vn, 3 tanquyle.2409@outlook.com, 

4 vychim@gmail.com, 5 vu.nguyenlinh@hcmuaf.edu.vn, 6 rjtimmins@saolafoundation.org, 7 species1@hotmail.com 

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 May 2026 | 18(5): 28739–28749

ISSN 0974-7907 (Online) | ISSN 0974-7893 (Print)  

https://doi.org/10.11609/jott.9807.18.5.28739-28749

#9807 | Received 10 February 2026 | Final received 09 March 2026| Finally accepted 16 April 2026

OPEN 
ACCESS

Abstract: The Annamite Mountains of Indochina have high mammal endemism but also face a mammalian extinction crisis, primarily from 
the indiscriminate use of snares. Chu Yang Sin National Park in the southern Annamites of Vietnam is one of the few forests in Vietnam 
where the Critically Endangered Annamite endemic Large-antlered Muntjac is predicted to be present. The objectives of this study were to 
experimentally investigate and quantify the relative impact of snaring on local mammal populations by using camera trapping, with a focus 
on muntjac, and to provide a checklist of the large mammal species of the park. In 2020, a preliminary survey was executed to determine 
a study site in the park by observing the prevalence of signs indicative of large mammals. From December 2020 to February 2021, a 515-
m long simulated continuous snare-line was constructed at the study site by five experienced local hunters. Camera-traps were then set 
up along 240-m of the snare-line to monitor animal movement. A total of 4,747 working camera-trap nights were logged and recorded 
the Large-antlered Muntjac and 10 other large mammal species along the snare-line. It was found that the Large-antlered Muntjac was 
more vulnerable to snares relative to the other mammals detected, exhibiting the highest probability of being ‘captured’ by a snare if an 
individual animal encountered the snare-line (p = 0.67). The finding suggests, as already theorized, that prolonged exposure to a snare-line 
will greatly reduce local large mammal populations, because with repeated encounters by an individual animal, the probability of capture 
increases close to p = 1. The study demonstrates here for the first time how some species are potentially more susceptible to snaring than 
others. Building on the experimental approach, future research could yield new insights into managing snare hunting more efficiently, 
using more data from other locations and over longer periods.   

Keywords:  Annamite Mountains, snare, Large-antlered Muntjac, tropical forests, Indochina, camera-trapping, poaching. 
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INTRODUCTION

Southeast Asia has some of the richest biodiversity in 
the world (Hall 1998; Sodhi et al. 2010). It encompasses 
four of the 25 global biodiversity hotspots (Myers et al. 
2000), and harbors one of the highest proportions of 
country-endemic mammal species (Sodhi et al. 2010). 
The Annamite Mountains of Indochina are perhaps 
best known for their particularly high levels of mammal 
endemism. This region has seen many extraordinary 
recent discoveries of large mammals (Coudrat 2022). 
Despite receiving significantly increased attention to 
conservation over the past few decades, continued 
survey and research efforts are needed to thoroughly 
investigate and monitor the ecosystems of the Annamite 
Bioregion (Hughes 2017).

The biodiversity of the Greater Annamites Ecoregion 
is experiencing a severe mammal extinction crisis; it 
also currently has the highest proportion of threatened 
species globally, many of which are large mammals 
(Conrad 2012; Duckworth et al. 2012). Forming much of 
the border between Vietnam, Laos, and Cambodia, the 
Annamites have been experiencing high-intensity illegal 
hunting, which is almost singularly driving the depletion 
of the region’s large mammal populations; consequently, 
this is causing the spread of “empty forest syndrome” 
(Corlett 2007; Duckworth et al. 2012; Harrison et 
al. 2016). Given that illegal hunting is behind these 
current population declines (Rija et al. 2020), improved 
knowledge around how it impacts large mammals 
differently may be critical to developing effective and 
nuanced management responses and more effectively 
deploying law enforcement.

Large mammals (following the list noted by 
Duckworth et al. 1999) are hunted by many means, but 
primarily ground-dwelling large mammals are mainly 
hunted in the Annamite Mountains using snares, which 
can be categorized as primarily “opportunistic/passive”, 
based on the way hunters use them (Harrison et al. 
2016; Dobson et al. 2019). Snares are widely employed 
across large areas of tropical forests in the Annamite 
Mountains to meet the intensive demand of domestic 
and international trade markets (Duckworth et al. 
2012). They are easily made from readily available cable 
wires, cheap to make and deploy, resilient for months 
in the forests, require less effort and skill than using a 
gun (per unit of catch), are hard to detect, and can be 
indiscriminate in what species they catch (Harrison et al. 
2016; Gray et al. 2018; Dobson et al. 2019). The use of 
snares can be particularly effective when combined with 
simple “drift fences” made from forest undergrowth, 

which leads to a “snare-line” of alternating fences and 
“snare-gaps” (O’Kelly et al. 2018). Snare-fences function 
as a channeling device, encouraging animals to ‘seek’ 
the ‘gaps’ as a way to pass through the fence, and 
thus encounter the actual snare strategically placed in 
the ‘gap’. Each local hunting team might create several 
kilometers of these snare-lines, altogether incorporating 
hundreds of snares (Harrison et al. 2016). Despite this 
massive effort, many animals that get caught are left to 
die and rot, especially when snares are not checked in 
a timely way or ultimately abandoned by the hunters 
(Gray et al. 2017, 2018). Somewhat counter intuitively, 
snares have been found to be used more intensively in 
very depleted forests relative to those with more intact 
fauna as a way to catch any remaining wildlife in the 
area (Branch et al. 2013); although this may not be a 
widespread phenomenon, especially in the Annamite 
Mountains. Among those cultures where hunting rare 
wildlife is celebrated, and the established norm is 
that “wild meat is healthier than domestic meat”, this 
extinction driver can be a particularly serious challenge 
to overcome (Brodie et al. 2009; Drury 2009; Dobson 
et al. 2019). The primary driver challenging effective 
solutions to snaring in the Annamite Mountains is poor 
legislation and poor enforcement due to a paucity of 
government resources and capacity.

In this study, we conducted the very first experimental 
effort to investigate the impact of snaring on large 
mammal species in the context of events occurring 
at a snare line. A checklist of large mammal species is 
presented for Chu Yang Sin National Park (NP), a critically 
important protected area located in the southern 
Annamite Mountains range of Vietnam. 

