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Report of carnivorous plants (Droseraceae, Lentibulariaceae
and Nepenthaceae) from seasonally dry savannahs in Ratanakiri

Province, Cambodia

Pierre-Olivier MAQUART '*, Frangois Sockhom MEY?, CHHUOY Kalyan', HENG Kimly?,
CHHUM Moeun', SUOR Kimhuor' & Sébastien BOYER'

" Medical and Veterinary Entomology Unit, Institut Pasteur du Cambodge, No. 5, Monivong Boulevard, PO Box 983,

Phnom Penh, 120210, Cambodia.

2 2b rue de l'abreuvoir, appartement 1105, 59320, Haubourdin, France.

* Corresponding author. Email pomaquart@pasteur-kh.org

Paper submitted 27 April 2021, revised manuscript accepted 20 August 2021.

Cambodia is home to several species of carnivorous
plants that attract, capture, kill and digest prey using
modified leaves that act as traps (Mey et al., 2010). This
group of plants currently consists of about 860 known
species belonging to 11 families and 18 genera (Cross et
al., 2020). In Cambodia, three genera from three fami-
lies have been recorded: the sundews Drosera L. (Dros-
eraceae), the pitcher plants Nepenthes L. (Nepenthaceae)
and the bladderworts Utricularia L. (Lentibulariaceae)
(McPherson, 2010). Until the beginning of the 21"
century, carnivorous plants in the Indochinese Penin-
sula (Cambodia, Laos, Thailand and Vietnam, i.e. Indo-
china, as circumscribed in floristic treatments such as
Lecompte (1965)) received little attention from scientists
(McPherson, 2010).

Due to their spectacular appearance, species within
the genus Nepenthes (commonly known as ‘tropical
pitcher plants’, or ‘ampuong sramoch’ and ‘ampuong
kraldm’ in Khmer) in the Indochinese Peninsula have
been subjected to intense research since the late 2000’s.
This has resulted in the description of 13 new species,
one emended species and one variety (Mey, 2009, 2010;
Cheek & Jebb, 2009; Catalano, 2010, 2014, 2015, 2017, 2018;
Mey et al., 2011), two of which are endemic to Cambodia:
N. bokorensis Mey and N. holdenii Mey (Mey et al., 2011).
At present, five pitcher plant species are known in

Cambodia and 18 from the four countries of the Indochi-
nese Peninsula (Cross et al., 2020). Most Nepenthes plants
in Cambodia occur in association with other carnivorous
plants such as Drosera, represented by four species in
Cambodia (Lecompte, 1965; Mey, 2015), and Utricularia,
represented by at least ten species in Cambodia (Taylor,
1989).

This article documents the first record of popula-
tions of D. burmannii Vahl (Droseraceae) (Fig. 1), U.
delphinioides Thorel. ex. Pellegr. (Lentibulariaceae) (Fig.
2) and N. smilesii Hemsl. (Nepenthaceae) (Fig. 2) in Veun
Sai—Siem Pang National Park, northeast Cambodia.
These populations were located in a seasonally dry and
sandy savannah (Fig. 3, referred to as ‘veal’ in Khmer)
near Virachey National Park in Ratanakiri Province
(exact location withheld for conservation purposes) at
an elevation of 110 metres. Based on our observations
and according to local rangers in January 2021, this may
be the only location where these species occur in the
park. The surface area covered by the plants was about
70 m? and a sample of each species was collected, dried
and conserved in the herbarium collection of the Royal
University of Phnom Penh under accession numbers
0001 (for D. burmannii), 0002 (N. smilesii) and 0003 (U.
delphinoides).

CITATION: Maquart, P-O., Mey, E.S., Chhuoy K., Heng K., Chhum M., Suor K. & Boyer, S. (2021) Report of carnivorous plants (Dros-
eraceae, Lentibulariaceae and Nepenthaceae) from seasonally dry savannahs in Ratanakiri Province, Cambodia. Cambodian Journal

of Natural History, 2021, 1-4.
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Fig. 1 Drosera burmannii Vahl (© Heng Kimly).

Fig. 3 Seasonally dry savannah in Veun Sai—Siem Pang
National Park.

Drosera burmannii is an acaulescent sundew which
forms a rosette of characteristic suborbicular leaves
covered with long peripheral tentacles. In Cambodia, it
can only be vaguely confused with the juvenile rosettes
of young D. lunata Buch.-Ham. ex DC before these
enter their caulescent phase. The basal rosette of D.
lunata produces petiolate, transversely elliptic or flabel-
late leaves which are very different from those of D.
burmannii (Lowrie et al., 2017a). Drosera burmannii is a
widespread sundew species which can be locally abun-
dant in Cambodia (Mey, unpublished data) and occurs
in India, China, Japan, throughout Southeast Asia and

© Centre for Biodiversity Conservation, Phnom Penh

Fig. 2 Pitchers of Nepenthes smilesii Hemsl. and distinctive
violet flower of Utricularia delphinioides Thorel. ex. Pellegr.
(upper right) (© Pierre-Olivier Maquart).

across the islands of the Malay Archipelago through to
New Guinea and Australia (Lowrie ef al., 2017b).

Our identification of the bladderwort U. delphinioides
was similarly straightforward as the species produces
a dense inflorescence of very distinctive dark violet
flowers (Taylor, 1989) which are the largest for the genus
in Cambodia and cannot be confused with any other
Utricularia species in the Indochinese Peninsula. Popula-
tions of the species with pink flowers have been recorded
in neighbouring Thailand (Catalano, 2010) but have yet
to be observed in Cambodia. Utricularia delphinioides also
occurs in Laos and Vietnam, where it grows in swamps,
near paddy fields, in open wet places in grasslands and
in open pine forests in acid soils (Taylor, 1989). Its distri-
bution in Cambodia appears to be much patchier than
that of D. burmannii, although this may be due to the
fact that it is virtually undetectable outside of flowering
periods.

Besides N. mirabilis, N. smilesii is the most widespread
pitcher plant species in the Indochinese Peninsula (Mey,
2010). The low elevation at which it is found in Ratanakiri
is unusual since the species mainly occurs between 500
and 1,000 m above sea level in the rest of the peninsula
(Mey, 2010). Nepenthes smilesii is a member of an informal
group referred to as the "Nepenthes thorelii aggregate’
(Mey, 2010) or the ‘Nepenthes smilesii group’ (Cheek &
Jebb, 2013). Both species groups include very closely
related species (including N. kampotiana, N. bokorensis
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and N. holdenii in Cambodia) that occur across the Indo-
chinese Peninsula and are now included in the Nepenthes
section Pyrophytae (Cheek & Jebb, 2016). Species in this
section are pyrophytes that almost exclusively occur
in nutrient-poor soil types in open to semi-open habi-
tats which are seasonally wet. Nepenthes plants survive
severe droughts and dry season fires in these habitats
due to their fleshy underground tuberous rootstocks. In
the Indochinese Peninsula, Nepenthes spp. usually grow
in acidic sandy soils and frequently occur in sympatry
with sundews such as D. indica L., D. burmannii L. (more
rarely D. serpens Planch. and D. lunata Buch.-Ham. ex
DC) and various bladderworts such as U. bifida L., U.
odorata Pellegr., U. minutissima Vahl, U. geoffrayi Pellegr.,
U. subuluta L. and U. caerulea L. (Mey, unpublished data).

Due to its close relationship with other taxa in the
“Nepenthes thorelii aggregate” in Cambodia, Laos, Vietnam
and Thailand, identification of N. smilesii is more compli-
cated than D. burmanii and U. delphinioides. However, N.
smilesii can be confidently distinguished by the following
characters: the taxon generally develops lower pitchers
that are cylindrical with a bulbous base and produced
at the end of relatively short tendrils, whereas the leaves
are conspicuously covered with short hairs. Because N.
holdenii and N. bokorensis are restricted to the Cardamom
Mountains and Phnom Bokor in Cambodia respectively,
N. smilesii can only be confused with N. kampotiana as both
taxa share the same habitat and develop similar cylin-
drical to narrowly infundibular yellow upper pitchers.
However, N. kampotiana generally produces pyriform to
subglobose lower pitchers at the end of long tendrils and
its vegetative parts are glabrous.

We observed the contents of N. smilesii pitchers and
found several digested arthropods including scorpions
(Arachnida: Scorpiones: Lychas spp.), ants (Hymenoptera:
Formicidae: Oecophylla spp.), assassin bugs (Hemiptera:
Reduviidae), but also some live larvae of Toxorhynchites
spp. (Diptera: Culicidae). While some Culicidae larvae,
like the Bornean endemics Culex rajah Tsukamoto, 1989,
Tx. rajah Tsukamoto, 1989 and Topomyia nepenthicola
Miyagi & Toma, 2007 are well-known nepenthebionts
(Tsukamoto, 1989; Miyagi & Toma, 2007), there are only
a few studies of the prey spectrum of the Indochinese
Nepenthes (Hosoishi ef al., 2012). Scorpions have been
observed in the pitchers of the natural hybrid N. mira-
bilis x thorelii in southern Vietnam (Mey, 2010), but what
attracts these predators to Nepenthes pitchers remains to
be studied and understood.

The last 15 years of research indicate that the natural
habitats of carnivorous plants in Cambodia have been
severely reduced in private lands, for agricultural expan-
sion, and in protected areas such as the Preah Monivong
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Bokor National Park, for the tourism industry (Mey,
2010). Carnivorous plants are threatened in the country
and two endemic taxa (N. bokorensis and N. holdenii) can
be regarded as Critically Endangered according to TUCN
Red List criteria (Cross et al., 2020). As the apparently
small populations of the three species in Veun Sai—Siem
Pang National Park demonstrate, carnivorous plants
are sometimes restricted to very small areas. We recom-
mend strict protection of these taxa and their habitats in
the national park. Monitoring is also required to develop
understanding of the diversity and distribution of carniv-
orous plants in Cambodia, so that they can be protected
in future. This particularly applies to the relatively incon-
spicuous species in the carnivorous plant genera Drosera
and Utricularia, and to a lesser extent, Nepenthes.
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The Dynastinae Macleay, 1819 is one of the largest
subfamilies in the Scarabaeidae (Coleoptera). The
subfamily includes about 1,500 species in 225 genera
(Beutel & Leschen, 2016) and over 200 species have been
described from Southeast Asia (Pathomwattananurak
et al., 2019). Within the region, the Dynastinae fauna of
Thailand is the most studied with 32 species recorded
(Pathomwattananurak et al., 2019), whereas aside
from collection records gathered at the end of the 19*
century and scattered taxonomic revisions (Jameson &
Drumont, 2013), in-depth work has yet to be conducted
in Cambodia.

Due to their large size and extravagant male ornamen-
tation, species within the genus Eupatorus Burmeister,
1847 are among the most remarkable rhinoceros beetles
in Southeast Asia. The genus is widely distributed in
Asia and Oceania and represented by eight species,
namely: Eupatorus becarii (Gestro, 1876), E. birmanicus
Arrow, 1908, E. endoi Nagai, 1999, E. gracilicornis Arrow,
1908, E. hardwickei (Hope, 1831), E. pyros Prandi &
Grossi, 2021, E. siamensis (Castelnau, 1867) and E. sukkiti
Miyashita & Arnaud, 1996. These beetles are generally
found in bamboo forests (Moskalenko, 2017), where the
larvae develop in the soil and feed on decaying wood for
about a year. Adults are usually active at the end of the
rainy season from August to November, feed on nectar,

plant sap and rotten fruits and live for about six months
(Moskalenko, 2017).

