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EDITOR’S NOTE
By James Burton, AWCSG Chair &
Corinne Bailey, AWCSG Programme Officer

the results of a camera trap survey to determine
the relative abundance of banteng and gaur in

Welcome to the fifth issue of BULLetin, the
newsletter of the IUCN SSC Asian Wild Cattle
Specialist Group (AWCSG). In BULLetin, we present novel research on the ecology and conser-

Myanmar. We are also happy to feature a novel
research piece on the ecological determinants of
density patterns of gaur in the Western Ghats of
India.

vation of Asian wild cattle species, and share

As we approach the end of the IUCN quadrenni-

stories about their conservation.

um I wish to share with you the steps ahead. I

This year has certainly been a year for adapting
to new circumstances. I am amazed by people’s
initiative and how much is possible in these
times. Thanks for your continued efforts in conserving Asian wild cattle and buffalos.
At the start of the year, we were lucky to hold a
meeting on tamaraw conservation with Philippine
Congresswoman Sato and government repre-

sentatives from the Biodiversity Management Bureau and the Regional Executive Office for
MIMAROPA. We look forward to doubling our
joint efforts in 2021.
The Saola Working Group has made strong progress with building in-country coordination in Lao
PDR and Vietnam, with two National Coordinators. We are currently preparing for meetings in
early

2021

with

implementing

partners

to

strengthen links and chart a plan for 2021 and
2022. More information is explained in this issue.
Many activities of the Action Indonesia partnership for anoa and banteng have moved online
this year. We have summarised the progress of
this collaboration over the last four years in an
article in this issue.
This issue contains a wide range of reports from
field conservation, including an account of the

application of SMART to conserve tamaraw and
4
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am very pleased to continue as Chair of the
group for a further four years, following the invitation from the Chair of SSC, Jon Paul Rodríguez.
We will soon begin planning our priorities for
2021-24. So do share your ideas of projects you
would like to collaborate on, ways we can work
together, or recommendations of how the group
can operate more effectively. We will be in contact to propose our ideas to you. Membership of

AWCSG will also be updated in the coming
months and so you will need to respond to continue your membership.
I would like to share my thanks to everyone that
have provided articles and news for BULLetin
newsletter, since our first edition two years ago.
Also thanks to Corinne Bailey, Johanna Rode
Margono, Stu Young, Ellen Marandola, Lottie
Siddle and Caitlin Cross for their editorial work to

publish these.
The sixth issue of BULLetin will be published in
mid 2021 and we look forward to receiving your
interesting articles and updates. Get in touch via
social media, our website or contact Corinne at
c.bailey@chesterzoo.org.
We hope you enjoy this issue, and wish you
all a safe end to the year and start of 2021.
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NEWS AND UPDATES
Development of the
Saola Working Group –
refining our approach
By James Burton, AWCSG Chair

The Critically Endangered saola is one of the
highest priorities of AWCSG; it’s found in the
Annamite mountains bordering Vietnam and
Lao PDR. The lack of confirmed records in recent years means collaborative conservation
action is urgently needed. The Saola Working
Group (SWG), a group within AWCSG, has
more than 30 voluntary expert members and a
wide range of supporting partner organisations

from range country NGOs, governments, zoos
and universities. This update explains the
broad approach that the SWG will implement
in the coming two years. We are currently
working with members and partners to define
this in greater detail.
The SWG mission is to work collaboratively to

conserve saola in nature, and to leverage Saola as a flagship for conservation of the biocultural diversity of the Annamite Mountains as
a whole. SWG’s approach is founded on four
critical pillars:
 Knowledge: act as the global repository
for knowledge on saola
 Coordination: developing a co-ordinated
strategy and defining effective methods
 Collaboration: working through implementing partners on the ground to save
saola

 Support: securing funding and support
for priority saola conservation projects
We achieve the first of these by engaging with
partners across detection, in situ protection
and captive breeding to produce a single Saola
Conservation Strategic Plan for 2021-22. Implementation of this One Plan will be coordinated by SWG. SWG members will provide

technical expertise to recommend the most
Juvenile saola. Photo: Jonathan Eames
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and Annamite Mountains conservation.

SWG has developed a new structure to work
We fundraise jointly with partners to increase

more closely with in-country partners. IUCN

the effort for saola detection and other areas

Lao and WWF Vietnam will host two National

of work. To achieve greatest impact, we identi-

Coordinators, who will work with partners to

fy highest priority projects for funding support.

catalyse them to contribute to saola detection
work and also support their efforts where

We recognise the urgent need to secure evi-

needed. The SWG’s Governance Body, Fund-

dence of this unique species through field de-

raising Group and a revised technical advisory

tection, so catalysing all partners in this effort

group will all work closely with the National

is essential. We appreciate that current times

Coordinators to deliver our approach.

are challenging for many of you, but we hope

We are currently working with partners and

that you will continue to support SWG in the

members to update a saola knowledge review

coming years.

to give us the best understanding of the status
of saola and of the efforts already conducted

We collaborate with partners to implement

to detect saola. We are also working with part-

saola detection. This is somewhat different

ners on a plan for saola detection for 2021-22,

from in past years where SWG has also con-

through partner meetings in Vietnam and Lao.

ducted its own detection efforts. We believe

Also, we are reaching out to donors / support-

we can generate greater impact by encourag-

ers to share more news about our exciting

ing partner involvement and aligning and max-

plans for the coming year. Please get in touch

imising effort. So we will now focus our efforts

if you would like to offer support or learn more:

on supporting implementing partners to detect

saolawg@gmail.com

saola to give us a greater chance of successful saola detection.

We would like to thank all members of SWG
and partners for their work and support.

To achieve this approach SWG will:

Thanks to IUCN Lao and WWF Vietnam for

 Raise the profile of saola internationally

their help in hosting the National Coordinators.

 Lead the One Plan Approach to saola con-

Also, thanks to Bill Robichaud and Olivia Petre

servation
 Catalyse saola conservation by implementing partners across the range
 Provide capacity for saola detection efforts
through implementing partners
 Provide facilities for ex situ breeding
 Act as the global knowledge repository to
enable information-led conservation actions

 Achieve positive political support for saola
6
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for their leadership of SWG over the past
years and for the successes they have delivered. We recognise the urgent need to secure
evidence of this unique species through field
detection, so catalysing all partners in this effort is essential. We appreciate that current
times are challenging for many of you, but we
hope that you will continue to support SWG in
the coming years.
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Khe Nuoc Trong Nature

one of the world’s rarest mammals, only de-

Reserve – hope for the

nickname of the ‘Asian Unicorn’. With fewer

scribed to science in 1992, which reasons the
than 250 individuals thought to be remaining in

saola?

the world, they are extremely vulnerable to

By Caitlin Cross, Field Programmes Intern,

threats such as poaching, snaring and habitat

Chester Zoo

loss – destructive action that is strictly prohibit-

Summary of a press release by World Land

ed in the nature reserve.

Trust

Conservationists have monitored the area over

A new nature reserve has been created in

the past decade, using surveys and camera

Dong Chau – Khe Nuoc Trong to protect over

trap data to better understand the biodiversity

40 globally threatened species, including the

of the forest. Their results are encouraging and

Critically

show that other threatened species still exist

Endangered

saola

(Pseudoryx

there, so this means that the saola could still

nghetinhensis).
Conservation body Viet Nature were able
to

secure

the

highest

govern-

ment fortification for the 22,132 hectare forest
– upgrading the watershed protection, which
previously focused on preventing logging in the
area, to include specific mandates for wildlife
conservation.
For the saola, the continued protection of habi-

persist in the area, despite there being no live
records of the species due to their elusive nature. The hope is that with continued legislative
support to decrease the likelihood of hunting,
populations of the saola may increase, contrib-

uting to the conservation of the saola, the Critically

Endangered

under threat.

vital for the survival of the species. They are

Khe Nuoc Trong Nature Reserve, Photo: Viet Nature Conservation Centre
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muntjac

(Muntiacus vuquangensis) and other species

tats such as the Khe Nuoc Trong forest may be

7
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Population decline of

now at such low densities that future monitor-

banteng and gaur in Keo

lation estimates. Rates of decline within KSWS

Seima Wildlife Sanctuary
2010-2020
By Caitlin Cross, Field Programmes Intern,
Chester Zoo
Summary of report: Status of Key Species in
Keo Seima Wildlife Sanctuary 2010-2020.
http://doi.org/10.19121/2020.Report.38511

ing with line transects will not give robust popu(where REDD+ project management was implemented) are likely to be slower than outside
of protected areas, nevertheless this slowed
rate of loss will not be sufficient to retain
healthy populations. Without large ungulates in
KSWS, entire ecosystems would degrade, in
turn degrading the natural resources that many
Cambodians rely on.
The scale of threats to Cambodia’s natural re-

Wildlife Conservation Society (WCS) Cambo-

sources and biodiversity is very high, and hunt-

dia have published a report on the status of

ing is a large threat to banteng and gaur. Man-

key species in Keo Seima Wildlife Sanctuary

agement recommendations are in place, in-

(KSWS) between 2010-2020. This includes fig-

cluding the deployment of anti-snare teams in

ures for banteng (Bos javanicus) and gaur (Bos

areas of high biodiversity. However, to be most

gaurus), which show significant population de-

effective, this must be combined with more di-

clines.

rect intervention due to the severity of the de-

KSWS is composed of a mosaic of habitat
types, spanning a total of 292,690 hectares.
Legal protection was first provided to the area

cline. Captive breeding programmes and patrolled fenced areas may be required to allow
time for species recovery.

in 2002 with the creation of ‘Seima Biodiversity
Conservation Area’, which later became KSWS
in 2016 under the management of the Ministry
of Environment. It has the highest number of
species recorded for any protected area in
Cambodia, with over 1000 species recorded,

75 of which are globally threatened. The site
was surveyed over 10 years using distance
sampling methodology in 40 square transects
throughout the core KSWS area. Each transect
was surveyed multiple times during the survey
season, with teams recording all observations
of 13 key species.
With the exception of the wild pig, all ungulate
species populations within the KSWS were
found to be declining. Banteng and gaur are Banteng, Preah Vihear, Photo:WCS Cambodia
8
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RESEARCH AND REPORTS
Application of Spatial Monitoring and Reporting Tool
(SMART) in tamaraw conservation
By Del Mundo, N1.; Garcia, F.G.2; Schutz E.2; Santos, R.B.2*,Secreto, E3; Slade, J.L.4; and
Tabanggay, M.K.1
1

Tamaraw Conservation Program (TCP) - Department of Environment and Natural Resources (DENR),

2

D’Aboville Foundation and Demo Farm, Inc.,

3

MIBNP Protected Area Management Office - Department of Environment and Natural Resources,

4

Global Wildlife Conservation (GWC)

*

Corresponding author (ronetsantos@gmail.com)

Introduction

Landscape Program. The urgent need to im-

The tamaraw (Bubalus mindorensis) is a Criti-

prove the monitoring capacity of the tamaraw

cally Endangered species of dwarf buffalo

rangers in the field was addressed through

found only on the island of Mindoro in the Phil-

basic actions: provision of patrol gear, use of

ippines. The tamaraw population is currently

GPS devices and printed patrol maps with a

estimated at less than 600 individuals, from an

coding system.

estimated population of

10,000 in

1900

(Harrison 1969 in Long et al, 2018). 80% of the
current population is presumed to be in only
one subpopulation in a restricted area of less
than 3,000 hectares inside the Mts Iglit-Baco
Natural Park (MIBNP), the largest protected
area of the island. Traditional land-use practices from the residing Indigenous Communities
and poaching incidents from lowlander Filipinos are currently the main threats to the viabil-

ity of these subpopulations, limiting their
chance to expand. In such a context, the capacity of rangers to conduct efficient patrols
and collect relevant information is crucial to
determine proper strategies for conservation
and impede the killing of animals.