Abbreviations:  CR—Critically Endangered | CT—Camera-Trap | EN—
Endangered | LC—Least Concern | MTAN—Minh Thi Anh Nguyen 
| NP—National Park | O—Observation | p(C/Cr)—the probability 
of capture by the theoretical snare noose if the animal crossed the 
snare-gap, as a function of all snare-gap crossing events for a species 
| p(C/E)—the probability of capture by any theoretical snare-noose if 
the animal was detected along the snare-line (snare-line encounter 
event), as a function of all snare-line encounter events for a species 
| p(Cr)—the probability of crossing the snare-gap if the animal 
encountered (was camera-trapped adjacent to) the snare-gap, as 
a function of all snare-gap encounter events for a species | p(E)—
daily encounter rate with the snare-line for a species | p(Sn/E)—the 
probability of encountering at least one snare-gap if the animal was 
detected along the snare-line, as a function of all snare-line encounter 
events for a species | VU—Vulnerable.
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MATERIALS AND METHODS 

Study Area
Chu Yang Sin NP covers an area of 590 km2 in 

southeast Dak Lak Province in southern Vietnam with 
elevations ranging from less than 600 m to 2,442 
m at the summit of Mount Chu Yang Sin (BirdLife 
International 2010) (Image 1). It is part of an extensively 
forested landscape in the southern Annamites, and 
is connected to several other protected areas, such as 
Bidoup–Nui Ba National Park to the south. Chu Yang Sin 
NP harbours exceptionally high biodiversity: its diverse 
forest types are home to at least 65 mammals, 250 birds, 
112 amphibians and reptiles, 81 fish, and 248 butterflies 
species (BirdLife International 2010). Chu Yang Sin NP is 
one of only a few areas in Vietnam that may still hold a 
viable population of Large-antlered Muntjac Muntiacus 
vuquangensis, a ‘Critically Endangered’ (CR) ungulate 
endemic to the region (Timmins et al. 2016). Although 
there had been no further records of the species in 

the park since 2009, there had also not been sufficient 
survey effort in the intervening period. It was believed 
that extensive suitable habitat, and its connection with 
large, protected forested areas, would have helped 
increase the probability that Large-antlered Muntjac 
persist in the park. It was also determined that for this 
reason, Chu Yang Sin NP was a potential site for the 
present study on the impact of snaring, with a particular 
focus on the species.

Snare experimental design
 From 27 August to 02 September 2020, Minh Thi 

Anh Nguyen (MTAN) conducted a pilot survey to identify 
a field site inside Chu Yang Sin NP for the experimental 
snare-line project. The survey involved walking a 58 km 
route spanning various habitats at elevations ranging 
750–1,300 m to record large mammal signs. Positive 
indications included direct species observations, 
frequent sightings of fresh tracks, and a diversity of track 
types, reflecting the presence of a diverse assemblage 

Image 1. Location of Chu Yang Sin National Park and the study site. The location of the simulated snare-line within Chu Yang Sin National Park is 
shown in the upper right inset; note shading reflects elevation with yellow highest and purple lowest. The simulated snare-line (main figure) was 
in reality relatively straight with regular placement of snare-gaps, but errors in GPS location coordinates give rise to an irregular alignment and 
placement of snare-gaps in the figure; all snare-gaps were at least 10 m apart.  Scale bar and coordinates relate to the main figure only.
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of mammal species. From 10–18 December 2020, work 
was conducted with local communities to identify five 
experienced hunters and learn about their snaring 
methods. At the field site, each hunter independently 
walked us through what a “real snare-line setup” would 
entail, even though no actual snares were ever set. 
Hunters explained how and where to set up the snare-line 
and snares, and this information was carefully recorded. 
Following this, all the hunters were asked to agree on 
where to place a single snare-line (Image 1). A typical 
snare-line, of alternating snare-fence and snare-gaps, 
but without actual snares, 515 m long, with 70 snare-
gaps, was then constructed by the hunters. 101 camera-
traps (Covert illuminator) were deployed along 240 m of 
the snare-line, beginning at the 28th snare-gap from the 
starting location of its construction. Two camera-traps in 
video mode, one on either side of the snare-line were 
used for monitoring animal movement at 35 consecutive 
snare-gap locations along the snare-line. The remaining 
camera-traps in photo mode were used to monitor 
animal movement along the snare-fence between 
snare-gaps; one camera between successive snare-
gaps, with cameras alternating between the two sides 
of the snare-fence. This setup allowed us to understand 
which species encountered the snare-line, and whether, 
once encountering the snare-line, an individual animal 
subsequently crossed the snare-line through a snare-
gap (or not), and whether (if they crossed) they would 
have been captured (or not) by putting a foot within 
the simulated (theoretical) snare-noose. All camera-
traps were active between 18 December 2020 and 03 
February 2021 (a total of 4,747 camera-trap nights, 
47 camera-trap nights for each camera-trap unit). 
Consecutive photo and video captures less than 30 min 
apart for the same species, at any camera-trap location, 
were treated as a single snare-line encounter event. If 
there was more than one animal in a photograph or 
other evidence indicating the presence of two animals 
in the event, the single event was divided into a number 
of events equal to the number of animals. Note, there 
was no evidence of detections of individual animals 
at impossibly distant locations in quick succession, 
which would have indicated the presence of spatially 
separated individual animals being counted as a single 
event. The impossible distance is defined as the scenario 
where two photos taken within a 1-min interval cannot 
be captured by two cameras positioned more than 30 
m apart. The exception to this was macaques, which 
proved problematic because they occur as groups 
of multiple individuals; thus, a minimum number of 
certainly different individuals were recorded in an event. 

But this is probably an underestimate of the number of 
actual individuals present at an event. This allowed us 
to calculate the daily encounter rate with the snare-line 
p(E) for an individual animal of each species as the total 
number of events divided by 47 camera-trap nights.  

For analysis of capture probabilities resulting from 
snare-line encounter events, the following protocol was 
used. For each snare-line encounter event (i.e., captured 
by any camera-trap adjacent to the snare-fence and or 
snare-gap within a 30-min period), the outcome of an 
individual animal’s interaction with snare-gaps, and the 
simulated (theoretical) snare-noose at each snare-gap, 
was recorded. This included recording how many snare-
gaps the animal encountered (snare-gap encounter 
event), and for each one, recording firstly whether 
it crossed the snare-gap (with potential outcomes 
recorded as - yes/no/unclear), and secondly, if it did 
cross the snare-gap, whether it put a foot within the 
simulated (theoretical) snare-noose (with potential 
outcomes recorded as — yes/no/unclear). In one snare-
line encounter event, an individual animal might cross 
snare-gaps multiple times; for this analysis, each was 
counted as an independent ‘snare-gap crossing’ event, 
and for each such event, the outcome with regard to 
putting a foot within the simulated snare-noose was 
recorded. In the rare event of an animal crossing a 
snare-gap, and then subsequently in the same event 
recrossing the very same snare-gap (from the opposite 
side of the fence), this was treated as an additional 
snare-gap encounter event, with the outcome relative 
to the simulated snare-noose recorded for that event. 
Probabilities of theoretical capture in the simulated 
snare-noose p(C/E) were thus calculated as:

       Total number of times the species crossed snare - gaps for all 
snare - line encounter events

p(Cr) = –––––––––––––––––––––––––––––––––––––––––––––––––––
        Total number of snare - gaps the species encountered for all    

 snare - line encounter events

    Total number of times the species stepped into the simulated  
   snare noose (was captured) for all snare - line encounter events

p(C/Cr) = –––––––––––––––––––––––––––––––––––––––––––––––––
        Total number of times the species crossed snare-gaps for all 

snare - line encounter events

  Number of snare - line encounter events the animal encountered at 
least one snare-gap

p(Sn/E) = –––––––––––––––––––––––––––––––––––––––––––––––––
        Total number of snare - line encounter events

p(C/E) = p(Sn/E)p(Cr)p(C/Cr)

where p(Cr) is the probability of the animal crossing 
the snare-gap if the animal encountered (was camera-
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trapped adjacent to) the snare-gap; p(C/Cr) is the 
probability of capture by the theoretical snare-noose 
if the animal crossed the snare-gap; p(Sn/E) is the 
probability of the animal encountering at least one 
snare-gap per snare-line encounter event; p(C/E) is the 
probability of being captured by the theoretical snare-
noose per snare-line encounter event.

RESULTS AND DISCUSSION

Species detected
A total of 4,747 working camera-trap nights identified 

a total of 27 species of birds and mammals along the 
simulated snare-line; 11 of these were large mammals 
(excluding squirrels and treeshrews), two of which are 
classified as ‘Vulnerable’ (VU), and another as CR (Table 
1). In addition, on 02 September 2020, during the pilot 
survey, a group of Black-shanked Douc Pygathrix nigripes 
was observed at 12.31° N, 108.56° E at 0700 h, and a 
male Stump-tailed Macaque Macaca arctoides killed by 
a real snare-line in the study area (Image 2) was brought 
back to the camp by team members, but neither species 
were captured by the camera-traps. 

Although we only surveyed a small area of forest with 
the camera-traps (total ca. 240 m x 10 m = 2.40 ha) for 47 
total nights, this intensive survey (i.e., a high density of 
sampling units) revealed that a good diversity of ground-
dwelling large mammals was still present. This helps 
confirm Chu Yang Sin NP is still potentially important as 
a key protected area for large mammal conservation, 
especially for Annamite endemics like the Large-antlered 
Muntjac, which we successfully documented. Not 
surprisingly, our list of recorded species reflects a similar 
checklist of mammals compiled from a previous camera-
trap survey by BirdLife International (2010) (see Table 1), 
except for the Sambar Rusa unicolor and Large Indian 
Civet Viverra zibetha which we did not detect during the 
survey. A similar pattern of occurrence was also found 
during a recent camera-trap survey in Chu Yang Sin NP 
to investigate more widely the occupancy of mammals 
(Vy T. Nguyen & Anthony J. Giordano, unpub. data). In 
this camera-trap survey, Vy T. Nguyen and Anthony J. 
Giordano recorded four more mammal species including 
Long-tailed Macaque Macaca fascicularis, Asian Brush-
tailed Porcupine Atherurus macrourus, Sunda Pangolin 
Manis javanica, and Lesser Chevrotain Tragulus kanchil 
(see Table 1 & Image 3a–c). Together, findings from 
these surveys provide a representative picture of the 
diversity and abundance of large mammals still present 
in the protected area (Table 2).

This survey is also a commentary on the impact of 
illegal hunting on large mammal populations in Chu Yang 
Sin NP, especially ungulates and carnivores. It was noted 
that high levels of hunting had previously been recorded 
during surveys by Birdlife International between 2006 
and 2009, especially the use of snares. In 2020, for 
example, signs of hunting were observed that included 
areas of forest undergrowth burnt for hunting purposes, 
snare-lines, single snares, and hunting camps; in 
addition, hunters were encountered in the forest almost 
every day during the pilot survey. The carcass of a rotten 
muntjac was observed that had died in an abandoned 
snare-line, and a male Stump-tailed Macaque that 
died similarly. Vy T. Nguyen and Anthony J. Giordano 
recorded a male Northern Red Muntjac Muntiacus 
vaginalis missing his left hind leg on their camera-traps. 
Prolonged and high intensity snare hunting is a primary 
reason for the disappearance of many mammal species 
in the region (Harrison et al. 2016). Carnivore species 
with large home ranges and long ranging movements, 
including Leopard Panthera pardus, Asian Golden Cat 
Pardofelis temminckii, Mainland Clouded Leopard 
Neofelis nebulosa, and Dhole Cuon alpinus, are among 
the most vulnerable to snaring (Gray 2013; Sukmasuang 

Image 2. The carcass of a snared male Stump-tailed Macaque found in 
a real snare-line encountered during the pilot survey. © MTAN.
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et al. 2020; Giordano 2022). Although during 2006–2009, 
surveys conducted by Birdlife International detected 
two individuals of Asian Golden Cats in Chu Yang Sin NP, 
neither this species nor other larger carnivores, including 
Leopard, and Mainland Clouded Leopards, have officially 
been confirmed in southern Vietnam for more than a 
decade (Wilcox et al. 2014; Hoffmann et al. 2019). These 
species probably have been extirpated from the national 
park given that our and the other survey by Vy T. Nguyen 
and Anthony J. Giordano (unpub. data) have failed to 
detect them in Chu Yang Sin NP. 

Populations of large-bodied ungulates are following 
the same declining pattern as the country’s large 
carnivores, including the Large-antlered Muntjac 
(Timmins et al. 2015, 2016). This species has declined 
rapidly in recent years and has now disappeared from 
most of the Annamite landscape (Timmins et al. 2016). 
Recent intensive camera-trapping surveys in Vietnam 
have largely confirmed that remaining Large-antlered 

Table 1. Large mammals recorded in Chu Yang Sin National Park.