Historically, only E. gracillicornis, the most common
species in the genus and widely distributed from India to
China and throughout Southeast Asia, was recorded in
Cambodia (Moskalenko, 2017). More recently however,
E. sinmensis has been reported along the eastern region of
the Mekong River in Cambodia, although information on
its precise locations was not provided (Prandi & Grossi,
2021). Eupatorus siamensis is a large beetle (male size
ca. 43-75 mm) and was originally described from Siam
(present day Thailand). The type specimen (accession no.
MNHN-EC4171) is deposited in the Oberthiir Collection
in the Museum d’Histoire Naturelle de Paris. The species
is known from the Khao Yai, Kalasin, Chaiyaphum, Loei,
Mae Hong Son and Phetchabun provinces in Thailand
(Ek-Amnuay, 2008; Thinh & Tru, 2008; Pathomwattana-
nurak et al., 2019) and is also reported from Vietnam (Gia
Lai province) and Laos (no province specified) (Thinh
& Tru, 2008). While the presence of E. siamensis seems
credible in Vietnam and Laos, we are not aware of any
specimens deposited in museum collections and so these
records may need further confirmation.

We present herein a range expansion for E. siamensis
in Cambodia. Two large male specimens (60 and 65 mm)
were collected in the Chambok Community-Based Eco-

CITATION: Maquart, P-O., Sin S., Doeurk B., Chhorn S., Boyer, S. & Phauk S. (2021) Expansion of the range of Eupatorus siamensis
(Castelnau, 1867) (Coleoptera: Scarabaeidae: Dynastinae) in Cambodia. Cambodian Journal of Natural History, 2021, 5-7.
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Fig. 1 Location of Chambok Community-Based Eco-Tourism
Site (red polygon) in Kampong Speu Province, Cambodia.

Fig. 3 Live male of Eupatorus siamensis (Castelnau, 1867)
observed 4 km west of Kampot (© Greg Allen).

Tourism Site (CBET) in Kampong Speu Province (Fig.
1). These were collected using a UV-light trap in semi-
evergreen forest during entomological training sessions
focusing on Coleoptera as part of a collaboration between
the Cambodian Entomology Initiatives (CEI) and the Illi-
nois Natural History Survey in 2018. Our specimens of
the species are distinguished from other members of the
genus by their glabrous dorsa, their two divergent and
non-spatulate thoracic horns, dark chestnut habitus, and
the shape of their aedeagus (Prandi & Grossi, 2021) (Fig.
2).

The observation of E. siamensis was made in the
community protected area of the CBET, which forms part
of the Cardamom Mountains. The CBET occupies a total

© Centre for Biodiversity Conservation, Phnom Penh

Fig. 2 Dorsal (above) and lateral habitus of Eupatorus
siamensis (Castelnau, 1867) from Chambok Community-
Based Eco-Tourism Site.

area of 8,257 ha and borders Kirirom National Park (Lonn,
2013). Vegetation at the site includes bamboo forests,
semi-evergreen forests and grasslands with deciduous
forests (Chhorn et al., 2020; Sin ef al., 2020). Given their
similar vegetation patterns, it is possible that the species
occurs throughout the Cardamom and Damrei moun-
tain ranges. Furthermore, observations of E. siamensis
have been made by nature enthusiasts in Phnom Kulen
National Park, Phnom Bok and around Kampot (Allen,
2019) (Fig. 3). As such, the distribution of this insect may
be greater than expected and it could potentially occur in
most Cambodian dipterocarp forests that include areas
of bamboo.

This new record highlights the need for entomo-
logical studies and conservation of rare or endangered
invertebrates in Cambodia, as even the largest and more
noticeable insects such as E. siamensis are poorly docu-
mented. Fortunately, studies initiated by the CEI in 2015
are beginning to reduce this knowledge gap.

The specimens have been deposited in the collec-
tion of the CEI and include the following informa-
tion: two males (accession no. CEI-004124, CEI-004125)
“Cambodia, Kampong Speu Province, Chambok
Ecotourism, 11°22.31.1 N, 104°06.47.3 E, 111 m above sea
level, 04.X.2018, Phauk, McElrath, CEI team & BIOs stu.,
CAO0106, Light trap, S.N., Forest, rain forest, Eco-tour”.
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Members of the Silphidae are commonly known as
carrion beetles (Sikes, 2008). These provide essential
services by feeding on decaying organic matter such as
dead animals and recycling this in terrestrial ecosystems
(Shubeck & Blank, 1982; Wolf & Gibbs, 2004; Oliva &
Di-lorio, 2008; Kalinova et al., 2009; Midgley et al., 2010;
Dekeirsschieter et al., 2011), though not all species feed on
carrion (Anderson et al., 1984; Sikes, 2008). For example,
adults of Silpha spp. and Dendroxena spp. consume the
eggs and larvae of flies, snails, caterpillars and slugs,
whereas Aclypea spp. feed on plants (Sikes, 2008). Some
silphid species are attracted to fungi and dung (Hastir &
Gaspar, 2001; Sikes, 2005), whereas the remaining species
are necrophagous (Hastir & Gaspar, 2001; Sikes, 2005,
2008) and prefer vertebrate carcasses including pigs,
rodents and birds (Shubeck & Blank, 1982; Kalinova ef al.,
2009). These are located using sensitive chemoreceptors
on the antennal club (Boeckh, 1962; Ernst, 1972; Shubeck
& Blank, 1982; Smith & Heese, 1995; Kalinova et al., 2009)
up to distances of several kilometres (Petruska, 1975).

Carrion beetles are relatively easily recognized by
their flattened bodies, large size (10-35 mm in length),
lack of ocelli and elytra always punctate, with 6-7 differ-
entiated ventrites (Hansen, 1997). The family includes
two subfamilies which comprise approximately 187
valid species in 23 genera (Dobler & Muller, 2000; Sikes,
2008; Majka, 2011; Newton, 2021). The first, the Silphinae,

includes 14 genera, four subgenera and about 113 species
(Newton, 2021), whereas the second, the Nicrophorinae,
comprises 74 species and includes the well-known
burying beetles Nicrophorus spp. (Sikes, 2008).

Only two species of carrion beetles have been previ-
ously documented in Cambodia: N. nepalensis Hope, 1831
and Necrophila (Calosilpha) cyaniventris (Motschulsky,
1870). These were reported from Phumi Kalai Thum in
Ratanakiri Province (Fig. 1) (Nishikawa & Sikes, 2008;
Ruizicka et al., 2015) and both species are widely distrib-
uted, occuring from India to Southeast Asia. We present
the first country record of an additional species, Diamesus
osculans (Vigors, 1825), based on a single specimen and
photographs of additional individuals which were iden-
tified following Hope (1840), Williams (1981) and Peck
(2001). We also provide an identification key for the three
species of Silphidae now known in Cambodia.

Subfamily Silphinae, Genus Diamesus Hope, 1840,
Diamesus osculans (Vigors, 1825). Synonyms: D. reductus
Pic, 1917, Necrodes bifasciatus Dejean, 1833.

Material examined: one female (accession no.
CEI-004123, Fig. 2), Phnom Khnang Phsa, Rleak Korng
Cherng village, Ta Sal commune, Aural district, Kampong
Speu Province, 11°46.731" N, 103°46.592" E (Fig. 1), 869 m
above sea level (a.s.l.), 13.VIIL.2020, collected by Phauk S.
and CEI team using a light trap (LT02) situated in pine
forest near a stream.

CITATION: Sin S., Khin C., Chhorn S., Yok G., Phak S., Thou S. & Phauk S. (2021) First record of the carrion beetle Diamesus osculans
(Vigors, 1825) in Cambodia. Cambodian Journal of Natural History, 2021, 8-11.
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Fig. 3 Live Diamesus osculans scavenging on a wild pig

carcass in Prey Lang Wildlife Sanctuary, Stung Treng Prov-
ince (© Hun Seiha).

Additional records: Observed by Mr. Hun Seiha
on 15.XI1.2020 (https://www.inaturalist.org/observa-
tions/93230483; Fig. 3), Prey Lang Wildlife Sanctuary,
Stung Treng Province, 13°14.705" N, 105°37.278" E (Fig.
1), 129 m a.s.l.

Description: Body black and dorsoventrally flattened
with yellow setae, elytra shortened and not covering the
four terminal segments of the abdomen. These charac-
ters match the specimen of D. osculans described from
India (Peck, 2001). Pronotum finely punctate, two irreg-

Cambodian Journal of Natural History 2021 (1) 8—11

Fig. 2 Dorsal (left) and ventral (right) view of adult female
Diamesus osculans (Vigors, 1825) collected at Phnom Khnang
Phsa, Kampong Speu Province.

ular, orange maculae on each elytron. Antenna with 11
antennomeres, basal segment of club black, further two
segments of club greyish, segment XI orange at base
with red spot on apex. Setae on mesotarsus longer than
on other surfaces, metafemora weakly expanded. Body
large, length 42 mm (Fig. 2).

Ecology: Phnom Khnang Phsa is situated on the
border of the Koh Kong and Kampong Speu provinces
in the Central Cardamom Mountains National Park (Fig.
1). Habitats in the area include grasslands surrounded
by patches of evergreen and pine forests and elevations
reach up to 1,030 m a.s.l. Our specimen was captured
using a light trap and numerous individuals were photo-
graphed scavenging on a carcass of a wild pig Sus scrofa
Linnaeus, 1758 in the Stung Treng portion of Prey Lang
Wildlife Sanctuary (Fig. 3). Prey Lang represents one of
the largest areas of lowland evergreen forest remaining
in the Indo-Burma region (Hayes et al., 2015).

Distribution: Diamesus osculans is a widespread
species, occurring in Sri Lanka to southern India,
China, Philippines, Vietnam, Laos, Thailand, Malaysia,
Indonesia (Sumatra, Java, Borneo, Papua), Papua New
Guinea, New Britain, and Australia (Rtzicka et al., 2000,
2002; Peck, 2001). Our records represent the first for
Cambodia.

Carrion beetles have received very little attention in
Cambodia compared to other countries in Asia such as
India with 29 known species, China with 74 known
species, Japan with #27 known species, North Korea with

© Centre for Biodiversity Conservation, Phnom Penh
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=24 known species, South Korea with 26 known species

o0 vev

and Nepal with 20 known species (Razicka et al., 2011,
2015; Ruzicka, 2021). The genus Diamesus comprises just
two taxa, namely D. bimaculatus Portevin, 1914 which is
endemic to Taiwan (Peck, 2001) and D. osculans which is
widely distributed. Diamesus osculans has been recorded
at 235 m in Myanmar and up to 1,200 m in Laos (Rtzicka
et al., 2000), whereas we observed the species at 869 m
a.s.l. (Phnom Khnang Phsa) and 129 m a.s.l. (Prey Lang)

in Cambodia.

Our study contributes to understanding of carrion
beetles in Cambodia. These provide important services
in decomposing and recycling organic materials in
natural ecosystems and further inventory studies should
be undertaken to improve knowledge of their diversity
and occurrence in the country.