The formulation of two major plans in 2018
and 2019, the Tamaraw Conservation and
Management Action Plan (TCMAP) 2019 2028 (DENR, 2019) and the MIBNP Protected
Area Management Plan (PAMP) 2019 – 2028
(MIBNP-PAMO, 2020), called for the next step
to upscale these initial attempts. SMART was
already in use by the Philippines Department
of

Environment

and

Natural

Resources

(DENR), through their Lawin Forest and Biodiversity Protection System, led by the Forest
Management Bureau (FMB). The DENR was
eager to expand the use of this technology to
protected areas. MIBNP therefore serves as a
pilot site and the tamaraw as a focus species
to test and establish SMART at a local scale.

Since 2013, the D’Aboville Foundation and

Global Wildlife Conservation (GWC), a DAF-

Demo Farm Inc. (DAF) have been supporting

supporting partner, took the lead in tackling

local authorities in their task to protect the spe-

this task through the provision of support and

cies through its Mangyan-Tamaraw Driven

expertise. GWC is a SMART Partnership

9
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member, supporting the development of the

it difficult to compile and track all the observed

software and capacity building for SMART. Es-

information, develop proper data management,

tablishing SMART in tamaraw conservation is

and consequently visualize, conceptualize and

described in both major plans as a key activity

analyze the data.

to help improve the monitoring of the species
across Mindoro and support the expansion of

Inception and initial workshops

its range from its current distribution (baseline

SMART was first discussed with stakeholders

year: 2019). The implementation of SMART

in Mindoro during the planning processes for

falls under Goal 8 (Strengthen Law Enforce-

both TCMAP and MIBNP PAMP during 2017

ment and Wildlife Crime Prevention of the

and 2018. This was followed by a series of

TCMAP) and Program 4 (Wildlife Crime Pre-

meetings with staff of the Biodiversity Manage-

vention, Law Enforcement, and Compliance) of

ment Bureau and the Regional Office of DENR

the MIBNP PAMP.

for Mindoro’s Provinces in March 2019 to discuss the implementation of SMART for tama-

Baseline situation

raw conservation, and to get a copy of the ex-

Prior to the introduction of SMART, routine

isting SMART database from Lawin. Thereaf-

tamaraw-focused patrols in Mindoro were con-

ter, a GWC and DAF-led team were invited by

ducted by the rangers of the Tamaraw Conser-

the Protected Area Management Board of

vation Program (TCP), a program established

MIBNP (PAMB-MIBNP) to propose and pre-

by the DENR in 1979 (Long et al, 2018). In

sent a plan for implementing SMART in this

MIBNP, DENR forest rangers were conducting

Protected Area.

patrols using CyberTracker and SMART, but
these were focused on forest protection under

The first actions included a series of assess-

Lawin (USAID/BWISER, 2018). There were 23

ments, workshops, training and field-based ac-

TCP rangers in 2018 and eight at the MIBNP

tivities conducted in April and May 2019 in or-

Protected Area Management Office (PAMO).

der to introduce the SMART and its use to both

The TCP rangers conducted patrols in the

the TCP and the MIBNP-PAMO. These activi-

Core Zone of Monitoring (CZM) for the tama-

ties included the creation of a data model suit-

raw and the surrounding buffer area within the

ed specifically for both tamaraw conservation

106,655 hectare natural park. The CZM consti-

and management of the MIBNP, the testing of

tutes about 3% of the park. The rangers moni-

the data model and, at the same time, the

tored and recorded the presence of wildlife as

coaching of the rangers in conducting patrols

well as human activities. They recorded their

using sturdy mobile data collection devices to

observations and submitted these to the TCP

record patrol effort and observations. Data

headquarters. Records were written on paper

managers were selected among the staff and

and maps, using the rangers’ knowledge and

trained together with ranger team leaders and

their navigation skills to position the events, as

head officers. Training concluded with how to

they lacked sufficient equipment, as well as

analyze and use data collected in the field to

structured data collection protocols and a sys-

support information-based decision making

tem to record coordinates. This situation made
10 Research and Reports

and adaptive management in patrol planning.
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Building capacity on the ground

Following this inception phase, both offices
were provided with the necessary equipment to
properly implement SMART through the support of GWC and DAF: One desktop computer
placed at the TCP Office and another one at
the PAMO, one laptop assigned for use at Station 2, where solar power is now available and
12 Blackview BV6000 rugged data collection
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light as it encouraged stronger cooperation between the two offices and stimulated interaction between the field and office personnel.
Joint meetings between TCP and PAMO are
now organized on a regular basis to share data, visualize results of patrol efforts and discuss information collected. The results of analysis inform plans for the next patrol and help to
assess actions needed.

devices, installed with CyberTracker software,

Training and mentorship of TCP and PAMO

for use by the rangers and DAF field team.

staff is a constant, steady, and ongoing pro-

This enabled the rangers to collect field data,
import it into the SMART database, store it first
in the laptop at the Station, and later transfer it
to the TCP and PAMO desktops through a

cess, while rangers and officers are accumulating experience in using the devices and becoming familiar with computer-based systems.
Data Model and Metadata

USB stick. Capacity building involved two complementary layers: (a) training of the rangers

The data model refers to the structure of the

assigned to the field to learn how to use Cyber-

data that is collected during patrols; such as

Tracker to properly record observations and

wildlife or human activities observed. Metada-

import the patrol data to the SMART database,

ta, on the other hand, consists of information

but also how to prepare for patrols and how to

about the protected area; such as stations, pa-

react when confronted with certain situations

trol teams, mandates or patrol types. These

during a patrol, and (b) office-based training

data are not collected during patrols, but are

focusing on data management (creating que-

instead necessary to better analyze patrol data

ries and reports) and using the results for

specific to the efforts of MIBNP.

adaptive management.

The data model in the SMART database of

At a later stage, data managers were taught

TCP and MIBNP PAMO was created based on

how to use the “independent incidents” feature

the data model of DENR’s Lawin system al-

of SMART. This feature allows the recording of

ready in use. Two categories needed to be

data observed outside patrols. For example,

added, as the Lawin data model was designed

when a ranger is off-duty and is doing extra

mainly for forest protection, not wildlife conser-

work as a guide for trekkers. These were rec-

vation or protected area management. One of

orded as independent incidents, which ex-

these categories is “Human Activities”, which

plains why some observations of animals in the

distinguishes between traditional and non-

map (Fig. 5) do not fall within patrol routes.

traditional practices. Traditional practices include the ancestral land uses of the Indigenous

The power of SMART progressively came to
11
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inhabiting

the

park,

while

non-

MIBNP were given the full administrative per-

traditional practices consist of the illegal prac-

missions while data managers were given the

tices which fall outside of the previous defini-

access to analyse and enter data and patrol

tion. The other category is “Biodiversity Moni-

team leaders were given the ability to enter da-

toring” which includes wildlife that are not in the

ta collected from the field. Other rangers were

Lawin list of indicator species of forest health,

not included as SMART users, but trained to

such as the tamaraw.

collect data using CyberTracker using the field

The data model was created through an itera-

devices, with no need to access the database.

tive process, via a series of meetings among

The metadata also included a list of ranger

the rangers and the TCP and MIBNP PAMO

stations, patrol teams, patrol types, and patrol

management. A configurable model, consisting

mandates (with patrolling and monitoring as

of a representation of the data model to easily

the core objective). Maps, similar to those pa-

collect the data with the field devices, was de-

per maps used in the field by rangers, were al-

signed and field tested. The rangers conducted

so designed for the database.

scenario-driven patrols and recorded theoretical observations to determine if the configurable model was complete, appropriate, to identify areas of improvement, and get used to the
process of exporting and importing patrol data

between desktops and field devices.

In the last quarter of 2019, the SMART database was upgraded from SMART 6.1 to
SMART 6.2.3. For security, the mobile devices
were locked, to ensure only the CyberTracker
software would run, to avoid data loss or the
misuse of DENR property. There are plans to

Metadata included a list of all employees who

upgrade the system in the future and shift to

would be using SMART in some capacity. This

SMART Mobile for data collection, which is the

consisted of rangers, data managers, DAF field

latest version of CyberTracker.

staff, and the trainers. Only the TCP Coordinator and the Protected Area Superintendent of

Figure 1. TCP patrol effort in MIBNP (May 2019 - August 2020)
12
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Results

ty that have an impact on tamaraw conserva-

Patrol coverage and effort:

tion. These include any of the illegal activities

Patrols during the 16-month period from May

outlined in Section 20 (Prohibited Acts) of the

2019 to August 2020 covered the trails from

Expanded National Integrated Protected Areas

Station 1 to Station 2, the area within and

System Act of 2018; such as poaching, litter-

around the “Core Zone of Monitoring” where

ing, illegal entry, or the traditional activities of

most of the tamaraws have been observed,

the IPs, which are not regarded as illegal, but

and the area around the Tamaraw Gene Pool

may affect tamaraw conservation if not careful-

(see Patrol routes in Figs 3-5).

ly monitored. The rangers then record the actions that they carry out to address these activ-

The area patrolled so far is confined to the ele-

ities. During patrols rangers also record the

vations from 200 to 1400m and constitute ap-

presence of three important mammals; tama-

proximately twice the area of the CZM or six

raw, Oliver’s warty pig (Sus oliveri), and Philip-

percent of the total area of the park. Some

pine brown deer (Rusa marianna).

higher elevation areas that have not been patrolled will be explored by TCP and DAF in the

If the animals were seen outside patrols these

near future. Patrol efforts from May 2019 to

were recorded as ‘independent incidents’ di-

August 2020 averaged 17 patrols, covering a

rectly in the SMART database so that these

distance of 96 kilometers for all the patrol

can be included in the queries and reports.

teams of TCP and MIBNP per month, or four

Signs of the presence of these animals (dung,

patrols and 24 kilometers per week for all the

tracks, etc.) were only recorded if these were

patrol teams (Fig. 1). Patrol effort, however,

found in areas outside of the ‘Core Zone of

was not consistent. It decreased towards the

Monitoring’ and are therefore evidence of an

end of 2019 due to rangers needing to priori-

increasing range.

tise other non-patrolling related tasks, then

Over a 16-month period, the rangers recorded

slightly increased in the beginning of 2020 be-

evidence of 40 incidents of illegal activity in

fore decreasing again during the start of the

MIBNP, from eight of the 16 classifications of

Covid-19 pandemic, when the Tau buid leader-

threat identified in the SMART data model (Fig.

ship prohibited rangers residing in towns with

2). The locations where these illegal activities

known Covid-19 cases from entering the park.

were observed are shown in Fig. 3. Most of the

Patrol effort has started to increase again in

illegal activities were observed outside the

the last three months, focusing on areas where

Core Zone of Monitoring. The identified loca-

evidence of poaching collected with the

tions of these illegal activities during patrols

SMART system were observed in previous pa-

informed the design of the targeted areas for

trols.

future patrol efforts.

Recorded Observations:
Using CyberTracker installed on mobile devic-

es, rangers record incidents and signs of activi13
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Figure 2. Illegal activities observed and recorded (May 2019 - August 2020)

Figure 3. Locations of observed illegal activities (May 2019 - August 2020)
14
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The rangers also recorded traditional practices

The monthly tamaraw encounter rate averaged

of Indigenous Peoples (Tau buid) in the areas

0.07 individuals per kilometer (1 per 14.3 km)

that they observed during patrols. During the

but this computation included ‘patrols’ conduct-

16-month period, they observed evidence of

ed along the trails from Station 1 to Station 2

five types of traditional activities: kaingin (slash

and Station 3.

and burn agriculture), collection of non-timber
forest products (NTFP), construction of temporary settlements, installation of traps and trap
warning signs (Fig. 4). The majority of these
activities were recorded outside the CZM.
Those that were found inside were discussed
with the Indigenous leaders in the area to determine the strategies for addressing and managing any activity which contravenes the
agreements in place.