Species Scientific name IUCN Red 
List 2023

BirdLife 
International 

2010

Pilot survey 
2020

Snare-line 
experiment 

2021

Vy T. Nguyen 
& Anthony 
J. Giordano 

(unpubl. data)

East Asian Porcupine Hystrix brachyura LC O CT CT

Asian Brush-tailed Porcupine Atherurus macrourus LC CT

Northern Pig-tailed Macaque Macaca leonina VU CT CT CT

Stump-tailed Macaque Macaca arctoides VU CT, O O CT

Long-tailed Macaque Macaca fascicularis EN CT

Black-shanked Douc Pygathrix nigripes CR O O

Southern Yellow-cheeked Gibbon Nomascus gabriellae EN O

Sunda Pangolin Manis javanica CR CT

Mainland Leopard Cat Prionailurus bengalensis LC CT CT CT

Large Indian Civet Viverra zibetha LC CT

Northern Common Palm Civet Paradoxurus hermaphroditus LC CT CT

Masked Palm Civet Paguma larvata LC CT CT

Owston’s Civet Chrotogale owstoni EN O

Yellow-throated Marten Martes flavigula LC CT CT

Ferret Badger Melogale sp(p). LC CT CT

Lesser Chevrotain Tragulus kanchil LC CT

Eurasian Wild Pig Sus scrofa LC CT CT

Sambar Rusa unicolor VU CT CT

Northern Red Muntjac Muntiacus vaginalis LC CT CT CT

Large-antlered Muntjac Muntiacus vuquangensis CR CT CT CT

Western Serow Capricornis sumatraensis VU CT CT

Key: CT—camera-trap detection | O—direct observation | IUCN—International Union for Conservation of Nature | CR—Critically Endangered | EN—Endangered | 
VU—Vulnerable | LC—Least Concern. Note: Scientific and common names used are following Wildlife Conservation Society (WCS) 2024. Only species recorded by 
camera-traps and direct observation in Chu Yang Sin NP are included

Muntjac populations now appear small, fragmented, 
and isolated (Alexiou et al. 2022; Nguyen et al. 2024; 
Tilker et al. in press). The presence of Large-antlered 
Muntjac might suggest a potential source population 
for the recovery of this CR species. This can only occur if 
illegal hunting can be successfully controlled in the very 
near future. Because Chu Yang Sin NP is part of one of 
the largest remaining contiguous forested landscapes in 
Vietnam, connecting with Bidoup–Nui Ba National Park, 
Phuoc Binh National Park, other nature reserves, and 
state forest companies through its eastern and southern 
borders, recovery could have significant ramifications for 
the species’ long-term future.

Species vulnerability to snares
Among all species we detected, we recorded the 

highest encounter rate for Ferret Badger (Melogale sp.) 
(p(E) = 0.91); this was followed by Mainland Leopard 
Cat Prionailurus bengalensis, East Asian Porcupine 
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Table 2. Annotated checklist of large mammal species historically presumed native to Chu Yang Sin National Park.

Name used following WCS (2024) IUCN Red List 
scientific name

Current 
status

Elephas maximus Asian Elephant Elephas maximus EX

Tupaia belangeri Northern Treeshrew Tupaia belangeri Y*

Dendrogale murina Northern Slender-
tailed Treeshrew Dendrogale murina Y*

Galeopterus sp. Indochinese Colugo Galeopterus 
variegatus Y

Nycticebus pygmaeus Pygmy Loris Nycticebus pygmaeus Y

Macaca leonina Northern Pig-tailed 
Macaque Macaca leonina   Y*

Macaca arctoides Stump-tailed Macaque Macaca arctoides Y*

Macaca fascicularis Long-tailed Macaque Macaca fascicularis ?M1

Trachypithecus germaini Indochinese 
Silvered Leaf Monkey [including 
'margarita']

Trachypithecus 
margarita ?M

Pygathrix nigripes Black-shanked Douc Pygathrix nigripes Y

Nomascus gabriellae Southern Yellow-
cheeked Gibbon Nomascus gabriellae Y

Nesolagus timminsi Annamite Striped 
Rabbit Nesolagus timminsi Y

Hystrix brachyura East Asian Porcupine Hystrix brachyura Y*

Atherurus macrourus Asian Brush-tailed 
Porcupine Atherurus macrourus Y

Ratufa bicolor Black Giant Squirrel Ratufa bicolor Y

Callosciurus erythraeus Pallas's Squirrel Callosciurus 
erythraeus Y*

Menetes berdmorei Berdmore's Squirrel Menetes berdmorei ?M

Tamiops rodolphii Cambodian Striped 
Squirrel Tamiops rodolphii ?

Tamiops maritimus Eastern Striped 
Squirrel Tamiops maritimus Y*

Dremomys rufigenis Red-cheeked Squirrel Dremomys rufigenis Y*

Hylopetes spadiceus Red-cheeked Flying 
Squirrel Hylopetes spadiceus ?

Hylopetes alboniger Particolored Flying 
Squirrel Hylopetes alboniger ?

Hylopetes phayrei Phayre's Flying Squirrel Hylopetes phayrei ?

Petinomys setosus White-bellied Flying 
Squirrel Petinomys setosus ?

Belomys pearsonii Hairy-footed Flying 
Squirrel Belomys pearsonii ?

Biswamoyopterus laoensis Lao Giant 
Flying Squirrel 

Biswamoyopterus 
laoensis ?

Petaurista petaurista Red Giant Flying 
Squirrel Petaurista petaurista ?

Petaurista philippensis Indian Giant Flying 
Squirrel Petaurista philippensis Y

Petaurista elegans Lesser Giant Flying 
Squirrel Petaurista elegans Y

Manis pentadactyla Chinese Pangolin Manis pentadactyla ?