Key to the three species of Silphidae known in
Cambodia

1. Elytra completely without posterior macula,
blue metallic glossy. Pronotum orange in dorsal

VieW.. ..o Necrophila (Calosilpha) cyaniventris

1. Elytra with posterior macula, black metallic.
Pronotum black in dorsal View............cccoevvviiiiiniiinninnne. 2

2. Usually with orange spot medially on frons. Apical 3
segments of antennal club orange. Elytra with posterior
macula reaching dorsal margin.......Nicrophorus nepalensis

2’. Without any orange spot on frons. Apical 2 segments
of antennal club grayish, ultimate segment orange at base
and apex with a red spot. Elytra with posterior macula
not reaching dorsal margin..................... Diamesus osculans
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Giant ibis populations

Abstract

The Critically Endangered giant ibis Thaumatibis gigantea numbers fewer than 200 mature individuals that mainly occur
in Cambodia. Understanding the size and trends of remaining populations of the species are crucial to its successful
conservation management. Based on waterhole surveys in February—April 2020 and annual nest searches and moni-
toring in June-September of 2013-2020, we provide a second estimate for giant ibis populations in Siem Pang Wildlife
Sanctuary. On average, 50.6 giant ibises were detected each month in our waterhole surveys and most birds (58) were
detected in March. A total of 78 nests were located over the eight breeding seasons in 2013-2020. Numbers of nests
found each year increased and 74% of all nests proved successful. This led to 83 chicks fledging during the study period,
giving a mean figure of 1.06 chicks fledged per nest for all nests and 1.43 for successful nests alone. Our results indicate
a minimum of 53 mature giant ibises (26 pairs) occur in Siem Pang Wildlife Sanctuary, although the actual population
could be larger as only 25% of suitable habitats at the site were sampled. This is similar to a comparable estimate made
in 2014 and suggests giant ibis populations may be stable in Siem Pang Wildlife Sanctuary. While encouraging, the
reasons for failures of giant ibis nests remain incompletely known. The post-fledging survival rate of juvenile giant
ibises also remains unknown, as does the proportion of juveniles annually recruited into the local breeding population.

Studies that deploy tracking devices on juvenile birds could help to reduce these knowledge gaps.

Keywords Auditory detections, giant ibis, visual detections, waterholes.

Introduction

The giant ibis Thaumatibis gigantea is the largest species in
the worldwide ibis family Threskiornithidae and is listed
as Critically Endangered by the IUCN (BirdLife Inter-
national, 2018). Its taxonomic position in a monotypic
genus further increases its conservation importance. The
giant ibis has an extremely small population estimated at
194 individuals which has undergone an extremely rapid
decline as a result of hunting, disturbance and lowland
deforestation. It is likely to continue to decline rapidly
owing to on-going deforestation and human disturbance
(BirdLife International, 2018). The range of the species
has also contracted resulting in its extinction in Thailand
and near extinction in Laos and Vietnam, such that recent
records from the latter countries probably refer only to
spill-over from Cambodia (Eames et al., 2003). As a result,
the species may be considered as confined to Cambodia
for conservation purposes. The latter population is
currently confined to protected areas in northern and
eastern Cambodia including the Chhep, Kulen Promtep,
Siem Pang, Lomphat, Phnom Prich, Seima and Srepok
wildlife sanctuaries (Loveridge & Ty, 2015).

A ten-year action plan for the giant ibis has been
published for the period 2015-2025 (Loveridge & Ty,
2015). The third objective of this plan specifies the need
to “develop a unified census method”, “conduct census
of priority sites” and “identify and map priority sites
within protected areas to inform site management plans”
(Loveridge & Ty, 2015). The first systematic population
assessment for giant ibises comprised a survey (rather
than a census) undertaken in Siem Pang Wildlife Sanc-

Cambodian Journal of Natural History 2021 (1) 12-20

tuary (SPWS) (Ty et al., 2016). The authors estimated 49.5
+ 10 mature birds occurred at the site, but did not qualify
the basis for their error margin. The same methods were
later employed at Lomphat Wildlife Sanctuary where 40
giant ibises were estimated to occur (Pin et al., 2020). No
error margin was provided for the latter. We report here
on a waterhole (trapeang) survey undertaken at SPWS in
2020 and evaluate the breeding success of giant ibises at
the site between 2013-2020 to determine if any changes
have occurred in its populations.

Methods

Our study was conducted in SPWS which encompasses
1,337 km? in Stung Treng Province, northeast Cambodia
(140°10°N, 106°13’E; Fig 1). The sanctuary combines
the former Siem Pang and Prey Siem Pang Khang Lech
wildlife sanctuaries and was designated on 6 November
2019. The site is contiguous with the Xe Pian National
Protected Area (Laos) and the Virachey and Veun Sai-
Siem Pang national parks in Cambodia and forms part
of a 11,217 km? network of protected areas in Laos,
Cambodia and Vietnam, one of the largest nominally
protected landscapes in the Mekong basin (Loveridge
et al., 2018). The conservation importance of SPWS is
well documented and the site supports populations of
seven Critically Endangered taxa comprising five bird
species, one mammal species and one reptile species
(BirdLife International, 2012; Ty ef al., 2016; Loveridge
et al., 2017, 2018). Approximately half of the site consists
of deciduous dipterocarp forests which include over 200
waterholes and stretches of riverine forest that provide

© Centre for Biodiversity Conservation, Phnom Penh
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Fig. 1 Location of Siem Pang Wildlife Sanctuary and waterhole zones selected for giant ibis surveys in 2020.

suitable habitat for giant ibises. The local climate is
monsoonal with a pronounced wet and dry season,
which occur from May to October and from November to
April, respectively. Detailed accounts of the biodiversity,
vegetation and climate of SPWS are provided by BirdLife
International (2012) and Ty et al. (2016).

Waterhole surveys

Our survey was based on observations at waterholes
(Fig. 1) and adopted the methods developed by Ty et al.
(2016). Waterholes provide important foraging habitats
for giant ibises, especially during the dry season (Keo,
2008). The survey was conducted from the 17" to the
23 day of each month in February—April 2020. A team
of ten surveyors familiar with giant ibis were trained in
the survey protocol and GPS and compass use. Training
was not provided in distance estimation and surveyors
estimated their distance to calling birds based on their
personal experience.

To maximize detections, we focused on surveying
waterholes that were visited by giant ibises between 2015
and 2019. Following Ty et al. (2016), we did not attempt
to survey all known waterholes at SPWS since these

© Centre for Biodiversity Conservation, Phnom Penh

number over 200. Rather, we identified 76 waterholes
where at least one detection of giant ibis occurred during
the dry seasons (January—April) of 2015-2019. Fifty-one
of these waterholes were randomly selected for survey,
similar to the sample size of 49 waterholes selected by
Ty et al. (2016). To facilitate the field survey, each water-
hole was assigned to one of seven zones. Each zone was
located at least 3 km from its nearest neighbour and
included six to eight waterholes (Fig. 1).

A single zone was surveyed over the course of one
day by the field team and overall, each waterhole was
visited once each month by observers in pairs or indi-
vidually. Giant ibis frequently call from their roosts at
SPWS from 0500 to 0600 hrs, then cease calling and travel
to foraging sites around 0600 hrs (Ty et al., 2016). Because
disturbance caused by human activity generally begins
around 0700 hrs (Ty et al., 2016), our counts were confined
to 0530-0700 hrs to coincide with calling activity during
the least disturbed period of the day. To avoid distur-
bance, our observers approached waterholes slowly and
chose concealed vantage points affording a clear view of
the entire waterhole before 0530 hrs. Data recorded on
visual detections of giant ibises comprised: number of

Cambodian Journal of Natural History 2021 (1) 12-20
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Fig. 2 Locations of giant ibis nests monitored during the 2013-2020 breeding seasons in Siem Pang Wildlife Sanctuary.

individuals observed; time of observation; duration of
stay at waterhole; and entrance and exit direction, time
and flight height. The identity of any birds flushed on
approach to a waterhole was also noted. Data recorded
on auditory detections comprised the time, direction and
bearing of call and estimated distance from the observer.

Nest monitoring

The third objective of the action plan for giant ibis advo-
cates research efforts including nest monitoring to inform
conservation actions (Loveridge & Ty, 2015). Nest moni-
toring for giant ibises in SPWS predates this guidance,
having begun in 2013. More specifically, we undertook
searches for giant ibis nests from June to September each
year in 2013-2020.

Giant ibises begin mating in May and June and build
nests from late June until early August (Keo, 2008). Our
surveys were divided into two phases. Because giant
ibises show high fidelity to their nest sites (BirdLife
International, unpublished data), the first phase involved
checking nest locations found in the previous season,
whereas the second phase comprised searches for new
nests in new areas. During the first phase, we first checked

Cambodian Journal of Natural History 2021 (1) 12-20

the locations of nests from the previous season every two
weeks to minimize disturbance. This was undertaken
from June to July each year and once confirmed, the nests
were observed for at least 30 minutes once a fortnight
from incubation onwards. This monitoring increased to
one visit per week from the beginning of the hatching
period until fledging in an attempt to determine the dates
of both. Information on human disturbance and preda-
tion events were also recorded. Nests were considered
successful if their chicks fledged and failures if they did
not.

Searches for new nests were undertaken from July
to September each year. Adult giant ibises are more
conspicuous during this period as they are active and
frequently call. Following Ty ef al. (2016), listening posts
were employed to search areas of suitable habitat for
nests which comprised habitats in the vicinity of water-
holes, rivers and streams (Fig. 2) (Keo, 2008; Wright et al.,
2012). Searches were conducted over five- to seven-day
periods by a team of seven or more trained observers.
These were split into groups of two or three observers
and each group surveyed separate locations with a > 2km
radius from 0500 hrs every day to ensure detection of

© Centre for Biodiversity Conservation, Phnom Penh
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giant ibis calls made from their roosts. The direction and
distance of each calling bout was noted by the observers,
who then progressively navigated towards the calling
bird. In each instance, observers took care not to disturb
either member of the pair and remained alert to alarm
calls. Upon finding a nest, the observers recorded its
location and estimated the height and identity of the nest
tree. Once confirmed, all new nests were monitored as
previously outlined.

Data analysis

Waterhole surveys: Following Ty et al. (2016) and Pin et al.
(2020), we screened our data to remove potential double-
counts of the same individual in vocal and sight detec-
tions as follows: 1) when birds were observed flying
from the same direction as previously detected calling
birds, one of the detections was excluded; 2) vocal detec-
tions of individual birds by the same observers within a
45° radius were considered the same individual unless
they occurred at the same time. Potential double counts
of individual birds moving between waterholes on the
same morning (as suggested by their timing) were also
excluded. More specifically, we first considered the
time a bird was sighted at a given location, the time it
departed for another location and the bearing on which
it departed. If a bird was then observed flying from the
direction in which one had already been recorded, this
record was excluded from the count for the new location.

Following these adjustments, a maximum monthly
count was calculated for each zone following Ty et al.
(2016) by summing the number of unique individuals
recorded by visual and auditory detections. A minimum
monthly count was also calculated for each zone which
was based on auditory detections alone (as these provided
higher counts). The actual estimate of monthly detec-
tion for each zone was taken as the mid-point between
these two figures in providing a conservative estimate
combining both types of detections (Ty et al., 2016).

Nest monitoring: Following Pin et al. (2020), we
summed the number of nests found each year, distin-
guishing the number of successful nests, the number
of fledged chicks recorded at each nest, and the total
number of giant ibis recorded (including adults and
young seen at nests). We estimated the total number of
giant ibis recorded by summing the number of fledged
chicks and adults seen at nests during the monitoring
period. The average number of chicks per nest was esti-
mated by dividing the total number of fledged chicks by
the total number of successful nests (Pin et al., 2020).
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Results

Waterhole surveys

Following removal of 36 potential double-counts from
our data for February, 41 from March and 43 from April,
our minimum and maximum counts for giant ibises were
41 and 51 in February, 48 and 58 in March and 30 and
43 in April, respectively (Table 1). Our monthly popu-
lation estimates were consequently of 46 giant ibises in
February, 53 in March and 36.5 in April. Total numbers of
visual detections were similar between months, whereas
figures for auditory detections were similar in February
and March but lower in April. The mean monthly total
for detections (auditory and visual) was 50.6 birds. The
greatest number of giant ibises were recorded at water-
holes in zone seven (Fig. 1).