Most of the observations of tamaraws were located in the CZM, although there were some
observations outside the CZM. Warty pigs
were observed mostly outside the CZM and
around the Tamaraw Gene Pool Farm, while

Philippine brown deers were observed inside
and outside the CZM.
Recording and Monitoring Actions Taken
All the actions the rangers took were recorded

There were 290 tamaraw, 15 warty pig, and 18

and serious offences were communicated to

Philippine brown deer encounters during pa-

local authorities. The rangers dismantled/

trols from May 2019 to August 2020 (Fig. 5)

destroyed the traps located within the No

Figure 4. Observed traditional activities May 2019 - August 2020.
15
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Figure 5. Mammals Direct Observation points (May 2019 - August 2020). Note: There is usually
more than one tamaraw in an observation point.
Hunting Area and collected materials, such as

cording of patrol effort, observations, and ac-

nylons, that were used for the non-traditional

tions taken during and outside of patrols; and

practice of trapping animals (Table 1).

2) allowed spatial and statistical analyses of
the patrol data to inform further patrol planning

Table 1: Actions taken (May 2019 - August 2020)

and management decisions. Patrol data can
now be queried, analyzed, and visualized in

Number

%

more ways than was shown in this article.

Documented only

37

76%

SMART has so far only been used for patrol-

Collected

7

14%

ling and monitoring, but can also be used in

Dismantled/destroyed

5

10%

Action taken

Total

49

Summary after two years of experience
The implementation of SMART in tamaraw
conservation resulted in two fundamental

changes: 1) it enabled the geo-referenced re16
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ecological monitoring, visitor management, and
in other aspects of protected area management. The way SMART is implemented in
tamaraw conservation can still be improved in
some aspects, such as ensuring better data
quality assessment, better design of predetermined queries and reports used for
monthly, quarterly, or annual reporting and on-

BULLetin

demand queries needed on a daily basis for

quick decision-making.
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SMART Partnership (2019). SMART Technical

Training Manual, SMART 6.

However, the use of SMART for the past 16

USAID/BWISER (2018). The Lawin Forest and

months has provided a baseline that can be

Biodiversity Protection System Manuals.

used in advancing patrol evaluations, impact

Modules 1 to 4. DENR-Forest Manage

monitoring and protected area management

ment Bureau, Quezon City, Philippines

performance in the future.
USAID/BWISER (2018). Lawin Forest and Bio
The establishment of the SMART Technology

diversity Protection System: Procedures

for tamaraw conservation in Mindoro is coordi-

for Responding to Observed Threats in

nated by DAF and GWC with their local part-

Forest Conservation Areas. DENR-Forest

ners thanks to the financial support of the Mo-

Management Bureau, Quezon City, Phili

hamed Bin Zayed Conservation Fund, the Na-

ppines

tional Geographic Society, Berlin Tierpark,
ZGAP and the Association Française des Parc
Zoologiques.
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known. Wharton (1968) cites older literature

abundance, Wild cattle

and provides a map of known localities and

Abstract

probable distribution range of banteng in My-

We conducted a camera trap survey from
March to June 2020 to determine the relative
abundance of banteng and gaur in the North
Zamari Wildlife Sanctuary (NZWS) in Bago region of Myanmar. The photo-captures suggested that the banteng was more widespread than
the gaur, which was restricted to the southern
part of the wildlife sanctuary. We present an
assessment of their status in terms of spatial
occupancy and relative abundance, the threats
they face, and the conservation actions needed to secure their populations in the area. With
increased protection and upon population recovery, NZWS could host a globally significant
population of the endangered banteng.

anmar. He included most of the relatively dry
tropical lowland parts of Myanmar, comprising

of dry and moist deciduous forests, including
the Bago Yoma (Bago mountain range) in the
probable range of banteng. Gaur distribution
overlapped with banteng, but was stated to be
much wider, including the hilly tracts and wet
evergreen forests across Myanmar. Surveys
completed nearly two decades ago indicated
that gaur was widespread and found in 11 out
of 17 sites that were surveyed across Myan-

mar while preparing the National Tiger Action
Plan, while banteng was highly restricted and
was found in only three out of the 17 sites
(Lynam, Khaing and Zaw, 2006; Lynam, 2003).
This list of sites includes the Bago Yoma in the

Introduction

extant range map, but does not consider any

The current population status of gaur (Bos

population in Myanmar as globally significant.

gaurus) and the banteng (Bos javanicus bir-

Also, it considers the banteng population to be

manicus), two species that occurred commonly

generally declining in Myanmar, in line with the

in the past (Wharton 1968, Yin 1955) and still

rest of the banteng range in Southeast Asia.

18
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We conducted camera trap surveys in North

A 10-year logging ban came into effect in Bago

Zamari Wildlife Sanctuary (NZWS), Bago

Yoma in 2017 and forest restoration efforts are

Yoma range in central Myanmar, to determine

being undertaken by the Forest Department.

the diversity of large mammals, and confirm

There is a two-lane road passing through the

the persistence of gaur and banteng in the ar-

NZWS from east to west that has existed long

ea. We also assessed their spatial occupancy

before the NZWS was gazetted in 2014.

and relative abundance. This was a collaborative effort of the Forest Department, WWFMyanmar, and Friends of Wildlife (FOW).

Methods
We conducted a camera trap survey in NZWS,
between March and June 2020, for assessing

Study Area

the diversity of large mammals. An earlier un2

The NZWS has an area of 981 km , and is

published survey conducted in 2018 by the For-

largely comprised of mixed deciduous and dry

est Research Institute (FRI) of Forest Depart-

deciduous forests. It lies on the western side of

ment and FOW showed that large mammals,

the Bago Yoma range, which runs north to

including the two wild cattle species, occurred

south in central Myanmar (Fig. 1). NZWS is se-

in the area (Table 1). We divided NZWS into

verely degraded as a consequence of heavy

63 grid cells of 4 x 4 km2 each and deployed a

logging (often for teak, Tectona grandis) in the

camera trap in each cell to ensure survey cov-

past, accompanied by seasonal fires. Present-

erage of all areas of the sanctuary (Fig. 4a,4b).

ly, it is a vast expanse of secondary growth,

We placed camera traps at or within 500 m of

with a high abundance of bamboo.

the centre point of each cell, in locations expected to be used by wildlife species (along
trails, near stream-beds, etc.). In this way, the
camera traps were evenly distributed and were
approximately 4 km apart from each other. We
assumed that this spacing would be suitable to
cover the individual home ranges of many
large mammals present in the area. Camera
traps remained in the ‘ON’ state throughout the
day (day and night) and 24-hours constituted a
‘trap-day’ of survey effort. Photographic captures were considered ‘independent’ detections
only when animals of the same species were
captured 30-minutes apart, unless they were of
different sex or otherwise clearly individually

Figure 1. The outer boundary of North Zamari Wildlife
Sanctuary (NZWS) laid over Google Earth satellite
imagery showing the relatively abundant vegetation
cover (green) of the Bago Yoma mountain range. The
inset map shows the study area location in Myanmar.
19
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distinguishable.
Results and Discussion

Although 63 camera traps were deployed for
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the survey, data from only 57 camera traps

(involved in different types of activities such as

could be retrieved, as six camera traps were

illegal hunting, illegal logging, and NTFP col-

either destroyed by fire or were stolen. This

lection) were captured in the camera traps.

resulted in a survey effort of 4,267 camera trap
days. 25 species of mammals and 14 species
of birds were detected in the camera traps
(Table 1, Figs. 2 and 3). In addition, domestic

Previously unpublished data from the 2018
survey in NZWS is presented here for comparison with the results from this survey (Table 1).

animals such as dogs, cattle, and humans

Figure 2 (above): Solitary gaur captured in a camera trap in the southern part of NZWS in March 2020.
Figure 3 (below): Female banteng captured in a camera trap in the southern part of NZWS in March 2020.
20
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Table 1. Key characteristics of the camera trap surveys and frequency of banteng detections in North Zamari Wildlife Sanctuary, Bago region, Myanmar.
2018

2020

Number of camera traps deployed

16

63

Number of camera traps retrieved and used in analysis

11

57

82 days (Feb – April
2018)

118 days (Mar – Jun
2020)

Number of medium and large mammal species identified from camera trap photos

15

25

Number of bird species identified from camera trap photos

4

14

Survey characteristics

Survey duration

Other animals, and activities of humans identified from photos

Camera trap effort (trap-days)

Dogs, cattle, humans Dogs, cattle, humans
(illegal hunters, illegal (illegal hunters, illegal
loggers, and NTFPloggers, and NTFPcollectors)
collectors)
4,267

721

Area covered (minimum convex polygon area)

229 km

Number of banteng detections and number of camera trap locations
with detections
Number of gaur detections and number of camera trap locations
with detections

2

4 captures in 3 locations
1 capture

890 km2
25 captures in 11 locations
14 captures in 2 locations

Minimum distance between banteng detections

5.9 km

3.8 km

Maximum distance between banteng detections

20.2 km

48.6 km

Minimum distance between banteng detections

5.9 km

3.8 km

Maximum distance between banteng detections

20.2 km

48.6 km

Due to the increased survey effort in 2020, in

was captured in one location. These results

terms of area covered, camera traps placed,

indicate that the 2020 survey, covering whole

and survey period, banteng and gaur were de-

of NZWS, gave a better representative picture

tected at more locations and more frequently

of the occupancy and relative abundance of

than in the 2018 survey (Table 1; Figs. 4a and

the wild cattle species.

4b). There were 25 independent banteng captures in 11 camera trap locations in 2020, as
opposed to four independent captures in three

camera trap locations in 2018 (Fig. 4a). Out of
eleven locations where banteng were detected
in 2020, solitary animals were recorded in eight
locations and groups of three animals were
recorded in three locations. There were 14 independent captures of gaur in two camera trap
locations in 2020, as compared to a single detection in 2018 (Fig. 4b). Out of the two locations where gaur was detected in 2020, solitary

gaur were found in two locations, and a pair
21
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Banteng were distributed across the length of
NZWS, with a naïve occupancy of 19.3% (Fig.
4a). On the other hand, gaur distribution appeared to be confined to a few locations, with a
naïve occupancy of 3.5% (Fig. 4b). Gaur were
detected only in the southern part of NZWS in
both years. Hunters were recorded in several
camera traps, indicating that hunting pressure
may be high. Furthermore, our survey data
showed that both banteng and gaur cooccurred in southern NZWS, where a single
camera trap captured both the species, although at different times.
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Both the wild cattle species were detected from

camera traps. Habitat loss and hunting are two

early evenings to late mornings (3 PM to 9

major threats to the two wild cattle species

AM), with very few detections between 9 AM to

across their distribution range in Southeast

3 PM during the survey period that is also the

Asia (Gardner et al. 2016). Hunting may be a

hot and dry season (Fig. 5). This concurred

severe threat in NZWS, as hunters were rec-

with the activity patterns reported from many

orded in 26 of the 57 camera trap locations.

sites in Asia where gaur were known to graze

This indicated that both gaur and banteng may-

in the late evenings until late mornings in open

be target species for the hunters in NZWS. In

grasslands (A. Christy Williams, personal ob-

addition, detection of gaur only in the southern

servations). There was no discernible differ-

NZWS in both study years suggested that gaur

ence in activity pattern between banteng and

maybe less resilient to hunting pressure than

gaur, but the limited number of detections of

banteng.

gaur limits the robustness of this comparison.
Threats
Evidence of human activities such as illegal
hunting and illegal logging were detected in

Habitat loss from illegal logging may be a
threat presently. However, the historical habitat
loss may have played a more significant role
than the recent habitat loss for both the species. NZWS comprises mostly of rougher

Figure 4a(left). Camera trap locations that captured banteng in 2018 and 2020 surveys, overlaid on the grid cells surveyed in the two years, and on the NZWS boundary.
Figure 4b(right). Camera trap locations that captured gaur in 2018 and 2020 surveys, overlaid on the grid cells surveyed in the two years, and on the NZWS boundary.
22
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Figure 5: Activity pattern of banteng and gaur inferred from camera trap detections in NZWS in 2020.

terrain and is a less suitable habitat for both

interbreeding is possible and if introgression

species, especially for banteng, which enjoy

occurs.

flatter terrain and is largely a grazer (Gardner

et al., 2016).
As the survey was conducted during the peak
of hot and dry season, low intensity forest fires
were widespread across the sanctuary, with
fire incidents recorded in 29 camera traps.
While low intensity forest fire is not a direct
threat to either species and may even be helpful by creating grazing areas with new shoots,
it creates open areas that provide people with
easy access for hunting, or for farming in the
forest periphery.