Manis javanica Sunda Pangolin Manis javanica Y

Prionodon pardicolor Spotted Linsang Prionodon pardicolor Y

Prionailurus viverrinus Fishing Cat Prionailurus viverrinus ?M

Prionailurus bengalensis Mainland 
Leopard Cat

Prionailurus 
bengalensis Y*

Catopuma temminckii Asian Golden Cat Catopuma temminckii EX

Pardofelis marmorata Marbled Cat Pardofelis marmorata Y

Neofelis nebulosa Mainland Clouded 
Leopard Neofelis nebulosa EX

Panthera pardus Leopard Panthera pardus EX

Panthera tigris Tiger Panthera tigris EX

Name used following WCS (2024) IUCN Red List 
scientific name

Current 
status

Viverra zibetha Large Indian Civet Viverra zibetha Y

Viverricula indica Small Indian Civet Viverricula indica ?M

Paradoxurus hermaphroditus Northern 
Common Palm Civet

Paradoxurus 
hermaphroditus Y*

Paguma larvata Masked Palm Civet Paguma larvata Y*

Arctictis binturong Binturong Arctictis binturong Y

Arctogalidia trivirgata Small-toothed 
Palm Civet Arctogalidia trivirgata Y

Chrotogale owstoni Owston's Civet Chrotogale owstoni Y

Urva javanicus Javan Mongoose Herpestes javanicus ?M

Urva urva Crab-eating Mongoose Herpestes urva Y

Canis aureus Golden Jackal Canis aureus ?M

Cuon alpinus Dhole Cuon alpinus EX

Ursus thibetanus Asian Black Bear Ursus thibetanus Y

Ursus malayanus Sun Bear Helarctos malayanus Y

Mustela kathiah Yellow-bellied Weasel Mustela kathiah Y

Mustela strigidorsa Stripe-backed Weasel Mustela strigidorsa Y

Martes flavigula Yellow-throated Marten Martes flavigula Y*

Arctonyx collaris Greater Hog Badger Arctonyx collaris Y

Melogale personata Large-toothed Ferret 
Badger Melogale personata ?M

Melogale moschata Small-toothed Ferret 
Badger Melogale moschata Y

Lutra lutra Eurasian Otter Lutra lutra Y

Lutra sumatrana Hairy-nosed Otter Lutra sumatrana ?M-EX

Lutrogale perspicillata Smooth-coated 
Otter Lutrogale perspicillata ?M-EX

Aonyx cinereus Oriental Small-clawed 
Otter Aonyx cinereus Y

Rhinoceros sondaicus Javan Rhinoceros Rhinoceros sondaicus EX

Dicerorhinus sumatrensis Sumatran 
Rhinoceros

Dicerorhinus 
sumatrensis EX

Sus scrofa Eurasian Wild Pig Sus scrofa Y*

Tragulus kanchil Lesser Chevrotain Tragulus kanchil Y

Rusa unicolor Sambar Rusa unicolor Y

Muntiacus vaginalis Northern Red 
Muntjac Muntiacus vaginalis Y*

Muntiacus vuquangensis Large-antlered 
Muntjac

Muntiacus 
vuquangensis Y*

Bos gaurus Gaur Bos gaurus Y

Pseudoryx nghetinhensis Saola Pseudoryx 
nghetinhensis ?

Capricornis sumatraensis Western Serow Capricornis 
sumatraensis Y*

Key: Y—Presumed native and still to be present | EX—Presumed to be extirpated 
| ?EX—Possibly extirpated | M—Possibly present, but would be very marginal 
(lowland and open country species) | ?—Presence and distribution (historically 
and at present) are uncertain in the southern Annamites | *—Species detected 
during the study | 1—Although detected by Vy T. Nguyen and Anthony J. Giordani 
(unpub. data, Image 3B), it is unclear if the species is native to Chu Yang Sin NP, 
as animals confiscated from the wildlife trade network in Vietnam are routinely 
released in protected areas, and the habitats in Chu Yang Sin NP are somewhat 
atypical for this species. Note: Presumed historical status was determined by R.J. 
Timmins via reference to a large number of published and unpublished studies 
and other data sources on species distribution and ecological factors relevant 
to compatibility of habitats in Chu Yang Sin NP with species native presence; 
key references included but are not limited to Dang et al. (1994), Duckworth 
et al. (1999), Duckworth & Hills (2008), Francis (2017), Hoffmann et al. (2019), 
Nguyen & Timmins (2020), WCS (2024), along with reference to current IUCN 
Red List species accounts (iucnredlist.org) to provide further data on most likely 
current status.
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Hystrix brachyura, Northern Pig-tailed Macaque Macaca 
leonina, Masked Palm Civet Paguma larvata, and 
Northern Red Muntjac (p(E) varied from 0.17 to 0.11). 
Western Serow Capricornis sumatraensis, Eurasian 
Wild Pig Sus scrofa, and Northern Common Palm Civet 
Paradoxurus hermaphroditus had the lowest encounter 
rates (p(E) 0.02 – 0.06). Large-antlered Muntjac and 
Yellow-throated Marten Martes flavigula also showed 
low encounter rates of p(E) 0.09 and 0.11, respectively 
(Table 3). 

Although our sample size is small for most species, 
our data suggested that overall, most ground-dwelling 
large mammals are vulnerable to snares in some way. 
One of the most compelling results was the apparent 
effectiveness of the construction of the snare-gap in the 
resulting probability of an animal being captured by a 
snare strategically placed in the snare-gap. Every snare-
gap crossing event recorded (n = 25; Table 3), across all 
species (n = 8), with a single exception, resulted in the 
theoretical capture of the animal. In other words, if an 
animal crosses a snare-gap, its probability of capture 
would appear to be very high. However, other factors 
interact to determine the theoretical probability of 
capture at a snare-line; for example, Large-antlered 
Muntjac was the most vulnerable with a high probability 
of capture per snare-line encounter event (p(C/E) = 
0.67), thus although the species’ encounter rate was 
low, theoretically most animals in the vicinity of the 
snare-line were likely to have been captured. Data for 
the Large-antlered Muntjac came mostly from a single 
juvenile animal and one event of an adult female; if the 
snare-line had real snares the probability of capture of 
the juvenile over the entire period would have been 
p(C/E) = 1 (100%). In contrast, Ferret Badger was less 
likely to be captured per event (p(C/E) = 0.18), the high 
encounter rate (p(E) = 0.91) is likely to ensure in reality 
a high probability of being captured over the lifetime of 
the snare-line. Based on our conversations with hunters, 
we know that hunters in Chu Yang Sin NP often abandon 
actual snare-lines after three months, with no snares 
ever being removed from the forest. Interestingly, 
Western Serow, Northern Pig-tailed Macaques, Eurasian 
Wild Pig, and Yellow-throated Marten, all had low 
capture rates with evidence visible on the videos and 
photographs to suggest that behaviour might play a 
crucial role in lowering their susceptibility to being 
captured in snares; including potentially increased 
wariness and active avoidance of the snare-gap, 
avoidance of crossing snare-gaps for other reasons and 
crossing the snare-line by other means (e.g., through the 
fence or climbing vegetation adjacent to the snare-line). Sp
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Image 3. Some mammal species recorded by VT. Nguyen & A. J. 
Giordano (unpublished data): A—Lesser Chevrotain | B—Long-tailed 
Macaque | C—Sunda Pangolin.

For example, in the only encounter of Western Serow 
(one individual) with the snare-line the animal appeared 
to show a high level of caution. It appeared to actively 
avoid crossing the first three snare-gaps that it met, 
attempted but failed to get through/over the vegetation 
of a section of snare-fence, before finally crossing the 
fourth snare-gap, but in a way that avoided placing any 
of its feet within the theoretical snare. Yellow-throated 
Marten tended to move over/through the snare-line by 
climbing trees or jumping over the gap directly, rather 
than going through the center of the snare-gap  (five 
events with eight snare-gaps encountered and one 

crossing but none captured). Northern Red Muntjac 
(at least two different individuals encountered) also 
appeared to show indications of wariness on the videos 
and photographs with the probability of being captured 
four times lower than Large-antlered Muntjac (p(C/E) = 
0.16). The data for Large-antlered Muntjac was largely 
based on a single juvenile animal, and it is plausible 
that significant differences exist in behaviour between 
juveniles and adults. 