Nest monitoring

A total of 78 giant ibis nests were found and monitored
during the study period (Table 2, Fig. 3). The number of
nests found each year increased from two in 2013 to a
maximum of 16 in 2018 and decreased in 2019 and 2020.
Fifty-eight (74%) of the 78 nests were successful and a
total of 83 chicks fledged over the study period. An
average of 1.06 fledged chicks per nest was recorded for
all nests monitored, whereas the equivalent figure for
successful nests only was 1.43. On average, 7.25 of the
9.75 nests found each year were successful, with 10.5
chicks fledging per study year.

Twenty-six percent of nests were not successful,
mostly for unknown reasons. One chick was found
dead in a nest, whereas another was found dead under
the nest tree. Broken eggs were found under a nest tree
on six occasions, whereas bad weather (wind and rain)
caused nest failure on one occasion and disturbance from
nearby logging on two occasions. Predation was not
observed but claw marks made by the Southeast Asian
monitor lizard Varanus nebulosus were observed on a
nest tree on two occasions (Mem Mai pers. obs.). A party
of long-tailed macaques Macaca fascicularis were also
observed 70 m from a failed nest on another occasion.
The best documented case of nest destruction by another
species involved a juvenile slender-billed vulture Gyps
tenuirostris which nested in the same tree as a giant ibis
nest at Jong Brolay Kondal (14°10"35”N, 106°16’5”E) in
August 2020. The fledged juvenile returned to the nest
tree to roost on 3 August, but did so in the giant ibis nest,
resulting in its destruction (Fig. 4).
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Table 1 Corrected figures for visual and auditory detections of giant ibises in Siem Pang Wildlife Sanctuary in February—

Giant ibis populations

April 2020.
Februa March April

Zone Walje(;.h(:)ies Visual lZ;uditory Visual Auditory Visual - Auditory
Detections Detections Detections Detections Detections Detections

1 8 2 0 0 4 2 4

2 7 2 10 0 6 1

3 7 0 2 3 2 0 4

4 6 0 5 3 7 2 5

5 8 0 9 4 8 3 7

6 7 1 3 0 5 3 0

7 8 5 12 0 16 2 6

subtotal 51 10 41 10 48 13 30

Total 51 58 43

Table 2 Summary of nest monitoring results for giant ibises in Siem Pang Wildlife Sanctuary, 2013-2020.

Breeding Nests found Successful nests No. of adults No. of chicks Total individuals
season fledged

2013 2 1 4 1 5

2014 4 3 8 4 12
2015 11 6 22 6 28
2016 9 9 18 16 34
2017 15 13 30 19 49
2018 16 12 32 16 48
2019 11 7 22 11 33
2020 10 7 20 10 30
Total 78 58 156 83 239

Discussion the 2014 estimate of 49.5 birds (Ty et al., 2016). In contrast,

Our study is the second attempt to determine the popu-
lation size of giant ibises in SPWS. The first attempt was
undertaken in 2014 and provided a minimum popula-
tion estimate of 49.5 + 10 adults (Ty et al., 2016). Unlike
a similar study in Lomphat Wildlife Sanctuary (Pin et al.,
2020), total numbers of adult giant ibis derived from our
waterhole surveys and nest monitoring differed mark-
edly. For example, the results of our waterhole survey
suggest a minimum of 53 + 5 mature giant ibises (26
pairs) occurred at SPWS in 2020. This figure is similar to

Cambodian Journal of Natural History 2021 (1) 12-20

our nest monitoring data for the same year suggested a
minimum population of 20 adults and 10 fledglings,
giving a total of 30 individuals. This is based on ten
nests being found and assumes the species is monoga-
mous.

During our study design, we selected waterholes
known to be frequented by giant ibises due to time and
resource constraints. This would bias any attempt to
extrapolate our results to larger areas. Notwithstanding
this, since we only sampled 51 of the 200 waterholes
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currently known in SPWS, our population estimate
would likely have been higher had all of the waterholes
were sampled. This also seems probable considering over
3,023 incidental sightings of giant ibises were made in
SPWS between 2013 and 2019, an average of 36 sightings
per month (BirdLife International, unpublished data).

The timing of our waterhole survey differed slightly
from Ty et al. (2016) who undertook their field work
in January—March and obtained the highest count in
February. Our field work was conducted in February-
April and obtained the highest combined count in March.
Notwithstanding this, our visual detections were highest
in April 2020 when the rains began. These precipitated
the first yearly emergence of large numbers of frogs
which may have stimulated giant ibis activity. This raises
the possibility that the February—April might be a more
appropriate survey period. Increases in the number of
observers and waterholes sampled would likely also lead
to a greater proportion of the population being detected.
One difficulty experienced with the survey method was
distance estimation. As this becomes increasingly subjec-
tive beyond 100 m, it would be worth including training
and ground-truthing for distance estimation in prepara-
tions for future surveys.

The number of nests we found each year differed
greatly, ranging from a low of two nests in 2013 to a high
of 16 nests in 2018 (Table 2). As the survey team remained
largely unchanged during the study period, our team
members became more familiar with nest searches and
the ecology and breeding behaviour of giant ibises.
Similar to the findings of Pin et al. (2020) in Lomphat
Wildlife Sanctuary, we believe this likely contributed to
improved levels of nest detection over time.

During the course of our study, we detected breeding
of giant ibises outside of the typical nesting season. In
2016 and 2017 for instance, a giant ibis nest along the
Sekong River fledged young in early December. Addi-
tionally, a pair of giant ibises were observed building a
nest next to the O’Lao’k Stream in early October 2020. If
successful, this nest would have fledged in January 2021.
As such, continuation of nest searches through October
each year might increase the number of nests found in
future surveys.

We recorded a nest success rate of 74% (58 of 78
nests) which is lower than the 90% rate (28 of 31 nests)
documented at Lomphat Wildlife Sanctuary by Pin et al.
(2020). The reasons for this difference are not clear. Pin
et al. (2020) recorded an average figure of 1.53 chicks
fledging per nest whereas our average figures were 1.06
for all nests and 1.43 for successful nests alone. These
differences cannot be explained by differences in conser-
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vation effort between the sites because nest protection
efforts were not undertaken at Lomphat Wildlife Sanc-
tuary (Pin ef al., 2020) whereas the use of nest guardians
ceased at SPWS in 2016.

Although 83 giant ibises successfully fledged during
our study at SPWS, the causes of nest failures remain
incompletely known. Nest predation by common palm
civets Paradoxurus hermaphroditus and/or yellow-throated
martens Martes flavigula was reported on two occasions
in 2004 (Keo, 2008). However, no supporting evidence
was provided and Southeast Asian monitor lizards were
not considered. The latter species is widespread in the
deciduous dipterocarp forests at SPWS, an accomplished
tree-climber and its close relative, the water monitor
lizard Varanus salvator, is known to feed on birds and
their eggs (Das, 2010). Southeast Asian monitor lizards
are targeted by human hunters at SPWS and it is possible
that this hunting pressure may have contributed to
successful fledging of giant ibis chicks by reducing local
populations of the lizard. While less than ideal, this
possibility might be preferable on balance, considering
Southeast Asian monitor lizards are widely distributed
in the region and regarded as Least Concern, whereas
giant ibises are largely confined to Cambodia and Criti-
cally Endangered.

The post-fledging survival rate of juvenile giant
ibises remains unknown at SPWS, as does the proportion
of juveniles annually recruited into the local breeding
population. This is unlikely to be optimal however. For
example, a juvenile giant ibis was found in a weakened
state near Trapeang Daikla (14°1144”N, 106°14’2"”E) on
16 November 2020. This was easily captured by hand
and taken into care and was later reported to be under-
weight, dehydrated and suffering from a feather louse
infestation and possibly avian malaria (BirdLife Interna-
tional, unpublished data). The bird has since recovered
(Christel Griffoen, pers. comm.).

Two large groups of giant ibises were observed
during the study period which were unprecedented.
A flock of 15 giant ibises was recorded at Veel Kreel
(14°10"34”N, 106°13’22”E) on 4 July 2018. As this date
appears too early for flocks of post-breeding adults
and young, they could potentially have been non-
breeding birds. Additionally, a flock of 14 giant ibises
was recorded at O’Sangke (14°16'19”N, 106° 3'25”E) on
21 September 2018. This date is late enough to include
post-breeding adults and juveniles, although the age of
first breeding and whether giant ibises breed annually
remains unknown. The deployment of tracking devices
on juvenile birds would help to fill this knowledge gap
and is recommended in the action plan for giant ibises
(Loveridge & Ty, 2015). It would also help to determine

© Centre for Biodiversity Conservation, Phnom Penh

19



20

Eang S. et al.

whether giant ibises are truly monogamous (currently
assumed to be the case), their degree of fidelity to nest
sites and provide an indication of territory sizes, none of
which are currently known.
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Abstract

Leaf phenology is an important component of forest ecosystems as it determines the quantity and physiological activity
of leaves, the organs that carry out photosynthesis. We assessed the phenology of leaf shedding and flushing in a
lowland dry evergreen forest in Kampong Thom Province, Cambodia. Leaf litter surveys indicated that the peak of
leaf shedding occurred during the early dry season for tall dipterocarps (Dipterocarpus costatus and Anisoptera costata),
but during the late dry season for mid- to low-canopy tree species. Bud scale drop phenology and canopy observations

suggested that flushing occurred early in the dry season in upper-canopy dipterocarps. Stand-scale leaf mass, measured

CITATION: Ito E., Tith B., Keth S., Chann S, lida S., Shimizu T., Tamai K., Araki M., Kabeya N., Shimizu A. & Kanzaki M. (2021)
Bimodal leaf fall in a lowland dry evergreen forest in Cambodia. Cambodian Journal of Natural History, 2021, 21-39.
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optically as leaf area index, showed two periods of slight, but significant reduction: one in the early dry season and the

other in the late dry season. This indicates that flushing in low- and mid-canopy species occurred in the last phase of

the dry season at the latest. We propose hypothetical explanations for the ecological advantages of these discrete pheno-

logical patterns. An anomalous leaf shedding event was also found in association with a lengthy monsoon break. Forest

degradation, including the removal of tall dipterocarp trees, is ongoing in lowland dry evergreen forests. This may lead

to substantial changes in lowland dry evergreen forest ecosystems by altering stand-scale leaf phenology and leaf mass.

Keywords Anisoptera costata, Dipterocarpus costatus, ENSO, forest degradation, leaf area index, leaf phenology,

lowland dry evergreen forest

Introduction

Evergreen forests occupied 15.8 % of the land area in
Cambodia as of 2016 (Fig. 1; Ministry of Environment,
2018). Evergreen forests in Cambodia are classified into
four subtypes, based on lowland or sub-montane loca-
tion and moist or dry climate, using the classification
system of the Terrestrial Vegetation and Land-use Patterns
map published by the Ministry of Environment (MoE)
in 2007 (cited in Brun, 2013). This subdivision is based
on elevation, with 650 m used as the boundary between
lowland and sub-montane vegetation types, as well as
other bioclimatic criteria that differentiate the humid
coastal ranges (moist, annual precipitation ca. >2000
mm), lower-humidity inland forests (dry) and hinter-
lands (Brun, 2013) (Fig. 2). Lowland dry evergreen forest,
one of the four evergreen forest subtypes, is referred to
as dry evergreen forest in the classification system of the
Cambodian Forestry Administration (FA, 2011). Lowland
dry evergreen forests in Cambodia typically develop
on sandy alluvial plains, where soils are deep. Despite
the seasonal tropical climate in which little rain falls for
half the year (Kabeya et al., 2007), plants in lowland dry
evergreen forests have access to abundant groundwater
(Araki et al., 2008; Ohnuki et al., 2008b; Toriyama et al.,
2011) via their deep root systems (Tanaka et al., 2004;
Ohnuki et al., 2008a). This facilitates year-round foliage
retention, resulting in evergreen forests. Such habitats
occur to the north of the Tonlé Sap flood basin and west
of the Mekong River (Fig. 3; Rundel, 1999). These areas
are referred to as “Semi-Evergreen Forest on Alluvial
Plains” in Rundel’s (1999) classification and details of the
forest classification systems used in Cambodia have been
described by Brun (2013).