Conservation significance of the banteng
population in NZWS
Camera trap photo capture rate (a.k.a detection rate) of banteng from the 2020 survey was
estimated as 0.59 captures per 100 trap-days
of effort. This rate was compared with other
sites in mainland Southeast Asia where suitable data is available to allow the estimation of
capture rates (Table 2). The comparative data

suggests that the banteng population in NZWS
may be substantially lower in abundance than
some of the populations considered globally

Farming was seen in the northern peripheries

significant, such as the Mondulkiri Protection

of NZWS, where banteng presence was also

Forest of Cambodia, and Huai Kha Khaeng

recorded. Farming poses a threat to the wild

Wildlife Sanctuary of Thailand (Phan, Prum

cattle populations where there is overlap with

and Gray 2010, Gray and Phan 2011, Gardner

domestic cattle that can be a source of diseas-

et al. 2016, Saisamorn et al. 2019).

es and parasites. Domestic cattle can also

pose a potential genetic threat to banteng as
23
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Table 2. Camera trap capture (detection) rates of banteng and gaur in North Zamari Wildlife Sanctuary, Myanmar,
in comparison with sites surveyed by various authors across mainland Southeast Asia over the past decade.
Capture rate
Study Sites
No. of
Camera
(No. independent
Study
Reference
independtrap effort
captures / camera
period
ent
trap effort)*100
captures
North Zamari Wildlife
25
4,267
0.59
March to
This study
Sanctuary, Bago region,
June 2020
Myanmar
Green Island, Sambour
31
6,515
0.48
January
Chan et al.
district of Kratie Prov2017 – De2020
ince, Cambodia
cember
2019
Phnom Prich Wildlife
65
2,717
2.39
December
Gray and
B Sanctuary, Mondulkiri
2008 – AuPhan 2011
a
province, Cambodia
gust 2009
n Mondulkiri Protection
160
7,295
2.19
January –
Phan, Prum
t
Forest and Phnom
December
and Gray
e
Prich Wildlife Sanctu2009
2010
n ary, Mondulkiri provg ince, Cambodia
Pang Sida National
7
28,698
0.02
2010 – Feb Ash et al.
Park, Thailand
2017
2020
Ta Phraya National
11
5,764
0.19
2013 Ash et al.
Park, Thailand
2015
2020
Huai Kha Khaeng Wild137
6,225
2.2
Jan – May
Saisamorn
life Sanctuary, Thailand
2013, and
et al. 2019
Jan – May
2015
North Zamari Wildlife
14
4,267
0.33
March to
This study
Sanctuary, Bago region,
June 2020
Myanmar
Phnom Prich Wildlife
9
2,717
0.33
December
Gray and
Sanctuary, Mondulkiri
2008 – AuPhan 2011
province, Cambodia
gust 2009
G
a
u Mondulkiri Protection
26
7,295
0.36
January –
Phan, Prum
r
Forest and Phnom
December
and Gray
Prich Wildlife Sanctu2009
2010
ary, Mondulkiri province, Cambodia
Dong Yai Wildlife Sanc- 119
4,871
2.44
2012 – Feb Ash et al.
tuary, Thailand
2017
2020
Khao Yai National Park, 292
7,621
3.83
2010 –
Ash et al.
Thailand
2016
2020
Pang Sida National
815
28,698
2.84
2010 – Feb Ash et al.
Park, Thailand
2017
2020
Thap Lan National
422
32,955
1.28
2008 – Feb Ash et al.
Park, Thailand
2017
2020
Ta Phraya National
173
5,764
3.0
2013 Ash et al.
Park, Thailand
2015
2020

While the population in Mondulkiri, Cambodia

logged and re-growing rainforest habitats of

is facing a serious threat from intensive and

Borneo (Journeaux et al. 2018).

indiscriminate snaring and other forms of
poaching (Gray et al. 2018), the population in
Huai Kha Khaeng continues to be well protected. The capture rate of banteng in NZWS is

also lower than the populations in the severely
24
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However, the NZWS capture rate is higher than
other sites such as the Ta Phraya National
Park in Thailand (Table 2; Ash et al. 2020).
Moreover, the NZWS population has persisted
despite severe hunting pressure and inade-
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quate conservation attention, and it still has rel-

WWF is currently working with Forest Depart-

atively widespread occupancy in NZWS.

ment to set up Myanmar’s first Ranger Training

This suggests that banteng population recovery is likely and it has potential to become a
significant global population, given protection
and assisted in population recovery through
habitat and population management measures.
The capture rate of gaur in NZWS, as expected, is substantially lower than most populations in Thailand (Ash et al. 2020), but com-

parable to the already suppressed populations
of gaur in Mondulkiri, Cambodia (Table 2).

Institute in NZWS and this will contribute to improved protection for the wildlife in NZWS. Further, we need more robust estimates of banteng and gaur populations in NZWS. Therefore, continuing the camera trapping surveys
regularly is necessary to understand the population sizes, the occupancy dynamics of these
two species, and their response to threats. This

camera trap survey has provided an important
update on the occurrence of 25 species of
mammals, as well as the extent of key threats.

We acknowledge that the camera trap detec-

It is our expectation that this information will be

tion rate is not a robust indicator of animal

used by the Myanmar Forest Department to

abundance, particularly for cross-site compari-

take management actions to secure the viabil-

sons, given the differences in detection proba-

ity of the banteng and gaur populations in the

bility, vegetation cover, incomparable survey

area. With increased protection and upon pop-

design, and other influencing factors among

ulation recovery, this area could host a globally

the different sites. However, given that the ef-

significant population of banteng.

fort to estimate more robust indices of abundance is yet to begin in NZWS, and the general
paucity of data on local population abundance
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the habitat conditions available for gaur. Our

sampling; habitat relationships; ‘hot spots’ of

model fitted the data well and could reliably

local abundance; management effectiveness

predict gaur densities at both local and land-

Abstract

scape scales. Our results showed that the ef-

Gaur (Bos gaurus) is among the most vulnera-

fectiveness of protection from hunting and oth-

ble Asian wild cattle species. Intense anthropo-

er human disturbances together with terrain

genic impacts such as hunting, habitat loss

topography strongly influenced local densities

and degradation have caused severe range

of gaur that varied between 0.4 and 10.5 / km 2

contractions and local declines of gaur popula-

within the study area. We submit that signifi-

tions in ~ 98% of unprotected habitats. Yet,

cant opportunities exist for attempting range-

there have been few rigorous assessments of

wide gaur population recoveries through con-

their relationships with habitat to identify the

servation actions that reduce hunting and other

key drivers of these declines, primarily be-

human impacts.

cause of methodological and environmental

Introduction

challenges of conducting population-level studies of such low-density species. In this study,
we investigated ecological processes that likely govern patterns of gaur densities in a high
conservation-priority site in India. We con-

structed a Bayesian hierarchical spatial model
to separate the ‘signal’ (ecological process of
interest) from the ‘noise’ (the sampling process
obscuring the ‘signal’), which is often confounded in such studies. We confront the model with rigorous data from field line transect
surveys to test A priori hypotheses proposed
based on gaur ecology. We collected population count data from 77 systematically-placed

transects covering 1400-km2 of study area and
data on six covariates that together described
27 Research and Reports

The Asian wild cattle species, gaur (Bos
gaurus), is among the vulnerable species within that taxonomic group (Duckworth et al.
2016). Hunting, habitat loss and degradation
due to intensive anthropogenic pressures have

resulted in dramatic range contraction and severe population declines throughout the distributional range of gaur (Ahrestani and Karanth
2014). In India, gaur has among the most restricted distributional range of large herbivores
(Karanth et al. 2009). Local extinctions of gaur
populations range between a low of 7% in protected reserves and a high of 98% in unprotected habitats in India (Karanth et al. 2010).

Consequently, gaur populations are now re-
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stricted to protected reserves within extensive

ery and management of this species, particu-

human-dominated multiple-use landscapes.

larly in the context of the rapid economic and

In the tropical deciduous forests of India, ecological densities of gaur vary greatly (from 0.2
to 11.3 animals per km2; Karanth and Nichols
2000; Karanth et al. 2001, 2008; Karanth and
Kumar 2005; Rayar 2010; Jhala et al. 2015). In
contrast, gaur naturally occur at lower densities
in the alluvial floodplains and dense evergreen
forest habitats (Karanth and Nichols 2000), and

are entirely absent in arid and semi-arid regions (Karanth et al. 2009). Even in protected
reserves, gaur abundance varies depending on
local habitat conditions (e.g., Gangadharan
2005).

human population growth in Asia. There are,
however, several methodological challenges to
the conduct of such rigorous, quantitative assessments of gaur populations. Typically, animal count data used in such analyses are a
combined outcome of the ecological, spatial
and observation processes. As such, the ecological processes (‘signal’) of interest to managers and conservationists get often obscured
by the sampling processes (‘noise’) involved in
such assessments (Royle and Dorazio 2008).
While there are reasonable sampling methods
to individually deal with each of these process
components, methods to deal with all three

Madhusudan and Karanth (2002) demonstrat-

processes simultaneously have rarely been

ed that occurrence and intensity of hunting de-

employed. Recent advances in hierarchical

press gaur densities locally. Gaur densities al-

modeling approaches have filled this need

so show greater declines compared to other

(Royle and Dorazio 2008; Kéry and Royle

sympatric wild ungulates in areas heavily

2016, 2021).

grazed by livestock as well as impacted by extraction

of

forest

biomass

by

people

(Madhusudan 2004, 2005). Furthermore, other
environmental features such as hilly terrain and
seasonal availability of water also influence
gaur densities (Ahrestani and Karanth 2014).
Large-scale habitat modifications and allied
disturbances also appear to reduce local gaur
densities. Prima facie, the elimination or reduction of all such anthropogenic disturbances has
driven the recovery of populations of gaur and
other animal species in India (Karanth et al.
1999; Karanth et al. 2008).
A rigorous, quantitative evaluation of likely drivers influencing local gaur abundance patterns
within large areas (> 1000 km2) is therefore

currently of fundamental importance to recov28
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In this study, we use a Bayesian Hierarchical
Spatial model to identify key ecological factors
that affect abundance of gaur populations,
while simultaneously accounting for the observation and spatial sampling process parameters also. To meet this goal, we first formulate
A priori hypotheses about the effects of some

key landscape and local scale factors related
to the physical environment, habitat features
and management practices on abundance of
gaur populations.
Next, we confront these plausible models with
visual field count data on gaur collected using
rigorous line transect survey protocols. We also incorporate into the modeling, data on covariate factors, both remotely sensed and sampled in the field. We specifically aim to identify
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ecological determinants of gaur abundance

offered a good opportunity to quantitatively ex-

patterns and estimate local densities of gaur to

amine ungulate-habitat relationships across a

identify local ‘hot spots’ of their abundance,

gradient of ecological, environmental and man-

useful for management and conservation ac-

agement factors.

tions.