This experiment showed important empirical 
evidence supporting the assumption that different 
species display different levels of vulnerability to capture 
in snare-lines. From this it can be theorized that different 
species potentially have very different thresholds to 
‘intensity’ of snaring that affect their population viability. 
Understanding these thresholds potentially opens the 
door to better management of the snaring crisis. Tackling 
the snaring crisis is a highly complex problem, requiring 
both in situ and ex situ interventions at multiple 
levels, with many different stakeholders. Knowledge of 
population viability thresholds can guide conservation 
planning by prioritizing the protection of species most 
sensitive to snaring. Since snares are difficult to detect 
and snare eradication efforts are constrained by limited 
resources, achieving zero snaring is unrealistic at least 
in the short-term. Biodiversity conservation effort and 
resources therefore need to be strategically targeted to 
interventions that prevent local population extirpation of 
priority species. To achieve this, continuously monitoring 
population viability thresholds in response to ‘intensity’ 
of snaring can help answer critical questions about the 
intensity of snaring that could be tolerated to prevent 
species’ local population extirpations. Determining 
the effort and spatial scale required for snare removal 
activities to reduce snare intensity below species 
viability thresholds to ensure the continued survival of 
large mammal populations is essential for guiding law 
enforcement actions. Over the long term, this approach 
can potentially help identify priority areas for in situ 
conservation where targeted snare removal supports 
population recovery.

CONCLUSION

This study is the first of its kind in the world to 
use camera-traps in an innovative context to directly 
simulate the impact of snare hunting on large mammals. 
Although the analysis was simple and the sampling 
period was short, our results yield new insights into the 
snaring crisis and “empty forest syndrome” especially 
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highlighting the potential differential vulnerability 
among species. It is believed that with more replication 
and analysis of larger datasets based on similar 
methods, these approaches may offer promising new 
opportunities to address the snaring crisis. Until such 
time, greatly enhanced, strategic, and highly focused 
law enforcement is needed in critical protected areas 
of Vietnam to effectively mitigate illegal hunting in key 
locations and ultimately prevent widespread extirpation 
of many species, but particularly the Annamite endemic 
species. 

REFERENCES

Alexiou, I., J.F. Abrams, C.N.Z. Coudrat, C. Nanthavong, A. Nguyen, J. 
Niedballa, A. Wilting & A. Tilker (2022). Camera-trapping reveals 
new insights in the ecology of three sympatric muntjacs in an 
overhunted biodiversity hotspot. Mammalian Biology 102(2): 489–
500. https://doi.org/10.1007/s42991-022-00248-0

BirdLife International (2010). The biodiversity of Chu Yang Sin National 
Park, Dak Lak Province, Vietnam. BirdLife International in Indochina, 
Hanoi, Vietnam, 207 pp.

Branch, T.A., A.S. Lobo & S.W. Purcell (2013). Opportunistic 
exploitation: an overlooked pathway to extinction. Trends in 
Ecology & Evolution 28(7): 409–413. https://doi.org/10.1016/j.
tree.2013.03.003 

Brodie, J.F., O.E. Helmy, W.Y. Brockelman & J.L. Maron (2009). 
Functional differences within a guild of tropical mammalian 
frugivores. Ecology 90(3): 688–698. https://doi.org/10.1890/08-
0111.1 

Conrad, K. (2012). Trade bans: a perfect storm for poaching? 
Tropical Conservation Science 5(3): 245–254. https://doi.
org/10.1177/194008291200500302 

Corlett, R.T. (2007). The impact of hunting on the mammalian fauna 
of tropical Asian forests. Biotropica 39(3): 292–303. https://doi.
org/10.1111/j.1744-7429.2007.00271.x 

Coudrat, C.N.Z. (2022). The Annamite Mountains — A Biodiverse 
Ecosystem at Risk: A Case Study in Nakai – Nam Theun National 
Park, Lao P.D.R., pp. 583–596. In: DellaSala, D.A. & M.I. Goldstein 
(eds.): Imperiled: The Encyclopedia of Conservation. Elsevier, 2608 
pp. https://doi.org/10.1016/B978-0-12-821139-7.00080-5

Dang, H.H, V.T. Dao, V.S. Cao, T.A. Pham & M.K. Hoang (1994). Checklist 
of Mammals in Vietnam. Publishing House “Science & Technics”, 
Hanoi, 168 pp. (In Vietnamese)

Dobson, A.D.M., E.J. Milner-Gulland, D.J. Ingram & A. Keane (2019). 
A framework for assessing impacts of wild meat hunting practices 
in the tropics. Human Ecology 47(3): 449–464. https://doi.
org/10.1007/s10745-019-0075-6

Drury, R. (2009). Reducing urban demand for wild animals in Vietnam: 
examining the potential of wildlife farming as a conservation tool. 
Conservation Letters 2(6): 263–270. https://doi.org/10.1111/
j.1755-263X.2009.00078.x 

Duckworth, J.W., R.E. Salter & K. Khounboline (compilers) (1999). 
Wildlife in Lao PDR: 1999 Status Report. IUCN-The World 
Conservation Union / Wildlife Conservation Society / Centre for 
Protected Areas and Watershed Management, Vientiane, 289 pp.

Duckworth, J.W. & D.M. Hills (2008). A specimen of Hairy-nosed Otter 
Lutra sumatrana from far northern Myanmar. IUCN Otter Specialist 
Group Bulletin 25(1): 60–67.

Duckworth, J.W., G. Batters, J.L. Belant, E.L. Bennett, J. Brunner, J. 
Burton, D.W.S. Challender, V. Cowling, N. Duplaix, J.D. Harris, S. 
Hedges, B. Long, S.P. Mahood, P.J.K. McGowan, W.J. McShea, 
W.L.R. Oliver, S. Perkin, B.M. Rawson, C.R. Shepherd, S.N. Stuart, 

B.K. Talukdar, P.P. van Dijk, J-C. Vié, J.L. Walston, T. Whitten & R. 
Wirth (2012). Why South-east Asia should be the world’s priority for 
averting imminent species extinctions, and a call to join a developing 
cross-institutional programme to tackle this urgent issue. Surveys 
and Perspectives Integrating Environment and Society 5(2): 77–95.

Francis, C.M. (2017). Mammals of South-East Asia. Bloomsbury 
Publishing, 128 pp.

Giordano, A.J. (2022). Clouded Leopards (Neofelis sp.): Biology and 
Conservation, pp. 121–136. In: DellaSala, D.A. & M.I. Goldstein 
(eds.). Imperiled: The Encyclopedia of Conservation. Elsevier, 2608 
pp. https://doi.org/10.1016/B978-0-12-821139-7.00213-0 

Gray, T.N.E. (2013). Activity patterns and home ranges of Indochinese 
Leopard Panthera pardus delacouri in the eastern plains Landscape, 
Cambodia. The Natural History Bulletin of the Siam Society 59(1): 
39–47.