Lowland dry evergreen forests comprise multi-story
forests of trees that maintain their leaves throughout the
year, as is typical for evergreen forests (FA, 2011). Despite
relatively constant leaf mass (Richardson et al., 2013), the
physiological activity of the canopy in evergreen forests
may not be constant. This is because physiological
activity in leaves typically changes during leaf matura-

© Centre for Biodiversity Conservation, Phnom Penh

tion (Pallardy, 2010), as demonstrated by a tall diptero-
carp in a lowland dry evergreen forest (Ito et al., 2018).
In other words, the leaf age structure of the canopy can
govern physiological activities in the canopy (Field, 1987;
Brodribb & Holbrook, 2005).

Leaf phenology refers to the recurring temporal
aspects of natural phenomena associated with leaves,
such as leaf flush, maturation, senescence and defolia-
tion. As a result, it may be important for understanding
the seasonality of eco-hydrological processes in tropical
dry forests (Hutyra et al., 2007, Wu et al., 2016, 2017).
Leaf phenology may vary according to community
composition because dynamic changes in leaf age struc-
ture within the canopy can arise from the combined
phenology of individual tree species at the stand scale.
Understanding stand-scale leaf phenology may provide
insight into ecosystem structure and function in forest
systems (Cleland et al., 2007). As a consequence, clari-
fying stand-scale leaf phenology in the lowland dry ever-
green forests of Cambodia may enhance understanding
of forest ecosystems nationally and inform conservation
planning for these.

Thus far, leaf phenology in Cambodian forests has
mainly been studied in the context of remote sensing and
land/forest classification. Clear differences in phenology
have been observed between evergreen and deciduous
forests during the dry season, whereby deciduous forests
showed marked and spatially-uniform losses and subse-
quent gains in new leaf area, whereas evergreen forests
exhibited less pronounced changes (e.g., Ito et al., 2008).
Almost all remote sensing studies of the phenology of
evergreen forests have assumed either negligible intra-
annual variability (e.g., Langner et al., 2014) or unimodal
seasonal changes, i.e., that leaf flushing occurs once a
year (Venkatappa et al., 2019; Scheiter et al., 2020). An
exception is the study of Ito et al. (2008), who used satel-
lite imagery to demonstrate that the leaf phenology of
Cambodian evergreen forests is spatially and tempo-
rally heterogeneous. Although Ito et al. (2008) found that
approximately 30% of evergreen forests shed a detectable
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the black line indicates the basin of the Chinit River.
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Fig. 3 Geology of Cambodia. Data provided by the Forestry Adminstration (Cambodia). The open square represents the
study site and the black line indicates the basin of the Chinit River.

volume of leaves twice during a single dry season (i.e.,
early and late in the dry season), they did not explicitly
link this heterogeneity to the characteristics of the sites or
species present in each forest. Species-specific leaf pheno-
logical characteristics have been widely reported for
species in the Dipterocarpaceae (reviewed by Ghazoul,
2016). This family includes many of the major compo-
nent species of Cambodian forests (FA & Cambodia
Tree Seed Project, 2003), although available reports do
not include dipterocarp species that occur in lowland
dry evergreen forests. To the best of our knowledge, no
reports based on empirical field data exist on the stand-
scale leaf phenology of lowland dry evergreen forests in
Cambodia.

The objective of our study was to investigate leaf
phenology in a lowland dry evergreen forest in central
Cambodia. We measured leaf and bud-scale fall using
litter traps, directly observed leaf flush and optically
measured seasonal changes in leaf mass. We also consider
hypothetical explanations for the ecological functions of
the phenological patterns observed. Finally, we consider
how extreme climate events and forest degradation
may influence leaf phenology and related ecosystem
processes.

© Centre for Biodiversity Conservation, Phnom Penh

Methods

Study site

The study site was located in Kampong Thom Province
(12°76'N, 105°48’E; Figs 1-3), within the Stung Chinit
River catchment where the Stung Chinit River flows
through the central plains of Cambodia into Tonlé Sap
Lake. While elevations within the Chinit catchment range
from 19 to 653 m, 90% of the drainage area is below 140
m (Kabeya et al., 2021). The study site was situated in a
flat, gently rolling alluvial plain 80-100 m above sea level
(a.s.l.), on sandy alluvium with shale distributed in the
upstream area (Fig. 3). The forest at the study site was
classified as lowland dry evergreen forest in the Terres-
trial Vegetation and Land-use Patterns map published by
MoE in 2007 (cited in Brun, 2013). The study forest had a
basal area of 42.3 m? ha™ and a tree density of 1,817 trees
ha™ (diameter at breast height [DBH] > 5 cm), based on a
census conducted within a 30 x 80 m permanent sample
plot in 2011. Two tall dipterocarp species, Dipterocarpus
costatus C.F. Gaertn and Anisoptera costata Korth., domi-
nated the upper canopy layer of the forest (Pooma, 2002;
Tani et al., 2007) and details of the plant species composi-
tion of the study area are provided in Annex 1.
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Seasonal and interannual variations in precipitation

Cambodia has a subtropical climate driven by two
monsoon seasons: the cool, dry northeastern monsoon
from November to March, and the humid southwestern
monsoon from May to October (Kabeya et al., 2021). The
seasonal tropical climate of our study area can generally
be divided into three seasons: an early dry season with
little rain (ca. 50 mm) and decreasing air temperature
(from 25.5 to 24.5 °C), a late dry season with little rain
(ca. 100 mm, pre-monsoon rain, Kabeya et al., 2007) and
increasing air temperature (from 25 to 28 °C), and a rainy
season providing >90 % of the annual precipitation, with
moderate air temperature (approximately 26°C) (Kabeya
et al., 2008; Chann et al., 2011). We defined the timing
of these three seasons as follows: early dry season (late
October—late December), late dry season (early January—
mid May), and rainy season (late May-mid October).

The monsoon exhibits substantial interannual vari-
ability which is closely related to El Nifio/Southern Oscil-
lation (ENSO) (Rasdnen & Kummu, 2013). In Southeast
Asia and Oceania, the El Nino phase tends to result
in high temperatures and water shortages, whereas
substantial rainfall tends to occur during the La Nifia
phase. According to Kabeya et al. (2021) for 2007-2016
and our data for 2000-2006 and 2017-2019 (classified
using the same methods), an El Nifio phase occurred in
the central lowlands of Cambodia during 2005, 2010 and
2015-2016, whereas a La Nifla phase occurred during
2000-2001, 2006, 20082009 and 20112012 and a neutral
phase during 2002-2004, 2007, 2013-2014 and 2017-2019
(EI Nifio and La Nifia phases were distinguished based on
Southern Oscillation Index values of =10 and +10, respec-
tively). Based on observations in 2007-2016, the annual
rainfall of neutral, La Nifa, and El Nifio years near the
study site was approximately 1,600 mm, >1,800 mm and
1,100-1,200 mm, respectively (Kabeya et al., 2021).

Kabeya et al. (2021) reported the mean onset and
withdrawal dates of the rainy season in 20072016 as 26
May (+ 18 days) and 25 October (+ 13 days), respectively.
These were based on Matsumoto (1997) in defining “the
onset (withdrawal) of the summer rainy season is that
of the first (last) pentad (5-days) when the mean pentad
precipitation exceeds annual mean pentad precipitation
[Pm = (Annual precipitation) / 73] in at least three consec-
utive pentads, following (before being) lower than it in
more than three consecutive pentads. The middle date
of this defined pentad is considered the onset or with-
drawal date”. Onset and withdrawal dates for 2004-2006
were obtained by Kabeya et al. (unpublished data). The
summer rainy season is sometimes divided into two rainy
seasons based on breaks similar to short dry seasons,
known as monsoon breaks (Matsumoto, 1997). Monsoon
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breaks were defined as periods when pentad precipita-
tion was lower than Pm for more than three consecutive
pentads (Kabeya et al.,, 2021). A relationship between
monsoon breaks and ENSO phase has been suggested
(Kabeya et al., 2021). From 2007 to 2016, monsoon breaks
were observed in 2008, 2009, 2012 and 2016 at the study
site (e.g., four out of 10 years, with three of the four year
being in the La Nifa phase) (Kabeya et al., 2021). Breaks
typically began around the end of July or early August
and had a mean duration of 36 days (Kabeya et al., 2021).

Seasonal variations in groundwater level and solar
radiation

Soils at the study site are generally sandy and classified
as Haplic Acrisols (Alumic, Profondic) in the World Refer-
ence Base for Soil Resources (Toriyama et al., 2007, 2008).
The depth of the groundwater table varies substantially
due to the gently undulating nature of the overlying
topography. The depth of the groundwater table and
corresponding rooting depth are ca. -10 m at the end of
the dry season (Araki et al., 2008; Ohnuki et al., 2008a,
2008b) and the soils dry rapidly in December (Araki ef al.,
2008). Interannual variations in monthly mean ground-
water levels are available for 2004-2007 (Fig. 4a, revised
from Chann et al., 2011).

Meteorological data have been collected at the site
using a 60 m tall observation tower since 2004, although
data gaps have resulted from mechanical breakdowns
caused by lightning and other factors (Nobuhiro et al.,
2009; Chann et al., 2011). Seasonal variations in solar radi-
ation are relatively minor, despite the presence of distinct
rainy and dry seasons. This is because rainfall is concen-
trated in the evening (Nobuhiro et al., 2010). Seasonal
differences in solar radiation in the study area were typi-
cally <10%, with the exception of the last two months of
the rainy season, when the difference was 20% (Fig. 4b,
revised from Chann ef al., 2011).

Leaf phenology

We investigated stand-scale leaf phenology using the
following three methods.

1. Litter traps— Litter collection was used to assess leaf
shedding phenology from September 2004 to January
2015. This period was divided into three phases in data
analyses. During Phase I (September 2004-February
2007), a 1 m? frame was employed for litter collection
in the study forest. During Phase II (February 2007-
February 2009), a second 1 m? frame was added for
litter collection. During Phase III (March 2009-January
2015), four litter net traps with a total area of 2 m? were
employed within a 50 x 100 m forest stand.

© Centre for Biodiversity Conservation, Phnom Penh
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Fig. 4 Variations in monthly mean groundwater level (a) and monthly mean daily solar radiation (b) at the study site in
2004-2007. Data were unavailable for June 2005 and September 2006 for groundwater level and for June-August 2005 and

September 2006 for solar radiation.

Litter was generally collected three times per month.
However, longer collection intervals occurred on three
occasions during the early stages of Phase I (namely a
47-day collection interval from 24 September 2004-10
November 2004, a 20-day collection interval from 30
December 2004-19 January 2005 and a 40-day collection
interval from 19 January 2005-28 February 2005) (Fig. 5).