Determinants of Gaur Abundance

Materials and Methods

Based on our familiarity and earlier work with

Study Area

the species and habitats (Karanth et al. 2008,

The Nagarahole-Bandipur protected area landscape is nested within the Western Ghats re-

gion, a recognized global biodiversity hot spot
of conservation priority. This study area comprises of the Nagarahole (area: 644 km2; 76°
00′ and 76° 15′ E Longitude, 11° 50′ and 12° 15′
N Latitude) and Bandipur (area: 880 km 2; 76°

2020; Kumar et al. 2021), we hypothesized that
six variables related to the forest habitat type,
physical environment and management factors
likely influenced gaur densities at both local
and/or landscape scales. The two identified
habitat variables were ‘eco-climatic distance’
and a ‘forage availability index’.

12′ and 76° 46′ E Longitude, 11° 37′ and 11° 57′

The eco-climatic distance is a remotely-sensed

N Latitude) National Parks. The study land-

surrogate for the forest vegetation type and is

scape is fully described in Kumar (2011) and

defined based on forest habitat structure and

Kumar et al. (2021). Both the altitudinal

composition across a moisture gradient at

(ranging between 400 and 1450 m above

landscape-level (Krishnaswamy et al. 2009).

mean sea level) and rainfall (ranging between

The forage availability index is a field-based

625 mm in the southeast and 1500 mm in the

measure of the potential palatable forage avail-

northwest) variations together with other bio-

able to gaur at the local scale. The physical en-

climatic factors (Meher-Homji 1990) have sup-

vironment variables we selected included a

ported

forests

GIS-based measure of distance to water

(Pascal et al. 1982) in the study area. More

sources, and, a remotely-sensed measure of

than 400 villages and 250,000 heads of live-

variance in slope, which is indicative of terrain

stock are present within a 5-km distance from

undulation. The management variables we

the boundaries of the study area (Directorate of

chose included a field-based measure of hu-

Census Operation 2004, Government of India)

man disturbance index at the local scale and a

together with a few non-agricultural human set-

categorical disturbance index at the landscape

tlements inside Nagarahole National Park

level indicating likely hunting pressures.

(Karanth et al. 1999) exert a multitude of an-

We note that the last two variables describe

thropogenic pressures across the study area.

two distinct forms of anthropogenic disturb-

The study area has also been reasonably well

ances. Their measured levels are inversely re-

protected for over three decades (Karanth et

lated to effectiveness of management efforts to

al. 1999), with levels of law enforcement effec-

curb human impacts. We hypothesized that the

tiveness varying spatially. Thus, the study area

direction and strength of these variables will

29
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Field Methods

Bandipur), within a span of <30 days each. De-

Gaur count data

tailed field protocols used in this study are de-

Gaur count data were collected using rigorous
line transect survey protocols relying on visual
detection and counts of gaur (Buckland et al.
2001; Thomas and Karanth 2002; Karanth et
al. 2002) as a part of a macro-ecological study

scribed in Karanth et al. (2002) and Kumar et
al. (2017). The surveys yielded counts of 154
clusters of gaur on 464 replicated transect
walks that added up to a cumulative distance
of 1404 km.

of predator-prey population dynamics (Karanth

Covariate data

et al. 2020). The line transect survey system

Among the six covariates identified by us A pri-

consisted of 77 square samplers, each 3.2 km

ori, the forage availability index and the human

long, systematically placed at a bi-directional

disturbance index were measured along the

spacing of 3 km covering the study area (Fig.

same transect lines during separate surveys

1) and the field surveys were conducted in

conducted in the same season (March – May).

April 2005 (in Nagarahole) and in April 2006 (in

Figure 1: Map showing the system of line transects in the Nagarahole-Bandipur study area. Inset map shows the
location of the study area in India.
30
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We used a nested plot design (Reddy et al.

ues represented tropical wet evergreen forests

2016) to enumerate plants encountered within

with high plant productivity and low seasonal

the primary, secondary and tertiary plots,

variation. However, tropical evergreen forests

which are fully described in Kumar (2011) and

support lower abundance of ungulates due to

Kumar et al. (2021). We assessed palatability

lower nutrient quality in plants (Olff et al. 2002).

of each plant species to gaur based on pub-

Therefore, we expected a quadratic relation-

lished information, ethno-botany and empirical

ship between ungulate abundance and eco-

observations and then computed an index of

climatic distance, with ungulate abundance ini-

palatable forage plants available/m2 for each

tially increasing with eco-climatic distance up

line transect. We hypothesized that this index

to a threshold level representing moist decidu-

will positively influence gaur density at transect

ous forests and then declining with increasing

level.

eco-climatic

To compute the human disturbance index, we
recorded all signs of activities, such as, cut
plant stems, logged trees, lopped trees, treenotches, fire, cattle dung, poaching, dead
wood extraction, soil extraction, etc., detected
along each 100 m transect segment during a

distance.

We

extracted

eco-

climatic distance values for each of the 1-km2
grid-cells of the study area from the data layers
developed separately for another conservation
study (Das et al. 2006) and hypothesized gaur
density to decline with increasing eco-climatic
distance.

separate survey conducted in the dry season

To measure the variable, distance from water,

and constructed a composite human disturb-

at landscape-level, we first mapped all perenni-

ance index for each line transect as the prod-

al water sources in the study area using a

uct of the intensity and the frequency per km of

GARMIN 12 XL GPS unit. We then overlaid the

survey effort (see Kumar et al. 2021 for de-

digital overlays of streams, rivers and reser-

tails). We hypothesized that the gaur density

voirs, and computed the mean distance from

would be negatively influenced by human dis-

the center of each 1-km2 grid-cell to nearest

turbances at local (transect) scale.

water source. We expected gaur density to in-

We also measured four variables at the land-

crease with shorter distances to water sources.

scape scale for each of the 1-km2 grid-cells su-

We used remotely sensed Shuttle Radar To-

perimposed over the study area. Eco-climatic

pography Mission (SRTM) elevation data at

distance is a quantitative, remotely sensed

200 m pixel resolution (Jarvis et al. 2008) to

metric derived from the multi-date Normalized

extract variance in slope for each 1-km2 grid-

Difference Vegetation Index (NDVI) to describe

cell. The variance in slope best described the

variability in forest type at an ecologically rele-

topography, with higher values indicating more

vant continuous scale (Krishnaswamy et al.

undulating terrain. We predicted the variance

2009). Very high values of eco-climatic dis-

in slope to positively influence gaur density.

tance corresponded to dry deciduous forests
and degraded scrub with low plant productivity
and high seasonal variation, while lowest val31
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We used a categorical measure of protection

effectiveness as the last variable in our model.
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A number of factors viz., the history of protec-

cluster size as an individual covariate that af-

tion in the reserve, available protection infra-

fected the detectability of gaur groups counted.

structure, proximity to human settlements, fre-

We specified a zero-truncated Poisson distri-

quency of patrols, the number of forest offence

bution for modeling the cluster size. Thus, the

cases booked per patrolling effort etc., influ-

detection probability of gaur was an increasing

ence the overall effectiveness of protection.

function of its cluster size and a decreasing

We categorized the effectiveness of protection

function of its distance from the transect line.

level in each 1-km2 grid-cell as low, medium or

Although the perpendicular distance measured

high based on an assessment of such factors,

and cluster size observed were exact, we as-

using both published (Karanth et al. 2001) and

signed detections to discreet classes of dis-

unpublished sources. We used an inverse in-

tance and cluster size to account for measure-

dex as a measure of lack of effectiveness of

ment errors and for computational ease. De-

protection in our model structure. We expected

tailed formulations of the models together with

higher densities of gaur in grid-cells with lower

the model philosophy used for this analysis are

management ineffectiveness.

fully described in Kumar et al. (2021).

Analytic Methods

We implemented the model in R (version 3.6.1;

We used a Hierarchical Distance Sampling

R Core Team 2019) using the NIMBLE pack-

model that was developed for assessing ungu-

age (version 0.8.0; NIMBLE Development

late-habitat relationships (Kumar 2011), the

Team 2019). We scaled and centered all co-

details of which are available in Kumar et al.

variates

(2021). Briefly, the Bayesian hierarchical spa-

(Gelman et al. 2004). We used non-informative

tial model we used has two components; a pro-

priors to specify the prior probability distribu-

cess model that describes the ecological pro-

tions of the model parameters and used a sin-

cesses determining gaur abundance and an

gle long Markov chain with plausible initial val-

observation model describing the line transect

ues to improve mixing of parameters. We ran

sampling process involved in our field surveys.

the model specification code for 200,000 itera-

The abundance process model used a Poisson

tions after specifying an initial burn-in of 20,000

regression to assess the effects of covariates

iterations. The posterior distribution summaries

on gaur abundance at both local (transect) and

of the parameters along with their associated

landscape (grid-cell) levels. The model includ-

Monte Carlo errors were estimated using R

ed a Gaussian Conditional Autoregressive

package ‘mcmcse’ (Version 1.3-2; Flegal et al.

(CAR) prior for modeling the spatial variation in

2017). We used Monte Carlo error estimates to

density. This model enabled incorporation of

assess the reliability of posterior summaries

both deterministic and stochastic effects for

(Dorazio 2016). We assessed the direction and

explaining the spatial variation in gaur abun-

magnitude of the influence of individual predic-

dance. We used a standard half-normal detec-

tor variables on gaur density by examining the

tion function to model the observation process.

posterior summaries of the regression parame-

Additionally, the observation model included

ters.

32

Research and Reports

to

improve

MCMC
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Using the effects of covariates, we predicted
2

gaur were at <60 m perpendicular distance and

density of gaur clusters in each 1-km grid-cell

these clusters had <8 individuals. However, the

and multiplied by its estimated mean cluster

maximum observed perpendicular distance,

size to compute expected number of individual

and cluster size, were respectively 249.9 m

gaurs in each grid-cell. We then derived the

and 25 individuals. The probabilities of detect-

posterior summaries of gaur density for the

ing clusters with >8 individuals, at distances

study area, as well as for Nagarahole and Ban-

>60 m were substantially lower.

dipur parks separately. Using GIS software
QGIS (version 3.10.0-A Coruña; QGIS Development Team 2019), we mapped variations in
density across the study area to identify local
‘hot spots’ of gaur abundance.

The estimated posterior mean of the effective
strip width for gaur detections was 71.4 m
(posterior median 71.1; 95% credible interval

54.6 – 92.5). This is in stark contrast to the naïve mean strip width of 38.6 m computed when

Results

detection probability was ignored. The ~ 46%

Gaur encounter rate, detectability and cluster

downward bias in the naïve estimate of strip

size

width shows why it is critically important to esti-

We encountered 154 clusters of gaur over a

mate detection probability in line transect sur-

cumulative sampling effort of 1404 km, during

veys to obtain unbiased estimates of gaur den-

464 replicate walks along 77 transects lines.

sities.