Gray, T.N.E., A.C. Hughes, W.F. Laurance, B. Long, A.J. Lynam, H. 
O’Kelly, W.J. Ripple, T. Seng, L. Scotson, N.M. Wilkinson (2018). 
The wildlife snaring crisis: an insidious and pervasive threat to 
biodiversity in southeast Asia. Biodiversity and Conservation 27(4): 
1031–1037. https://doi.org/10.1007/s10531-017-1450-5 

Gray, T.N.E., A.J. Lynam, T. Seng, W.F. Laurance, B. Long, L. Scotson & 
W.J. Ripple (2017). Wildlife-snaring crisis in Asian forests. Science 
355(6322): 255–256. https://doi.org/10.1126/science.aal4463 

Hall, R. (1998). The plate tectonics of Cenozoic SE Asia and the 
distribution of land and sea, pp. 99–131. In: Hall, R. & J.D. Holloway 
(eds.). Biogeography and Geological Evolution of SE Asia. Backhuys 
Publishers, Leiden, 445 pp.

Harrison, R.D., R. Sreekar, J.F. Brodie, S. Brook, M. Luskin, H. O’Kelly, 
M. Rao, B. Scheffers & N. Velho (2016). Impacts of hunting on 
tropical forests in southeast Asia. Conservation Biology 30(5): 972–
981. https://doi.org/10.1111/cobi.12785 

Hoffmann, M., A. Abramov, H.M. Duc, L.T. Trai, B. Long, A. Nguyen, 
T.S. Nguyen, B. Rawson, R.J. Timmins, V.B. Tran & D. Willcox (2019). 
The status of wild canids (Canidae, Carnivora) in Vietnam. Journal of 
Threatened Taxa 11(8): 13951–13959. https://doi.org/10.11609/
jott.4846.11.8.13951-13959 

Hughes, A.C. (2017). Understanding the drivers of Southeast Asian 
biodiversity loss. Ecosphere 8(1): 1–33. https://doi.org/10.1002/
ecs2.1624 

IUCN (2023). The IUCN Red List of Threatened Species. Version 2023-1. 
https://www.iucnredlist.org. Accessed on 02.iv.2025.

Myers, N., R.A. Mittermeier, C.G. Mittermeier, G.A.B. da Fonseca 
& J. Kent (2000). Biodiversity hotspots for conservation priorities. 
Nature 403(6772): 853–858. https://doi.org/10.1038/35002501 

Nguyen, A., A. Tilker, D. Le, J. Niedballa, L. Pflumm, X.H. Pham, V.S. 
Le, H.T. Luu, V.B. Tran, S. Kramer-Schadt, R. Sollmann & A. Wilting 
(2024). Ground‐dwelling mammal and bird diversity in the southern 
Annamites: Exploring complex habitat associations and the ghost 
of past hunting pressure. Conservation Science and Practice 6(4): 
e13093. https://doi.org/10.1111/csp2.13093 

Nguyen, T.A.M. & R.J. Timmins (2020). Yellow-bellied Weasel 
Mustela kathiah breeding in peri-urban Dalat City, southern 
Vietnam. Small Carnivore Conservation 58: 90–95 [e58002]. 
https://smallcarnivoreconservation.com/index.php/sccg/issue/
view/234/63 

O’Kelly, H.J., J.M. Rowcliffe, S. Durant & E.J. Milner‐Gulland (2018). 
Experimental estimation of snare detectability for robust threat 
monitoring. Ecology and Evolution 8(3): 1778–1785. https://doi.
org/10.1002/ece3.3655 

Rija, A.A., R. Critchlow, C.D. Thomas & C.M. Beale (2020). Global 
extent and drivers of mammal population declines in protected 
areas under illegal hunting pressure. PLOS ONE 15(8): e0227163. 
https://doi.org/10.1371/journal.pone.0227163 

Sodhi, N.S., M.R.C. Posa, T.M. Lee, D. Bickford, L.P. Koh & B.W. Brook 
(2010). The state and conservation of Southeast Asian biodiversity. 
Biodiversity and Conservation 19(2): 317–328. https://doi.
org/10.1007/s10531-009-9607-5 

Sukmasuang, R., W. Suksavate, N. Songsasen, N. Khiowsree, K. 
Charaspet, M. Pla-ard, Y. Chanachai, W. Thomas & K. Srinopawan 

https://doi.org/10.1007/s42991-022-00248-0
https://doi.org/10.1016/j.tree.2013.03.003
https://doi.org/10.1016/j.tree.2013.03.003
https://doi.org/10.1890/08-0111.1
https://doi.org/10.1890/08-0111.1
https://doi.org/10.1177/194008291200500302
https://doi.org/10.1177/194008291200500302
https://doi.org/10.1111/j.1744-7429.2007.00271.x
https://doi.org/10.1111/j.1744-7429.2007.00271.x
https://doi.org/10.1016/B978-0-12-821139-7.00080-5
https://doi.org/10.1007/s10745-019-0075-6
https://doi.org/10.1007/s10745-019-0075-6
https://doi.org/10.1111/j.1755-263X.2009.00078.x
https://doi.org/10.1111/j.1755-263X.2009.00078.x
https://doi.org/10.1016/B978-0-12-821139-7.00213-0
https://doi.org/10.1007/s10531-017-1450-5
https://doi.org/10.1126/science.aal4463
https://doi.org/10.1111/cobi.12785
https://doi.org/10.11609/jott.4846.11.8.13951-13959
https://doi.org/10.11609/jott.4846.11.8.13951-13959
https://doi.org/10.1002/ecs2.1624
https://doi.org/10.1002/ecs2.1624
https://doi.org/10.1038/35002501
https://doi.org/10.1111/csp2.13093
https://doi.org/10.1002/ece3.3655
https://doi.org/10.1002/ece3.3655
https://doi.org/10.1371/journal.pone.0227163
https://doi.org/10.1007/s10531-009-9607-5
https://doi.org/10.1007/s10531-009-9607-5


Large mammal diversity of Vietnam’s Chu Yang Sin NP	 Nguyen et al.

Journal of Threatened Taxa | www.threatenedtaxa.org | 26 May 2026 | 18(5): 28739–28749 28749

J TT

Threatened Taxa

(2020). Home range, movement and habitat selection of dholes 
(Cuon alpinus) in Khao Yai National Park, Thailand. Biodiversitas 
21(12): 5915–5926. https://doi.org/10.13057/biodiv/d211257 

Tilker, A., K. Katharina, A. Nguyen, A. Wilting, A. Nguyen, T.A. Nguyen, 
M. Le, T. Nguyen, T. McCormack, B. Pham, L. Nguyen; T. Cao, T. 
Gray, P. Sinovas, O. Robert, C. Coudrat, H. Thien, P. Nguyen, H. Vu, 
T.  Nguyen, A. Maheshwari, O. Wearn, R.J. Timmins, P. Phonesouk, 
V. Sengmany, M. Nguyen, L. Hoang, A. Bousa, Q. Le, T. Vo, R. Gray, 
T. Pham, V. Ha, T. Lo, B. Long & T. Nguyen (in press). Overlooked 
and endangered: status and conservation of the large-antlered 
muntjac Muntiacus vuquangensis. Oryx.