All litter collected was divided according to species
and the oven-dried weights for each species were
recorded. We report the weights for tall dipterocarps
(D. costatus [‘Chhoeuteal Bankouy” in Khmer] and A.
costata ["Phdiek’]), mid-layer dipterocarps (Vatica odorata
(Griff.) Symington ['Chromas’] and Hopea recopei Pierre
ex Laness. [‘Chromas Trang’]), and other mid- to under-
story tree species. Litter collected from trees in the middle
to understory layers included an abundance of mate-
rial from Diospyros spp. and Syzygium spp. These layers
also included some mid-sized to tall tree species such as
Lophopetalum duperreanum Pierre and Sindora siamensis
Teysm. ex Miq. and further information on these species
is given in Annex 1. Some shrub (e.g., Psydrax pergra-
cilis (Bourd.) Ridsdale) and vine (e.g., several species
of Uwvaria (Annonaceae), Willughbeia edulis Roxb. (Apoc-
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ynaceae), and Peltophorum dasyrhachis (Miq.) Kurz
(Fabaceae)) species were also represented in the litter.
We also counted the number of tree species producing
fallen leaves during each collection interval. The amount
of fallen leaves was corrected for trap area (g m™), but
not for collection interval, except for the longer collection
intervals previously mentioned.

Because Dipterocarpus species produce a distinctive
bud scale indicative of leaf flushing, the amount of bud
scales collected by litter traps was used to estimate the leaf
flushing phenology of D. costatus. These data, collected
from October 2006 to February 2007 (during Phase I),
were used for reference only due to errors made by local
collectors whereby uncollected scales were carried over
to later collection intervals.

2. Direct crown observations—Crown observations
were conducted using binoculars to confirm the leaf flush
phenology of D. costatus and A. costata. Observations
were made from 29 September 2004 to 19 September 2005
and from 30 October 2006 to 30 June 2012. Observations
were made three times per month, generally on the 10,
20" and 30™, but sometimes varied by 1-2 days. Three
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Fig. 5 Leaf shedding phenology of tall dipterocarps in a Cambodian lowland evergreen forest. Horizontal lines indicate the
duration of the rainy season, with onset and withdrawal dates. Bold capital letters and numbers in parentheses refer to the El
Nifno/La Nifa phase, and the length (in days) of the monsoon break (0 if it did not occur): E, El Nifio; L, La Nifa; N, neutral.
No data are shown for the 2004-2006 monsoon break. Dates were derived from Kabeya et al. (2021) and Kabeya ef al. (unpub-
lished data). Asterisks (*) in Phase I indicate notes regarding collection interval extension (see text for details). The data for
the three phases were corrected for 10-day intervals.

individuals of each tree species were observed and the
presence or absence of leaves in the canopy was recorded.
We also recorded whether pale green leaves were present
in the canopy, which were assumed to be freshly devel-
oped. The recording threshold was set at 10% or more of
total leaves in the canopy being newly flushed.

3. Optical measurement of leaf area index—Seasonal
changes in leaf area at the stand scale were estimated
using non-destructive optical methods (plant canopy
analyser, LAI-2000, Li-Cor, Nebraska, USA) to determine
the leaf area index (LAIL m m™). The LAI was estimated
at ten points, which produced different measurements.
When using the plant canopy analyser, the sensor’s
azimuthal field of view was limited to 90°. These meas-
urements were typically made once a month from March
2003 to May 2012, although measurement interval varied.
In addition, we also estimated LAI on the basis of hemi-
2011). These were
taken on the same day and at the same locations as the

spherical photographs (Tani et al.,
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plant canopy analyser measurements, except in 2008
(due to equipment loss).

Leaf mass per area

The leaf mass per area (LMA) of D. costatus was meas-
ured from fallen leaves collected in litter traps for inter-
vals with at least ten leaves from August 2005 to July
2006. Five constant-area (30 mm?) discs were punched
out from a collected leaf, oven-dried and individually
weighed. Shrinkage of drying fallen leaves relative to
fresh leaves was neglected. In total, 585 leaves collected
on 14 days were measured.

Statistical analysis

Seasonal changes in leaf litter weights in four categories
(D. costatus, A. costata, mid-layered dipterocarps, and
other mid- to understory species) were assessed using a
generalized linear model (GLM) framework. The GLM
incorporated collection date as a categorical explana-

© Centre for Biodiversity Conservation, Phnom Penh
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tory variable (10 day periods, 36 periods per year). The
amounts of litter per category were influenced by trap
location and individual trees. Importantly, numerical
data could not be directly compared across collection
phases. For this reason, we incorporated collection phase
(i.e, PHASE I, II, or III) into the GLM as a categorical
random effect. We excluded data up to February 2005
(Phase I) from the analysis due to the extended collec-
tion intervals. The hypothesis that each parameter had
a value of zero was evaluated using t-tests. The GLM
estimated the least square means (LSMs) of litter weights
in four categories for each collection date. LSMs repre-
sent the predicted values across the various collection
dates when other model factors were held constant at
the average coefficient over all levels for each factor. The
amount of litter that fell during each of three periods,
i.e,, the early dry season (late October-late December),
the late dry season (early January-mid May), and the
rainy season (late May—-mid October), was estimated by
summing the predicted LSMs from each collection date.
The percentage of leaf fall occurring in each period was
calculated based on the total annual leaf fall.

LAI data collected between March 2003 and June
2004 (totalling 16 measurement periods) using the plant
canopy analyser were assessed to determine seasonal
changes. We used a GLM framework incorporating
measurement date as a categorical explanatory vari-
able and measurement point (1 = 10) as a random effect.
Significant differences among measurement dates were
evaluated using post-hoc Tukey-Kramer HSD tests.

We observed occasional fluctuations in the plant
canopy analyser data collected after July 2004. These
may have been caused by the deterioration of the sensors
during the measurement period, but this cannot be
confirmed. The data for the entire period, as measured
using the two methods (plant canopy analyser and hemi-
spherical photographs), were subjected to the following
statistical analyses to detect seasonal trends in LAI while
mitigating the effects of instrument malfunctions, differ-
ences between instruments, uneven measurement dates
and inter-annual variations in canopy conditions due
to tree growth and mortality. Seasonal changes in LAI
were assessed using a GLM framework incorporating
measurement date as a categorical explanatory variable
(10-day periods, 36 periods per year), and measurement
point, measurement method (plant canopy analyser or
hemispherical photographs), measurement year, and
the interaction of the latter two variables as random
effects. Since LAI was not measured on the same day
every month, each measurement date was classified into
10-day periods (i.e., 36 periods per year), then converted
into categorical data and incorporated into the GLM. No
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data were available for mid-April. The hypothesis that
each parameter had a value of zero was evaluated using
t-tests. The GLM estimated LSMs for each measurement
date. Annual mean (+ SD) and range were estimated by
averaging and ranging the LSM for each measurement
date.

Seasonal variations in LMA were assessed using a
GLM framework incorporating collection date as an
explanatory variable and individual leaf as a random
effect. Significant differences among dates were evalu-
ated using post-hoc Tukey-Kramer HSD tests. The GLM
estimated LSMs for each sampling date. All statistical
analysis was conducted using JMP statistical software
(ver. 10.0, SAS Institute Inc., North Carolina, USA).

Results

Phenology of leaf and bud scale shed

Leaf and bud scale shedding phenology are shown in
Figs 5-7. The tall dipterocarps D. costatus and A. costata
shed leaves during the early dry season (Fig. 5). The
shedding peak of A. costata was 0-20 days earlier than
that of D. costatus. For D. costatus, sporadic leaf shedding
was observed in the early rainy season (Fig. 5). The peak
of leaf shedding for tall dipterocarp species in the early
dry season was generally sharp, excluding blunt peaks
observed in 2008-2009 (Fig. 5, Phase II), or from 2014 to
2015 (Fig. 5, Phase III). The dates of onset and termina-
tion and the duration of the rainy season or El Nifo/La
Nifia phase, and the occurrence and lengths of monsoon
breaks (derived from Kabeya et al., 2021; Kabeya et al.,
unpublished data) are also shown in Fig. 5.

Mid- and lower layer components of the forest,
including other dipterocarps (Vatica odorata and Hopea
recopei) mainly shed leaves in the late dry season (Fig.
6). The number of species shedding leaves was relatively
large in the late dry season, with peaks in January-
February for most species (Fig. 6). The peak of leaf shed-
ding for low- and mid-canopy species was relatively
blunt, except for a sharp peak in February 2009 (Fig. 6,
Phase II).

The fall of D. costatus bud scales typically peaked
between mid-November and mid-December (Fig. 7). The
peak of bud scale fall (i.e., the peak of leaf flushing) coin-
cided with peak leaf fall in D. costatus (Fig. 5). Bud scale
fall from D. costatus was also observed during the late dry
season and early in the rainy season (Fig. 7).

Leaf fall patterns were further generalized through
GLM analysis (Fig. 8). Significantly elevated levels of leaf
shedding continued over 40 days and 60 days in the early
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dry season for D. costatus and A. costata, respectively (Fig.
8a-b). Peaks in leaf shedding were less clear and lasted
longer during late dry season in mid- to low-canopy
species (Fig. 8c—d).

According to our GLM, 50.8% and 58.2% of total
annual leaf fall occurred during the early dry season for
D. costatus and A. costata, respectively. During the late dry
season, 27.9% and 19.9% of total annual leaf fall occurred
for D. costatus and A. costata, respectively. Meanwhile,
21.4% and 18.3% of the annual leaf fall for mid-layer
dipterocarps and other mid- and understory species
occurred in the early dry season, respectively. During
the late dry season, 54.4% and 58.9% of annual leaf fall
occurred for the mid-layer dipterocarps and other mid-
and understory species, respectively. Some mid- to low-
canopy species displayed leaf shedding throughout the
dry and rainy seasons. For example, leaf litter from Pelto-
phorum dasyrhachis (Miq.) Kurz (Fabaceae) and Syzygium
syzygioides (Miq.) Merr. & L.M. Perry (Myrtaceae) were-
found on 87% and 82% (respectively) of all collection
dates in Phase III (n = 213). However, the peak of leaf
shedding occurred during the late dry season (February)
rather than the early dry season.

Direct crown observations

Direct observations confirmed that leafless branches were
rarely observed on D. costatus and A. costata throughout
the year. Leaf flushing occurred mainly during November
and December in these two tall dipterocarps. The peak
of leaf flushing was slightly earlier in A. costata (mid—
late November) than D. costatus (late November—early
December) (Table 1).

Leaf area index

Leaf area index measurements collected with the plant
canopy analyser during the first study year (March
2003 to June 2004) are shown in Table 2. Maximum
and minimum values were observed in mid-July (4.66
m m?’) and late April (3.85 m m™), respectively. The
annual difference (0.81 m m™) corresponded to 17% of
the largest observed LAI value. We consistently observed
relatively large values during the rainy season, which
did not differ significantly from the maximum observed
values. Values decreased in mid-November (4.15 m m™)
as the rainy season shifted towards the onset of the dry
season, and then gradually increased in late December
and mid-January. LAI decreased rapidly between mid-
January (4.26 m m™) and late April (3.85 m m™), but
began to increase again (3.88 m m™) in mid-May, before
the rainy season started. The increase in mid-May was
observed in both 2003 and 2004.