We sighted gaur on 48 transects and the total

number of clusters detected in each transect
ranged between 1 and 26. The naïve mean encounter rate was 0.11 clusters per km walked,
indicating the sparse nature of data arising
from such surveys of tropical forest ungulates
even in a reasonably well-protected area. The

Although the largest detected cluster consisted
of 25 individuals, ~ 80% of the clusters had ≤ 6
individuals. Because of the smaller sample sizes of larger clusters, the uncertainty in the detection probability of larger cluster sizes was
higher.

counts of detected clusters, and, the absence

The posterior mean and posterior median of

of sightings in 29 line transect spatial repli-

the overall cluster size was 4.8 individuals

cates, show substantial spatial variation in en-

(95% credible interval 4.49 – 5.21), which is

counter rates.

marginally higher than the observed mean (4.2

The probability of detection of clusters of gaur
decreased with greater distances from the transect line, whereas it increased with higher cluster size. Thus, the estimated detection proba-

individuals). The underestimation of the cluster
size at greater perpendicular distances is likely
to be due to the screening effect of thick understory vegetation prevalent in the study area.

bilities of smaller clusters declined with perpen-

Determinants of gaur density

dicular distance much more rapidly at shorter

The effects of all predictor variables on gaur

distances than the estimated detection proba-

density were in the same directions as we hy-

bilities of larger groups at longer distances

pothesized A priori, except for the two covari-

(Fig. 2). Nearly 70% of the observed clusters of
33
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ates representing eco-climatic distance and

Gaur density was influenced positively by

distance to water. The strength of these esti-

more effective protection at the landscape

mated relationships varied considerably be-

level, whereas human disturbance depressed

tween the transect-level and landscape-level

gaur densities locally.

covariates. Densities of gaur clusters were
associated positively with terrain undulation
as well as with protection effectiveness and
negatively with human disturbances. The effects of all other covariates were not significant. The summaries of the posterior distribu-

tions for the effects of all hypothesized determinants on expected cluster densities are reported in Table 1.
Between the two habitat covariates, the transect-level covariate of forage quantity positively, but somewhat weakly, influenced gaur
density, while the landscape-level covariate
of eco-climatic distance had no effect. In-

Figure 2: Estimated relationship between the probabil-

creasing terrain undulation had a strong posi-

ity of cluster size detection and the perpendicular dis-

tive effect on gaur density. Another physical

tance from the transect line for each of the cluster size

environmental covariate, the distance to wa-

categories (depicted in different colors) of gaur in the
Nagarahole-Bandipur study landscape in India. Ex-

ter, had no effect.

pected number of individual animals in each cluster
size category is in the legend.

Table 1: Estimated posterior mean, standard deviation (SD) and Monte Carlo standard error (MCse) with 95% credible
intervals for the effects of covariates on expected cluster density of gaur in the Nagarahole-Bandipur study landscape.
Covariate
Forage quantity

Eco-climatic distance

Terrain undulation
Distance to water
Human disturbance

Protection ineffectiveness
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Mean

SD

MCse

95% Credible Interval

0.16

0.21

0.006

(−) 0.27 – (+) 0.58

0.01

0.38

0.012

(−)1.06 – (+) 0.43

0.73

0.29

0.009

(+) 0.13 – (+) 1.29

0.10

0.21

0.004

(−) 0.31 – (+) 0.51

−0.38

0.35

0.005

(−) 1.16 – (+) 0.20

−0.50

0.28

0.007

(−) 1.07 – (+) 0.05
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Spatial variation in gaur density

This map clearly shows local ‘hot spots’ of

The estimated density of gaur in each 1-km2

gaur abundance within the study area. We pro-

grid-cell showed a positively skewed distribu-

vide (Table 2) a summary of the spatial distri-

tion. Hence, we used median values to map

bution of the posterior median estimates of the

the spatial variation of gaur density in the

local densities of gaur within the study area as

study area (Fig. 3).

well as in Nagarahole and Bandipur National
Parks separately.

Figure 3: Spatial distribution of the estimated fine-scale (1-km2 grid-cell level) density of gaur (posterior median;
number of individuals / km2) and its local ‘hot spots’ of abundance in the Nagarahole-Bandipur study landscape.

Table 2: Posterior Summaries of the spatial distribution of fine-scale (1-km2 grid-cell level) cluster density (number of
clusters / km2) and individual density (number of individuals / km2) of gaur within the sampled area
Posterior

Posterior

95% Credible Inter-

mean

median

val

Cluster density

0.28

0.26

0.08 – 0.66

Individual density

1.36

1.26

0.39 – 3.19

Cluster density

0.70

0.36

0.09 – 2.82

Individual density

3.39

1.74

0.44 – 13.65

Overall Study

Cluster density

0.50

0.29

0.08 – 2.16

Area

Individual density

2.42

1.40

0.39 – 10.45

Species

Nagarahole

Bandipur
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The estimated density of gaur (posterior medi2

an 1.7 / km ) was higher in Bandipur than in
2

Nagarahole (posterior median 1.3 / km ). The

management and conservation of gaur populations.
Determinants of gaur density

estimated posterior mean density of gaur in the
study area was 2.4 / km2 (posterior median

The six covariates together captured the spa-

1.4; 95% credible interval 0.4 – 10.5).

tial variation in gaur densities, although eco-

Discussion

climatic distance did not influence abundance

Modeling gaur density: Application of hierarchical spatial models
Our hierarchical spatial model fitted the data
well and accurately predicted spatial distribution of gaur densities within the study area.
The Bayesian density surface model was able
to predict abundance for each 1-km2 grid-cell,
enabling us to derive gaur density estimates
for any subset area of interest. This facilitates
comparison of gaur densities across different
management regimes or spatial units. Such
rigorous assessments help wildlife managers
to identify optimal habitat requirements, attain
targeted abundance levels and estimate potential carrying capacities.

in the study area. Gaur is a large-bodied bulk
feeder (Hofmann 1989, Ahrestani and Karanth
2014) and its diet consists of coarse and dry

grasses including bamboo, browses such as
leaves and twigs of shrubs, forbs and trees
(Schaller 1967, Ahrestani et al. 2012). Thus,
gaur abundance is more likely to be dependent
on quantity rather than quality of forage, compared to selective feeders. Density of gaur, a
grass roughage eater (Schaller 1967), was
moderately influenced by the availability of forage. This is likely due to the fact that surveys

were conducted in dry season when most
grasses dry up and large ungulates opportunistically shift to browse.

The hierarchical spatial model is able to handle

The variance in topographic steepness posi-

smaller sample sizes typical in ungulate sur-

tively affected gaur density. This result is con-

veys. In standard distance sampling, such low

sistent with natural history observations and

numbers of detections of animal clusters pre-

scientific studies (Schaller 1967; Ahrestani

vent investigators from estimating local densi-

2009). The weak relationship between gaur

ties and examining their spatial distribution.

abundance and distance to water was possibly

Our hierarchical spatial model augmented clas-

due to the widespread availability of water in

sical distance sampling method despite sparse

the form of three large reservoirs, several

data (gaur encounter rate 0.11 clusters per km

streams and more than 250 natural and man-

walked) employed. The model permitted esti-

made ponds spread throughout the study area.

mation of gaur density at the large landscape

Gaur density was depressed where illegal

2

scale (1400 km ), spatial distribution of the lo-

hunting pressure was likely high. The human

cal densities, and effects of habitat, physical

disturbance index we used is a quantitative

environment and management factors on den-

measure of anthropogenic impacts at local lev-

sity at multiple spatial scales. These are im-

els. Gaur appears to avoid areas where such

portant ecological information necessary for

human impacts were higher.
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Synthesis

of Science & Technology of the Indian Govern-

India appears to be the most important refuge

ment, and several other institutional and indi-

for gaur range-wide, with 15 of its states har-

vidual donors. We are thankful to the Karna-

boring populations (Duckworth et al. 2016).

taka Forest Department and the National Tiger

Presently, four large landscapes (Western

Conservation Authority, Government of India

Ghats, Eastern Ghats, Central Indian and

for permissions granted for the long term stud-

Northeast forests) and smaller ones in Bihar

ies. We gratefully acknowledge the support re-

and West Bengal states support gaur popula-

ceived over the years from field-research

tions and the most extensive among these is in

teams, volunteer-naturalists and scientific col-

the Western Ghats. Mixed deciduous forests

laborators of the Centre for Wildlife Studies.

cover ~ 140,000 km2 (65%) in India (Roy et al.
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Abstract
Action Indonesia is a collaborative partnership
for the conservation of anoa, banteng, babirusa
and Sumatran tigers. The aim of the partnership is to contribute to the conservation of
these species in situ to prevent species extinction and to achieve genetically and demographically healthy ex situ insurance populations, providing future options for restoration of
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wild populations. Action Indonesia uses the International Union for Conservation of Nature
Species Survival Commission Conservation
Planning Specialist Group (IUCN SSC CPSG)
“One Plan Approach” to species conservation
(Byers et al. 2013), partnering with key organisations to bring together a group with wideranging expertise, knowledge sharing and decision making authority to address the ongoing

conservation challenges of these species. This
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group consists of Indonesian government de-

The Indonesian government has listed all four

partments, national and international zoos,

species as national priority taxa that are threat-

NGOs and research institutions. Significant

ened with extinction (KKH, 2015). The Suma-

achievements have been made in the past four

tran tiger is listed as Critically Endangered

years of the collaboration. These include work-

(Linkie et al., 2008) on the IUCN Red List, with

ing with Indonesian institutions to develop and

anoa (Burton et al.; 2016a, Burton et al.,

implement breeding and transfer recommenda-

2016b), Togian island babirusa (Macdonald et

tions for collaborative breeding of the four taxa

al., 2016) and banteng (Gardner et al., 2016)

to strengthen Indonesian ex situ populations.

listed as Endangered and Sulawesi (Leus et

Other achievements include the creation of a

al., 2016) and hairy babirusa (Macdonald et al.,

global awareness-raising day for the Action In-

2008) listed as Vulnerable.

donesia species, as well as planning and delivering education and husbandry training in Indonesian zoos and raising funds for projects supporting in situ populations of the species. Action Indonesia will continue to strengthen the
global ex situ populations of these four taxa
through globally aligned collaborative breeding
programmes. Long-term support will be provided to increase capacity in animal husbandry,
education, population management, and institutional development. We anticipate that lessons learned during this process can act as a
model for expansion to other Indonesian species as well as elsewhere that require global
conservation action across the in situ-ex situ
continuum.
Conservation rationale
Anoa (Bubalus depressicornis and B. quarlesi),
banteng (Bos javanicus), babirusa (Babyrousa
ssp.) and Sumatran tigers (Panthera tigris sumatrae) are some of Indonesia’s most threat-

The long-term survival of these species in the
wild requires increased management intervention that includes research, protection and genetic management of populations in the wild as
well as building up genetically viable ex situ
populations to strengthen the genetic diversity
of the global meta-populations. Therefore, key
partners must work together to develop holistic

conservation strategies for the four species and
ensure that these strategies are implemented.
For anoa, babirusa, banteng and Sumatran tigers it was decided that the most effective way
to organise conservation interventions was to
develop a Global Species Management Plan
(GSMP) for each of the species, administered
by the World Association of Zoos and Aquariums (WAZA). GSMPs bring together zoos,

governments, and conservation organisations
from multiple regions to achieve globally
agreed ex situ and in situ conservation goals
for a species (WAZA, 2019).

ened large mammals. Primary threats to these

The banteng, anoa and babirusa GSMPs were

charismatic, protected species and subspecies

initiated under the Action Indonesia name to

(hereafter referred to collectively as species)

promote these lesser known species. Since

include illegal hunting for trade and consump-

2018, the Sumatran tiger GSMP – the longest

tion, habitat loss and, for Sumatran tigers, de-

running GSMP joined forces with Action Indo-

pleted prey base and human-tiger conflicts.

nesia to align the processes for governmental
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and organisational evaluation and approvals

activities for anoa, banteng and babirusa. This

and endorsements of initiatives and to maxim-

masterplan was developed using the IUCN

ise opportunities for training, education, aware-

SSC Guidelines for the Use of Ex situ Manage-

ness raising and fundraising. This is the first

ment for Species Conservation (IUCN, 2014),

time that multiple GSMPs have been devel-

and is aligned to the priorities described in the

oped as a single partnership. The Action Indo-

Indonesian National Species Conservation

nesia partnership has chosen to follow CPSG’s

Strategy and Action Plans (SRAK) for these

One Plan Approach concept (Byers et al.,

taxa (Ministry of Forestry Indonesia, 2014a;

2013; Vanzer et al., 2018), which promotes

Ministry of Forestry Indonesia 2014b; Ministry

positive conservation outcomes through build-

of Forestry Indonesia, 2012). Among the top

ing and maintaining strong national and inter-

priorities identified by partners were to facilitate

national

of

husbandry and education skills sharing, and

knowledge and expertise between partners,

draft the first ever breeding and transfer rec-

and strengthening the links between in situ and

ommendations for anoa, banteng and babirusa

ex situ organisations.

in Indonesian zoos. The second Action Indone-

institutional

links,

sharing

Development of the Action Indonesia partnership

sia planning workshop took place in February
2018, and the Sumatran tiger GSMP was invited to join (Fig.1). The workshop was attended

Starting with the first planning workshop in

by 91 participants from 50 institutions, includ-

January 2016, Action Indonesia has evolved

ing Indonesian, European and US zoos as well

into a global partnership of organisations, with

as NGOs, universities and the Indonesian Min-

representatives from Indonesia, Europe and

istry of the Environment and Forestry (KLHK).