Timmins, R.J., K. Kawanishi, B. Giman, A. Lynam, B. Chan, R. 
Steinmetz, H.S. Baral & N.S. Kumar (2015). Rusa unicolor. The IUCN 
Red List of Threatened Species 2015: E.T41790A85628124. https://
doi.org/10.2305/IUCN.UK.2015-2.RLTS.T41790A22156247.en. 
Downloaded on 29.v.2024. 

Timmins, R.J., J.W. Duckworth, W. Robichaud, B. Long, T.N.E. 
Gray & A. Tilker (2016). Muntiacus vuquangensis. The IUCN Red 
List of Threatened Species 2016: E.T44703A22153828. https://
doi.org/10.2305/IUCN.UK.2016-2.RLTS.T44703A22153828.en. 
Downloaded on 3.iv.2024.

WCS (2024). Wildlife in Lao PDR: 2024 Status Report. Wildlife 
Conservation Society Lao PDR Program, Vientiane, Laos, 211 pp.

Wilcox, D.H.A., P.Q. Tran, D.M. Hoang & A.T.T. Nguyen (2014). The 
decline of non-Panthera cat species in Vietnam. Cat News 8: 53–61.

Author details: Minh Thi Anh Nguyen (MTAN) is a PhD candidate at Colorado 
State University and a research associate at the Saola Foundation, working on 
mammal conservation in Viet Nam and Lao PDR. Thuy Thi Bich Vo (TTBV) is a 
lecturer at Nong Lam University – Ho Chi Minh City and a specialist in eco-tourism. 
Quy Tan Le (QTL) is a field researcher at the Center for Ecology and Resources, 
Institute of Advanced Technology, Viet Nam Academy of Science and Technology 
in Viet Nam. Vy Tran Nguyen (VTN) is the head of the Department of Biological 
Resources, Institute of Life Sciences. Vu Linh Nguyen (VLN) is a lecturer at Nong 
Lam University – Ho Chi Minh City and possess expertise in and environmental 
management and engineering. R.J. Timmins is the technical director at the Saola 
Foundation for Annamite Mountains Conservation, with three decades of field-
work and conservation experience in Indochina. Dr. Anthony J. Giordano (AJG) 
holds the position of CEO and Chief Conservation Scientist at S.P.E.C.I.E.S. with 
more than three decades of field work on carnivores and other mammals; he is 
also an adjunct professor at the Centers of Human-Carnivore Coexistence, and 
Collaborative Conservation, at Colorado State University. 

Author contributions: MTAN and RJT conceived and designed the study. VLN, 
MTAN, and TTBV obtained funding. TTBV obtained permissions for the study in 
CYS, managed logistic and communication with local government and local com-
munities. MTAN and QTL conducted fieldwork, collected and collated data and 
performed the analysis. RJT identified the survey locations for the pre-survey, 
drafted the annotated checklist of large mammal species in CYS, conceptualized the 
data analysis, and revised the manuscript. AJG helped with the writing, significant 
editing, and revision of the manuscript and advised on data analysis and design. 
AJG and RJT helped with the structure and content of the paper. AJG and VTN 
contributed the mammal species list from their wider scale camera trap data in 
CYS in 2022. MTAN led the writing with QTL’s assistance; all authors edited and 
approved the manuscript.

Acknowledgments: We would like to express our gratitude to the Department of 
Agriculture and Rural Development of Dak Lak Province for supporting our project 
and granting permission for fieldwork. We sincerely thank Mr. Do Van Lam, Mr. 
Dang Hung Phi, the Ranger Station 5, especially Mr. Nguyen Viet Hang, and Mr. 
Nguyen of Chu Yang Sin National Park; Mr. Ket, vice head of Cho village; and local 
villagers for assisting field survey.

Tóm tắt: Dãy Trường Sơn trên bán đảo Đông Dương có mức độ đặc hữu thú cao 
nhưng đồng thời cũng đang bị đe dọa tuyệt chủng nghiêm trọng, chủ yếu do săn bắt 
trái phép bằng bẫy dây phanh tràn lan. Ở phía nam của dãy Trường Sơn thuộc Việt 
Nam, Vườn quốc gia Chư Yang Sin là một trong số ít các khu rừng ở nước này 
được dự đoán vẫn còn sự hiện diện của Mang lớn, một loài thú chỉ được ghi nhận ở 
dãy Trường Sơn và đang có tình trạng bảo tồn ở mức Cực kỳ Nguy cấp. Mục tiêu 
của nghiên cứu này là 1/ thực nghiệm điều tra mức độ tác động của bẫy dây phanh 
lên các quần thể thú tại vườn bằng phương pháp bẫy ảnh, tập trung vào các loài 
mang, và 2/ cung cấp một danh lục các loài thú lớn cho vườn. Năm 2020, một khảo 
sát tiền trạm được tiến hành nhằm xác định địa điểm thực nghiệm trong vườn quốc 
gia dựa trên việc ghi nhận các dấu vết gợi ý sự hiện diện của các loài thú lớn. Từ 
tháng 12/2020 đến tháng 02/2021, một tuyến đường bẫy dây mô phỏng dài 515 m 
đã được xây dựng tại địa điểm thực nghiệm bởi năm thợ săn địa phương có kinh 
nghiệm trong vùng. Các bẫy ảnh được lắp đặt sau đó dọc theo 240 m của tuyến 
đường bẫy nhằm theo dõi sự di chuyển của động vật. Các bẫy ảnh hoạt động tổng 
cộng 4.747 đêm đã ghi nhận sự hiện diện của Mang lớn và 10 loài thú lớn khác. 
Nghiên cứu cho thấy Mang lớn dễ bị dính bẫy dây hơn so với các loài thú khác, có 
xác suất “dính bẫy” cao nhất nếu cá thể gặp phải đường bẫy (p = 0,67). Phát hiện 
này củng cố giả thuyết trước đây rằng việc tiếp xúc kéo dài với tuyến đường bẫy sẽ 
làm suy giảm mạnh các quần thể thú lớn, vì khi một cá thể nhiều lần tiếp xúc một 
tuyến đường bẫy, xác suất "dính dẫy" sẽ tăng gần đến p = 1. Nghiên cứu này lần 
đầu tiên cho thấy một cách thực nghiệm rằng các loài khác nhau có mức độ nhạy 
cảm với bẫy dây khác nhau. Dựa trên phương pháp thực nghiệm này, các nghiên 
cứu trong tương lai có thể mang lại những hiểu biết mới nhằm quản lý hoạt động 
săn bắt bằng bẫy dây phanh hiệu quả hơn, thông qua việc kết hợp dữ liệu từ nhiều 
khu vực khác và tiến hành trong thời gian dài hơn.
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