© Centre for Biodiversity Conservation, Phnom Penh

The GLM based on the full dataset estimated that
annual mean (+ SD) LAl was 3.93 +0.23 m m™ and ranged
from 3.53 to 4.39 m m™ (Fig. 9). The annual difference
(0.86 m m™) was equivalent to 20% of the largest observed
LAI value. The largest and second largest LAI occurred
in early August (4.39 m m™) and late June (4.35 m m™),
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Fig. 8 GLM analysis of leaf shedding phenology in a lowland
dry evergreen forest in Cambodia. Fallen leaf litter weights
were estimated for each collection date (ten-day periods in
each month, 36 dates per year) for four categories: (a) the tall
dipterocarp D. costatus, (b) the tall dipterocarp A. costata, (c)
the mid-layer dipterocarps V. odorata and H. recopei, and (d)
other mid- and understory species. The line charts with error
bars show the least squares means and the upper and lower
95% confidence intervals. Collection dates which showed
significant positive values are indicated with asterisks: ****
< 0.0001; *** < 0.001; ** < 0.01; and * < 0.05. Statistical F- and
p-values are given in the upper right corner of each panel.
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respectively. The lowest and second lowest LAI occurred
in early March (3.53 m m™) and late November (3.55 m
m™), respectively. Collection dates for which t-tests indi-
cated significant positive or negative parameter values
typically occurred during the rainy and dry seasons,
respectively. In contrast, we identified two periods in the
year when LAI gradually increased while continuously
exhibiting neutral parameter values: mid-December to
early January and late April to mid-May.

The GLM results also indicated no significant differ-
ences between the two data collection methods during
2003-2007, but significantly higher and lower LAI values
were found for the plant canopy analyser relative to
the hemispherical photographs in 2008 and 20092012,
respectively (data not shown). As potential effects of
mechanical aging of the plant canopy analyser and
missing data in hemispherical photographs could not be
accounted for, we do not discuss inter-annual variation
in LAL

Leaf mass per area

The mean LMA of D. costatus was 138.0 g m?. LMA
showed slight but significant differences relative to leaf
falling date (Fis,567.4 = 4.74, p < 0.0001, Table 3). Post-hoc

Leaf fall patterns in dry evergreen forest

Tukey-Kramer HSD tests indicated that leaves that fell
early in the dry season (10 November and 19 November,
Table 3) had relatively high LMA values.

Discussion

Leaf phenology is discrete in lowland dry evergreen
forests

Our study revealed discrete leaf shedding phenology in
two tall dipterocarp tree species, which peaked in the
early dry season, and low- to mid-forest layer species,
which peaked in the late dry season (Figs 5-6, 8). We also
assessed the leaf flushing phenology of two tall diptero-
carp tree species based on the phenology of bud scale fall
(Fig. 7) and canopy observations (Table 1). These flushed
immediately after leaf shedding. That LAI decreased
early in the dry season and increased soon after (Table 2,
Fig. 9) is consistent with this observation.

The leaf flushing phenology of species in the low to
middle tree layers was not directly assessed, but may be
indirectly estimated based on seasonal changes in LAL
LAI gradually decreased in the later portions of the
dry season (Table 2, Fig. 9), when species in the low to

Table 1 Leaf flushing phenology based on direct observations. Numbers of observed trees with newly flushed leaves in the

crown are shown. ‘—’ indicates a value of zero. Three individual trees of each species were observed. Direct observations were

made three times per month from February to September, but no leaf flushing was observed.

Late Rainy Season Early Dry Season Mid Dry Season
Species Year October November December January
10 20 30 10 20 30 10 20 30 10 20 30
2004-05 - - - - 2 1 - - - - -
2006-07 - - - 1 3 3 3 3 - - - -
2007-08 - 1 2 3 1 - - - - - - -
coi.ata 2008-09 - - - 1 2 3 2 - - - - -
2009-10 - - - 3 3 3 2 2 1 - - -
2010-11 - - - - 2 3 2 2 - - - -
2011-12 - - - 1 2 3 2 2 2 - - -
2004-05 - - - - 2 3 2 1 - - - -
200607 - - - 3 3 3 3 2 - - - -
2007-08 - - - 3 3 3 3 - - - - -
cos%tus 2008-09 - - - - - 1 2 3 3 2 - -
2009-10 - - - 1 2 3 3 3 3 2 - -
2010-11 - - - 1 1 3 3 2 1 - - -
2011-12 - - - - 3 3 3 3 3 - - -
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Table 2 Leaf area index (LAI, m? m~) values obtained in the
lowland dry evergreen forest, Cambodia. Values lacking
a common superscript letter are significantly different at
p<0.05 based on Tukey’s honest significant difference.

Table 3 Seasonal changes in leaf mass per area (LMA, g
m-2) of fallen leaves of D. costatus. Values lacking a common
superscript letter are significantly different at p<0.05 based
on Tukey’s honest significant difference.

Year Date Season Mean (n=10) SD Year Date Season LSM n
Mar. 14 Late-Dry 3.96 0.72 Aug. 30 Rainy 146.4 bed 12
Apr. 10 Late-Dry 3.97 ¢k 0.82 Sep. 10 Rainy 129.8¢ 26
May 18 Late-Dry 4.27 e 0.78 Sep.29  Rainy 143.6 #bede 18
Jun. 17 Rainy 4464 1.00 Nov. 10  Early-Dry 151.1 2 10
~ a 2005
2003 M8 Rainy 4'663}) 0.90 Nov.19 Farly-Dry  146.2° 48
Aug 17 Rainy 4.54 0.94 Dec. 10 Early Dry  137.4 bete 207
.14 Rai 4,38 e 0.90
Sep amy Dec.20 Early-Dry  137.8 et 62
Oct. 16 Rainy 4,404 091
Dec. 30  Early—Dry 137.0 bede 78
Nov. 16  Early-Dry 4,15 cdefe 0.77
) Jan. 10  Late—Dry 135.8 abede 24
Dec. 21  Early—Dry 4,18 cdefe 0.78
- abcde
Jan.20  Late-Dry 4.26 beder 0.78 Jan.30  Late-Dry  134.1 17
- abcde
Feb.27 LateDry  4.07¢% 0.84 S0 (Pr20 LateDry 1375 16
soos Mar27 LateDry 403 0.78 May9  Late-Dry 1309 20
Apr.25  Late-Dry 3.85" 0.72 May 19 Late-Dry 1328 31
May 18  Late-Dry 3.88: 0.70 Jun. 20 Rainy 146.9 ** 16
Jun. 20 Rainy 4.02 ¢feh 0.73 Mean+ SD  138.0+17.8

middle layers had shed their leaves (Fig. 6), but began
to increase shortly before the end of the late dry season
and continued to increase gradually throughout the first
half of the rainy season (Table 2, Fig. 9). This suggests
that species in the low to middle layers flush, at the
latest, during the last month of the dry season. However,
it is unclear how long the flushing lasted, because the
gradual increase in LAI during the first half of the rainy
season may be attributable not only flushing but also leaf
expansion.

Bimodal leaf shedding behaviour during the dry
season has been observed optically in ca. 30% of the
evergreen forests in Cambodia via analyses of satellite
imagery (Ito et al., 2008). It is possible that the stand-scale
leaf dynamics we observed are common in Cambodian
evergreen forests.

Ecological advantages of leaf flushing in the early dry
season

Leaf flushing in the early dry season was displayed by
a few upper-canopy species in our study i.e., D. costatus
and A. costata (Table 1, Fig. 5). Our LMA measurements
for D. costatus may provide insights into the advantages
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of this behaviour (Table 3). The leaf characteristics of
dipterocarp trees depend on tree height and thick and
hard leaves are found in the upper part of the tree canopy
(Kenzo et al., 2006, 2012), as in other forests (e.g., Cavaleri
et al., 2010). High LMA values imply that fallen leaves
originated in the upper canopy layers. Relatively high
LMAs were observed in leaves that fell in early to mid-
November, just after the onset of the dry season (Table 3).
This suggests that the upper portion of the canopy sheds
its leaves early in the dry season. Moreover, given the
assumption of ca. 1-year leaf longevity (Ito et al., 2018),
the elevated LMA of fallen leaves during the early dry
season implies that the upper part of the tree canopy
flushes leaves during the early dry season. Leaf expan-
sion requires a large supply of water (Dale, 1988). The two
tall dipterocarp tree species considered here commonly
reach 30-35 m in height (Toyama et al., 2013). We have
also found that they can reach maximum heights of 45
m and stem diameters of 130 cm (Ito et al., unpublished
data). Thus, it may be advantageous to exchange upper-
canopy leaves in the early dry season, when the ground-
water level is still high (Fig. 4a; Araki et al., 2008).

Moreover, leaf flushing in the early dry season may
be advantageous given seasonal variation in solar radia-
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Fig. 9 Seasonal changes in leaf area index (LAI) in Cambo-
dian lowland dry evergreen forests. The LSMs of LAI and
95% prediction intervals for each collection date are shown
as connected straight lines and vertical lines, respectively.
Collection dates which showed significant positive or nega-
tive parameter values are indicated with asterisks above and
below the vertical lines, respectively: **** <0.0001; *** <0.001;
**<0.01; and * < 0.05. Closed circles indicate the largest and
second largest LAIL Open circles indicate the lowest and
second lowest LAI The horizontal dashed line indicates the
mean value (3.93). No data were available for mid-April.

tion. The annual difference in solar radiation was gener-
ally small (<10%) but decreased by 20 % in the last two
months of the rainy season (Fig. 4b). Therefore, the early
dry season represents a period of increased solar radia-
tion and relatively abundant soil moisture, wherein
newly flushed leaves with high physiological activity
may be advantageous to an individual tree.

Ecological advantages of leaf retention early in the dry
season

For low and mid-canopy species, we observed leaf reten-
tion and gradual leaf shedding early and late in the dry
season respectively (Fig. 6), and estimated leaf flushing
from the last phase of the dry season (around mid-May
in Table 2 and late April in Fig. 9). Flushing has been
widely reported as occurring late in the dry season in
tropical dry forests (Borchert, 1994; Elliott et al., 2006).
The reasons why new leaves develop prior to rainfall
have been discussed, and the phenomenon appears to
be particularly common among species that are drought-
tolerant (Reich & Borchert, 1984) or deeply rooted
(Wright & van Schaik, 1994). The discrete leaf phenolog-
ical patterns we observed raise an additional question:
why does the phenology of low- and mid-canopy species
differ from that of co-existing upper-canopy species?
While we cannot fully answer this question, we discuss
the ecological advantages of leaf retention in the early
dry season below.

It should be noted that light resources for low- and
mid-canopy species are influenced not only by climatic
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conditions, but also by the leaf mass of upper-canopy
species. Our data indicate that the volume of leaves in
the canopy is temporarily reduced early in the dry season
by leaf shedding among upper-canopy species, whereas
low- and mid-canopy species retain their leaves. It can be
inferred that light availability for low- and mid-canopy
species is optimal in the early dry season. Retaining
leaves and continuing photosynthesis may be an adap-
tive behaviour for low- and mid-canopy species in the
early dry season, when light conditions are most favour-
able. Light and water may be less severely limiting in
lowland dry evergreen forests compared to other forests
in tropical Asia (Huete et al., 2008) and the Neotropics
(Saleska et al., 2003; Xiao et al., 2005; Huete et al., 2006;
Hutyra et al., 2007), but the availability of these resources
varies according to canopy position. Plants may exhibit
a variety of adaptive phenological behaviours, and
the main driver of leaf phenology in tropical East Asia
remains unclear (Corlett, 2014). Further clarification of the
proximate and ultimate factors driving leaf phenology
will advance our understanding of how extreme weather
events may influence lowland dry evergreen forests.