North America (Leus et al., 2017), driven by

During this phase, a second three-year master-

the IUCN SSC Asian Wild Cattle Specialist

plan was developed.

Group (AWCSG). By following the GSMP concept, the partners produced a masterplan in
2016 to guide conservation interventions and

The complexity of this programme and the collaborative working entails that many steps over
a long timescale are needed to achieve the

Figure 1: Participants of the second GSMP Planning Workshop, February 2018. Photo: PKBSI
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aim. It is therefore necessary to monitor pro-

scribing the partnership in Indonesia, signed

gress and track the route from short-term activ-

and witnessed by the Indonesian Ministry of

ities to the long-term aim on a strategic level. A

Environment and Forestry in 2014, and then

Theory of Change process was used to devel-

extended for a further five years in 2019.

op a monitoring framework to guide activities
(Weiss, 1995). In addition to identifying and prioritising activities that address threats to the
species, the framework acts as a tool for monitoring and evaluating progress. Since 2018,
nine thematic working groups (WGs) have
been implementing sets of activities described
in the monitoring framework. These WGs consist of experts from partner organisations that
volunteer their time and skills, often representing all three regions involved. Partner organisations are defined as a) those whose staff provide technical advice, b) whose staff participate
in planning and training or c) organisations that

The coordination of the WGs and alignment to
the monitoring framework is carried out by
PKBSI and the AWCSG, as well as leaders of
each WG. PKBSI leads on the planning and
implementation of many of the activities. In
PKBSI, strategic direction is provided by the

Board and thematic divisions (1. Conservation,
2. Education and Training and 3. Organisation,
Law, Membership, and Research). Implementation of activities is conducted by the PKBSIGSMP Programme Officer (50% time working
on GSMP activities) and the Board and divisions.

donate funds for activities, or d) organisations

Alignment of the Sumatran tiger GSMP and the

conducting breeding and transfers according to

Action Indonesia GSMP:

recommendations. The number of partner organisations has increased greatly in the past
four years, growing from 29 in 2016 to 51 partners in 2020. The greater number of partners is
due to many Indonesian zoos subscribing to
the GSMP concept and following the breeding
recommendations, as well as the increased
awareness about the GSMP species and programme.

The Sumatran tiger GSMP collaborates closely
with the Action Indonesia activities; however,
this GSMP was initiated much earlier. The Sumatran tiger GSMP was established in 2008,
based on the Tiger Global Animal Survival Plan
developed in 1992 by the IUCN SSC Conservation Breeding Specialist Group (now known
as CPSG) and subsequent international in situ-

ex situ collaborations in Indonesia. The part-

In addition to the implementing partners, there

ners for the Sumatran tiger GSMP include EA-

are six organisations that make up the organi-

ZA, AZA and PKBSI as well as the Zoo and

sational partners for the ungulate GSMPs: Eu-

Aquarium Association Australasia (ZAA), Japa-

ropean Association of Zoos and Aquaria

nese Association of Zoos and Aquariums

(EAZA), Association of Zoos & Aquariums

(JAZA), and CPSG. Sumatran tiger GSMP

(AZA), Indonesia Zoo and Aquarium Associa-

meetings were held in 2010, 2012, and 2016 to

tion (PKBSI), IUCN SSC, AWCSG, and IUCN

assess ex situ conservation contributions for

SSC Wild Pig Specialist Group. These partners

Sumatran tigers using the IUCN SSC Guide-

also are the signatories of a five-year MOU de-

lines for the Use of Ex situ Management for

44

Research and Reports

BULLetin

December 2020 | Issue 5

Species Conservation (IUCN, 2014) and to

is to achieve healthy backup ex situ popula-

make breeding and transfer recommendations

tions for each species. This is particularly im-

to meet these programme goals.

portant for Indonesian zoos, as they have a

Achievements

number of founder animals, whose genetics
are underrepresented in the Indonesian and

One of the Action Indonesia partnership’s main

global zoo population. National target sizes for

achievements is the realisation of a strong

ex situ populations of anoa, banteng and babi-

partner network that raises greater interest in

rusa were developed within Indonesia during

the species and implements priority activities

the planning workshop in 2016, and have also

more effectively working collaboratively than

been established for the Sumatran tiger popu-

institutions working in isolation of each other.

lation (Table 1). Achieving these target popula-

An additional principal achievement has been

tion sizes requires population management,

the international support to PKBSI in access to

including maintaining accurate studbook data,

resources, funding support for selected activi-

cooperative breeding and the development of

ties, and strategic planning. This has led to the

breeding recommendations for the Indonesian

development of greater capacity within PKBSI

zoo population.

that is in turn delivering more leadership and
support to Indonesian zoos. An example of this
includes the enrolment of the PKBSI GSMP
Programme Officer in the IUCN CPSG Mentoring Program to support the development of his
skills in facilitation and conservation planning.
There also has been a lot of learning by European and North American colleagues from our
Indonesian partners.

Cooperative breeding is a method of ex situ
management that focuses on building relationships among participating institutions to help

everyone meet their needs and for the goal of
healthy self-sustaining populations. This enables the species to be managed at the population level rather than at the institution level. Cooperation involves making your animal collection available and providing data to make rec-

Understanding differences among regions and

ommendations on breeding often necessitating

institutions has been essential to the GSMPs’

transferring animals between zoos. This is a

development. Over the past four years, we

new process for Indonesia, which requires a

have learned to work together and be flexible

strong commitment from participating institu-

to the variations in our timeframes, resources

tions to follow breeding recommendations in

and the speed at which things happen in our

their own facilities and transfer animals among

collaborative approach. Regular communica-

institutions for ex situ conservation. In order to

tion and coordination without an overly rigorous

do this effectively, institutions and governing

structure has helped to encourage and foster

bodies need to commit to a significant change

participation with the GSMPs.

in perspective towards working together. A sig-

Ex situ:

A primary aim of the Action Indonesia GSMPs
45

Research and Reports

nificant financial input is required to transfer
animals, and in some cases zoos do not own

and keep one animal for its entire lifespan, but
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commit to working together with other institu-

tions to improve the health of the population,
rather than focusing on a single animal. Facilitating cooperative breeding in Indonesia also
requires the development of new administrative procedures to enable the completion of
effective and efficient animal transfers in line
with recommendations. PKBSI is developing
new processes to align with cooperative
breeding and working closely with the Directorate of Biodiversity Conservation (KKH), Directorate General of Natural Resources and
Ecosystem Conservation (KSDAE), Ministry of

Figure 2: Anoa calf, born at Surabaya Zoo in July 2020
following GSMP breeding recommendations. Image: Surabaya Zoo

Environment and Forestry of Indonesia to al-

are important steps forward in the goal of

low animal transfers to happen as effectively

achieving genetically diverse global ex situ

as possible. Continued support from PKBSI,

populations and reaching national population

KSDAE and the GSMPs will help to facilitate

size targets (Table 1). It is recognised that an

more transfers in the future.

increase in breeding efforts will take time to

A key milestone towards the ex situ aim of Ac-

tion Indonesia was the development of two
sets of breeding and transfer recommendations for the ungulate species in 2016 and

happen, as zoos become familiar with the cooperative population management approach
and identify how they can increase space to
hold offspring of the GSMP species.

2018. The recommendations were developed

The Sumatran tiger GSMP has also demon-

and agreed collaboratively during the large

strated progress in implementing breeding and

planning workshops. So far, recommendations

transfers in PKBSI zoos in recent years. Popu-

have resulted in 30 recommended births in In-

lation goals for the PKBSI Sumatran tiger pop-

donesian institutions (at the time of writing),

ulation are to maintain at least 90% gene di-

including nine anoa, 17 banteng, and four bab-

versity for 100 years with a population of ~140

irusa (e.g. Fig. 2). New recommended births

managed tigers (Table 1). A short-term goal is

Table 1: Indonesian National ex situ cooperative
breeding targets and the current ex situ population of
anoa, banteng and babirusa.

to increase reproduction to stabilize the age

Species

structure of the population and prevent decline
and to breed potential founders. Five of the six

Current population
(Nov 2020)

Target

Banteng

86

100

been attempted by the February 2018 meet-

Anoa

37

75

ing, 15 months later. Since then, seven litters

Babirusa

75

100

Sumatran
tiger

103

140
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breeding recommendations made in 2016 had

have been born (14 births, 8 still living). Other
recommended breedings have been attempt-

ed, but some are on hold waiting for institution-
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al transfers to be approved. Similarly, although

PKBSI has developed a collaboration with the

there has been positive progress with some

Indonesian Institute of Science (LIPI) to sam-

ungulate transfers completed under the collab-

ple the founder animals of the PKBSI member

orative breeding ethos, other transfers are still

zoo populations of anoa, banteng and babiru-

in process or delayed.

sa. The genetic diversity of the Sumatran tiger

Supporting the development and implementation of cooperative breeding processes is an
ongoing activity of the Action Indonesia
GSMPs, and it is acknowledged that the socialisation, administration and implementation

of cooperative breeding will take time to
achieve successfully.
Genetics:
One of the most important long-term threats to
the survival of the GSMP species is the loss of
genetic diversity, a common issue in endangered large mammal species (Lacy, 1997). Tigers generally have low genetic diversity (Luo

et al. 2004), and recent work on anoa and Sulawesi babirusa suggests that they have lost a
significant amount of genetic diversity in the
wild over the last few hundred years (Frantz et
al. 2018). Due to the alarming threats to the
survival of the GSMP species, ex situ populations have become important backup populations, should the wild populations need future
supplementation. In order to serve as backup

populations, effective ex situ population man-

ex situ population may be assessed in future.
Once samples have been collected, international GSMP partners will provide support to
Indonesian scientists to develop the skills necessary for the genetic analyses, empowering
Indonesian scientists to utilise these skills in
the future with other species. Verified and accurate studbook data are needed to assess
genetic status of zoo populations in order to
set management goals to preserve gene diversity in ex situ populations for some of the
GSMP species.
Husbandry:
Maintaining a high standard of husbandry and
animal care is essential to zoo management
and to the success of cooperative breeding
efforts and ex situ conservation of the GSMP
species. Extensive on-site husbandry and veterinary training efforts were conducted in 1992
-1995 for Sumatran tigers in Indonesian zoos
(Tilson et al. 1997, 2001); however, staff have
changed since then and further training may
be required.

agement is needed to preserve genetic diversi-

Training workshops were designed by Action

ty representative of that of the wild popula-

Indonesia to build capacity, optimise husband-

tions. To achieve this goal there is a need for

ry and to facilitate successful cooperative

genetic analyses of both ex situ and in situ

breeding practices within Indonesian zoos.

populations. This is where the fruitful collabo-

During three workshops in 2017, 53 partici-

ration of the Genetics WG between Indonesian

pants gained skills in the husbandry and trans-

and international partners comes into play, fos-

portation of anoa, babirusa and banteng,

tering knowledge sharing and technical capaci-

which they have been able to use in their own

ty.

institutions. Further, in a 2018 workshop, 32
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participants built their capacity in enclosure de-

GSMPs. This continued global collaboration

sign and collection planning. This workshop

demonstrates the motivation of GSMP mem-

familiarised PKBSI zoos with the processes

bers to adapt and progress with the husbandry

that ensure that there is more space available

training. Thus far, the virtual training sessions

for healthy ex situ populations of anoa, ban-

have had high participation, with up to 76 par-

teng, babirusa, Sumatran tigers and other pri-

ticipants from up to 33 institutions attending

ority species. Pre- and post-training surveys

per session. A range of participants have

have been used to monitor the effectiveness of

joined the webinars, including zookeepers,

the training and to help to identify areas of fu-

vets, curators, managers and directors. Pre-

ture training. Tailored advice and guidance has

and post- questionnaires to participants have

also been delivered through zoo visits to 17

demonstrated

zoos, which have included on-site discussions

knowledge during the sessions (Fig. 3). The

and follow-ups with keepers, curators, vets and

virtual training sessions will be available to In-

directors. This combination of formal workshop

donesian zoos in the future and will be a valua-

and more informal, tailored in-person advice

ble resource in the development of a sustaina-

has been successful in increasing the reach of

ble, more widely accessible and cost-effective

the capacity building efforts to give broad train-

husbandry training programme. The range of

ing as well as specific input to many zoos that

husbandry topics taught will be part of a frame-

may not have joined the workshops.

work of learning, as a comprehensive zoo pro-

Virtual husbandry training webinar sessions
have been trialled in 2020 as a response to the

an

overall

increase

in

fessional training programme is developed by
PKBSI.

Covid-19 pandemic and are being delivered by

A further ongoing achievement of the GSMP

experts and practitioners from PKBSI and the

Husbandry Working Group and PKBSI is the

Figure 3: Average percentage score achieved in the pre- and post- knowledge questionnaires for each session (1-8)
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development of comprehensive husbandry

for Javan banteng. The project will begin in

guidelines for banteng, anoa, and babirusa in

2020, with the objective to provide longitudinal

Bahasa Indonesia to support the improvement

data of banteng population density of at least

and standardisation of zoo practices for these

four years to inform future management in Alas

species. These guidelines are being developed

Purwo National Park. The data will also inform

as a manual, along with other resources that

future conservation planning at a Conservation

can be used by all zoo staff for their daily hus-

Strategy and Action Plan (SRAK) Population

bandry care. A care manual for Sumatran ti-

and Habitat Viability Assessment (PHVA)

gers in Bahasa Indonesia was provided as part

workshop.

of the 1990s training but would benefit from
being updated.
In situ:
Effective population monitoring of in situ populations of the GSMP species is essential to increasing knowledge of population sizes and
trends, helping to identify potential threats to
the population and informing conservation actions.

Another priority area for banteng conservation

is Baluran National Park (NP) in East Java.
Until 30 years ago, it was by far the main
stronghold, being home to almost 300 banteng.
Due to habitat loss and extensive poaching,
the population decreased to approx. 20 individuals in 2012. In 2013, the Directorate of Biodiversity Conservation (KKH) and Copenhagen
Zoo commenced on a joint project to restore
Baluran NP to its original ecological condition,

In early 2019, the banteng GSMP, PKBSI and

including restoring the park’s banteng popula-

Alas Purwo National Park – a priority location

tion. An extensive camera trapping monitoring

for banteng conservation in East Java –

system was set up in 2014 covering the entire

agreed to collaborate on a monitoring project

park. The system delivers annual population

Figure 4: A Baluran staff team effort, with the Baluran NP vet Rudiar Anisa darting her first ever banteng for collaring
and genetic sampling. Image credit: Copenhagen Zoo / Baluran National Park
49

Research and Reports

BULLetin

December 2020 | Issue 5

Figure 5: Guiding an adult anoa during the Anoa and Babirusa Rescue Training in Makassar

trends and sizes and detects the magnitude of

derstanding of how zoo expertise can be trans-

the poaching in the park too. These data are

ferred to support in situ projects, for example

essential for the park management to address

through providing husbandry training in which

habitat restoration and anti-poaching activities.

29 participants learned to improve the handling

In 2018, the Baluran NP management and Co-

and health assessment of rescued and confis-

penhagen Zoo team became the first ever to

cated anoa and babirusa in Sulawesi (Fig. 5).

sedate a wild Javan banteng and fit it with a

The GSMPs and PKBSI also aim to provide

GPS-radio-collar (Fig. 4). To date, nine wild

KKH with recommendations about how to im-

banteng have been fitted with a GPS-collar

plement an island-wide strategy for the man-

and they form part of a long-term study about

agement of rescued anoa and babirusa with a

banteng ecology.

network of transit centres at KSDA offices. The

With the added vigilance in Baluran NP, the
banteng population has increased to 70-80 individuals in 2019 (Traeholt pers. comm.). In
2016, Baluran NP was declared as the national
banteng conservation breeding centre. Basic
breeding facilities were set up and the first
three banteng were transferred from Taman
Safari Indonesia in 2016. Currently, Copenhagen Zoo and Baluran NP are looking into developing a dedicated banteng breeding and
rehabilitation plan.

In the recent years, we achieved a greater un50
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GSMP has also supported in situ work through
providing small grants to projects carrying out
conservation and awareness raising activities

in Sulawesi. An example of this includes supporting a survey on Buru island in 2017 that
confirmed the presence and some biological
traits of babirusa on the island (Macdonald &
Pattikawa, 2017).
Education:
Effective conservation education has been
shown to increase knowledge of species and

conservation (Nekaris et al. 2017) and can in-
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fluence public behaviour through fostering con-

have gained skills in conservation education,

nectedness to nature and sense of environ-

which has helped to build a global network of

mental responsibility (Ancrenaz et al. 2018;

zoo educators that are sharing materials and

Van den Born et al. 2017). The Education

ideas to improve their engagement of visitors.

Working Group aims to increase global awareness and support for conservation and to build
capacity to deliver conservation education for
these species in Indonesia. The education programme of activities was developed with the
involvement of educators from AZA and EAZA
institutions, and from a survey of Indonesian

In 2019, the Education WG developed an annual global awareness raising day ‘Action Indonesia Day’, to maximise education efforts and
communication about the species and their
conservation. This was a major achievement in
raising awareness and in the collaboration be-

tween regions. Over 40 organisations across

zoo educators carried out in 2016. This founda-

four continents got involved for a day of events

tion of understanding about education being

and activities to connect people to anoa, ban-

delivered by Indonesian zoos established the

teng and babirusa and raise awareness about

resource and capacity building requirements

the global efforts to conserve them. The events

for raising awareness of the target species.

held in zoos, and posts on social media

Over the last four years, an educational toolbox

(searchable

of resources and materials has been devel-

hashtag), helped to increase the profile of

oped to support zoo educators and others en-

these largely unknown and under-appreciated

gaged in educating about these species in the

threatened taxa. Many participants utilised the

design and delivery of their education pro-

educational resources available to download

grammes:actionindonesiagsmp.org/educate.

from the Action Indonesia website, with some

Through multiple training sessions and workshops over the last four years, 67 participants

with

the

#ActionIndonesiaDay

zoos also using the day as an opportunity for
fundraising (Figs. 6 and 7).

Figure 6 (left): Action Indonesia Day signage at Bandung Zoo. Image: James Burton.
Figure 7 (right): Action Indonesia Day Activities at Bali Safari & Marine Park. Image: TSI Bali Safari
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It was particularly successful in that there were

ommendations for the ungulate taxa. In paral-

22 Indonesian organisations involved in Action

lel, we will also work with specific Indonesian

Indonesia Day 2019. This is a positive indicator

zoos to discuss how they can maximise their

of the strong engagement of Indonesian institu-

capacity to hold larger populations of GSMP

tions with the GSMPs. This year, as engage-

species, so that they can continue to conduct

ment in many zoos was challenging due to

breeding. We hope that permissions for zoos to

Covid-19, Action Indonesia Day was held virtu-

start DNA sampling for the PKBSI-led genetic

ally, with over 30 institutions from three conti-

assessment on zoo populations is granted from

nents sharing their animal facts, images, keep-

the Ministry of Environment and Forestry and

er talks and other content on social media.

that sampling can begin in 2021. We plan to

Looking ahead

continue

with

webinar husbandry training

courses for Indonesian zoos within a wider

In the next five years, we aim to reach the na-

training framework developed with PKBSI. We

tional ex situ population targets for the three

are excited to continue holding annual Action

ungulate taxa in Indonesia. This will then mean

Indonesia Day events to raise awareness glob-

that a more integrated global population can be

ally. We are also planning more in situ activi-

developed, through transfers between regions

ties,

to maximise the genetic diversity across all re-

GSMP species in Sulawesi, with the aim to

gions. The Sumatran tiger GSMP already is

promote behaviour change to protect babirusa

collaborating internationally and currently is fo-

and anoa from illegal hunting for consumption

cusing on improving the demographic and ge-

and trade.

netic health of the PKBSI population. These
targets need to be supported by demonstrable
improvements in welfare standards and husbandry expertise. For in situ populations further
focused planning is needed, underpinned by
reliable data on population trends and threats.
Action Indonesia will support this for at least
one population for each of the ungulate species, and we hope that local or international
partners can cover other key populations.
Greater awareness of these species and
change in behaviour of key groups should be
achieved through targeted awareness raising
activities using social marketing approaches to
mitigate the threats to the species.
In the coming two years we will plan and imple-

ment the third set of breeding and transfer rec52
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including

supporting

outreach

about

The considerable awareness of the GSMP
framework in Indonesian conservation community means that there is a strong opportunity to
expand this to include additional Indonesian
species that require in situ and ex situ efforts.
This should be done once the current objectives are well underway, capacity is in place

and processes are working effectively. We recommend that the process for developing a
more coordinated One Plan approach to conservation of any species should begin with following the decision-making framework outlined
in the IUCN SSC Guidelines on the Use of Ex
situ Management for Species Conservation
(IUCN SSC, 2014).
There has been strong involvement from many
zoos and other conservation organisations to
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date, and Action Indonesia has benefited huge-

A., Burton, J., Hulme-Beaman, A., Linder

ly from all the support provided. We hope that

holm, A., Larson, G., et al. 2018

this network of partners will grow further with

nous diversification of Sulawesi's Iconic arti

more

odactyls driven by recent geological events.

organisations

offering

their

support

through breeding the species, sharing their expertise and skills in husbandry and education,
or contributing funds or technical expertise to
the in situ projects. We have made major progress since 2016 and all partners and individuals should be proud of what has been achieved
through collaboration. We rely on all the partners’ continued support to deliver the amount
of work that still needs to be done over many
more years. Together, we can achieve our aim
of stable and healthy populations of banteng,
anoa, babirusa and Sumatran tigers.
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