Anomalous leaf shedding phenology and its association
with lengthy monsoon breaks

An anomalous, gradual leaf shed by tall dipterocarps
occurred in the middle of the rainy season in August—
September 2008 (Fig. 5, Phase II). The La Nifna phase
was identified during the 2008 rainy season, whereby a
monsoon break began in early August 2008 and lasted
70 days (Fig. 5; Kabeya et al., 2021). This break was twice
the mean length of monsoon breaks observed in the
study area (36 days: Kabeya et al., 2021). Monsoon breaks
are regarded as short dry seasons (Kabeya et al., 2021)
and it is possible that the unusual shedding event that
we observed was associated with this lengthy monsoon
break. While this situation occurred only once during
our study period, it may be indicative of a response
to extreme weather conditions that could occur more
frequently in the future.

Following the blunt peak in leaf shedding for tall
dipterocarps in the early dry season in 2008 (Fig. 5, Phase
II), we observed a relatively sharp peak in leaf shedding
of low- and mid-canopy species in February 2009 (Fig. 6,
Phase II). This may also be tied to the lengthy monsoon
break. Plausible causes for the latter include the direct
effect of water shortage during this period. Unfortu-
nately, we do not have direct data on the quantity and
timing of leaf flushing for low- and mid-canopy species
during the 2008-2009 dry season. However, if the early
and rapid leaf shedding was caused by water short-
ages, we can assume that the subsequent leaf flushing
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would have occurred later than usual, and that stand-
scale leaf mass remained low until the onset of the rainy
season provided sufficient moisture. Conversely, the
early, gradual leaf shedding exhibited by upper-canopy
dipterocarps may have created an unusually long period
of favourable light conditions for low- and mid-canopy
species. Other studies have noted the need for further
investigation of the effects of anomalies in rainfall on
forest water cycles (Tanaka et al., 2008). Comprehensive
assessments of the impacts of long monsoon breaks on
phenology and site environmental conditions is neces-
sary to surmise how extreme weather events will affect
lowland dry evergreen forest ecosystems.

Potential changes in leaf phenology resulting from forest
degradation

Anthropogenic forest degradation cannot be ignored
when assessing the future of lowland dry evergreen forest
ecosystems in Cambodia. Deforestation in Cambodia
has slowed, but not stopped (MoE, 2018). Due to rapid
development in the region, evapotranspiration-related
impacts of climate change on river flow in the Mekong
River basin have become a concern (Thompson et al.,
2013). Evergreen forests have been degraded by selective
logging (FA, 2011). Dipterocarps, which are the dominant
species in typical lowland dry evergreen forests (Rundel,
1999), are among the primary targets for illegal and unre-
ported logging (Kim Phat et al., 2002). Forest degradation
and phenological changes could have significant impacts
on the regional water cycle due to feedbacks between
vegetation and the climate system (Saleska et al., 2003;
Richardson et al., 2013).

Degradation in lowland dry evergreen forests may
affect local meteorological conditions in the following
three respects. First, the removal of tall dipterocarp trees
would inevitably reduce stand biomass, as dipterocarp
trees account for more than 50% of the total volume of
dense (>300 m® ha™) forests (Kim Phat et al., 2000; Kao
& Iida, 2006). This is likely to influence total evapotran-
spiration at the stand level. Second, removing large trees
may reduce transpiration late in the dry season because
the remaining small trees are likely unable to access deep
soil moisture (Tamai et al., 2008).

Third, forest degradation may alter stand-scale leaf
phenology. Our results imply that the removal of tall
dipterocarps would reduce newly flushing leaves in the
early dry season. Tree-scale transpiration depends on the
leaf age structure of the crown and leaf age-dependent
physiological activity (lida et al., 2013; Ito et al., 2018).
Altering the proportions of young and old leaves within
the canopy may affect transpiration. Our results also
indicate that the selective logging of tall dipterocarps
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alters the bimodal seasonal pattern in total leaf area.
Leaf area is a key parameter for assessing transpira-
tion in forests (Stewart, 1988; Iida et al., 2016). Although
seasonal changes in total leaf area at our study site were
less pronounced than those observed in a deciduous
dipterocarp forest (17-20% versus ca. 70%, Table 2, Fig.
9; lida et al., 2020), this variation and further alterations,
may affect transpiration at the stand scale. Furthermore,
the effects of forest degradation may be compounded by
climate change, as discussed in the previous section. As a
consequence, further studies should incorporate factors
related to leaf phenology into a multi-layer evapotran-
spiration model (e.g., Tanaka et al., 2002, 2003) to assess
potential future forest ecosystems.
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Annex 1 List of tree species in the study area with a DBH >5 cm

Family Species Tree density Basal Area Maximum
(trees ha-1) (m2 ha-1) DBH (cm)
Anacardiaceae Mangifera duppereana Pierre 333 0.44 222
Annonaceae Melodorum fruticosum Lour. 4.2 0.01 5.5
Apocynaceae Willughbeia edulis Roxb. 8.3 0.03 7.4
Apocynaceae spp. (vine) 12.5 0.04 6.9
Calophyllaceae Calophyllum sp. 4.2 0.03 9.8
Capparaceae Capparaceae sp. 16.7 0.16 14.4
Celastraceae Lophopetalum duperreanum Pierre 58.3 0.46 14.8
Clusiaceae Garcinia benthamii Pierre 4.2 0.11 18.1
Garcinia lanessanii Pierre 4.2 0.02 8.4
Garcinia merguensis Wight 4.2 0.01 5.4
Connaraceae Ellipanthus tomentosus Kurz 4.2 0.01 5.7
Dipterocarpaceae  Anisoptera costata Korth. 45.8 8.73 92.7
Dipterocarpus costatus C.F.Gaertn. 25.0 10.86 129.8
Hopea recopei Pierre ex Laness. 337.5 3.96 24.1
Vatica harmandiana Pierre 8.3 0.10 16.8
Vatica odorata (Griff.) Symington 275.0 4.04 26.5
Ebenaceae Diospyros filipendula Pierre ex Lecomte 12.5 0.19 20.2
Diospyros montana Roxb. 4.2 0.02 8.6
Diospyros undulata Wall. 75.0 0.29 10.6
Diospyros venosa Wall. ex A.DC. 145.8 0.92 15.4
Euphorbiaceae Croton poilanei Gagnep. 83 0.12 18.5
Suregada glomerulata Baill. 8.3 0.02 5.6
Fabaceae Albizia corniculata (Lour.) Druce 4.2 0.05 12.7
Sindora siamensis Teijsm. ex Miq. 29.2 2.23 70.4
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Annex 1 Cont’d

Family Species Tree density Basal Area Maximum
(trees ha) (m? ha) DBH (cm)
Fagaceae iz:lgzrcrzlllilfspus harmandii (Hickel & A.Camus) 42 0.02 35
Irvingiaceae Irvingia malayana Oliver ex A.Benn. 4.2 0.46 37.4
Lauraceae Beilschmiedia inconspicua Kosterm. 12.5 0.10 13.8
Malvaceae Microcos tomentosa Sm. 12.5 0.05 8.2
Melastomataceae ~ Memecylon caeruleum Jack 37.5 0.31 24.0
Memecylon lilacinum Zoll. & Moritzi 12.5 0.05 8.8
Memecylon sp.1 16.7 0.08 11.1
Memecylon sp.2 41.7 0.17 8.9
Myristicaceae Knema globularia (Lam.) Warb. 4.2 0.02 8.1
Myrtaceae iyzévgg:lrfr albiflorum (Duthie ex Kurz) Bahadur & 125 0.08 105
Syzygium angkae (Craib) Chantaran. & J.Parn 12.5 0.21 21.2
Syzygium chanlos (Gagnep.) Merr. & L.M.Perry 54.2 1.02 22.5
Syzygium grande (Wight) N.P.Balakr. 8.3 0.15 19.5
Lé);zi/vizgtm oblatum (Roxb.) Wall. ex Cowan & 542 1.00 35.0
Syzygium syzygioides (Miq.) Merr. & L.M. Perry 75.0 2.33 38.0
Syzygium zeylanicum (L.) DC. 16.7 0.07 9.7
Ochnaceae Ochna integerrima (Lour.) Merr. 12.5 0.03 54
Pentaphylacaceae  Ternstroemia wallichiana Ridl. 333 0.28 15.7
Peraceae Chaetocarpus castanocarpus Thwaites 16.7 0.24 21.1
Phyllanthaceae Antidesma puncticulatum Miq. 4.2 0.02 8.7
Aporosa ficifolia Baill. 29.2 0.24 14.4
Aporosa planchoniana Baill. ex Miill. Arg. 8.3 0.02 5.5
Aporosa tetrapleura Hance 8.3 0.03 6.3
Hymenocardia punctata Wall. ex Lindl. 4.2 0.02 6.9
Polygalaceae Xanthophyllum flavescens Roxb. 95.8 1.80 35.0
Rhizophoraceae Carallia brachiata (Lour.) Merr. 4.2 0.01 5.8
Rutaceae Clausena excavata Burm.f. 4.2 0.01 5.0
Sapindaceae Nephelium hypoleucum Kurz 12.5 0.11 14.0
Xerospermum laevigatum Radlk. ssp. laevigatum 4.2 0.01 6.3
Schoepfiaceae Schoepfia fragrans Wall. 8.3 0.03 6.9
Stemonuraceae Gomphandra sp. 4.2 0.02 8.7
Symplocaceae L(S'I{Z[Z)og)goct.ochinchinensis S.Moore ssp.laurina 33 011 174
Unknown Unidentified sp.01 4.2 0.05 12.7
Unidentified sp.02 4.2 0.04 11.2
Unidentified sp.03 4.2 0.04 11.7
Unidentified sp.04 4.2 0.02 8.7
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Leaf fall patterns in dry evergreen forest

Famil Speci Tree density Basal Area Maximum
ami ecies
y P (trees ha) (m? ha) DBH (cm)
Unidentified sp.05 4.2 0.02 7.1
Unidentified sp.06 4.2 0.10 17.7
Unidentified vein sp.01 12.5 0.03 6.4
Unidentified vein sp.02 8.3 0.04 9.2
Total 1817 42.3 129.8
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Abstract

Banteng Bos javanicus is an Endangered wild cattle species that is highly threatened by the Southeast Asian snaring
epidemic. While northeast Cambodia is one of the species” global strongholds, an important banteng subpopula-
tion has survived in southwest Cambodia thanks to a group of community rangers who have patrolled the Prambei
Mom Community Forest and surrounding plantations since 2003. In early 2020, the patrols were formalized using the
Community Anti-Poaching Unit (CAPU) approach and a camera trap survey was initiated. The aim of our study was
to quantify and document changes in snaring intensity and its impacts on the local banteng population by comparing

CITATION: Gish, E.D., Leroux, N. & Marx, N. (2021) Snaring epidemic threatens an Endangered banteng Bos javanicus population of
global conservation significance in southwest Cambodia. Cambodian Journal of Natural History, 2021, 40-52.
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available data for 2020 with the same period in 2021. To account for variations in ranger patrol efforts, monthly rates

of snare removal/patrol-hour were calculated over time using CAPU data for February—July 2020 and 2021. Between

these periods, the rate of snare removal increased 55% from 0.5 snares/patrol-hour to 1.1 snares/patrol-hour. Camera

trap data for bantengs with old versus new snare wounds and documented deaths also showed upward trends. This

surge in snaring coincides with significant growth in COVID-19 cases and worsening socio-economic impacts from

the pandemic in Cambodia. If these trends continue, the banteng population at Prambei Mom will likely be extirpated

unless the Forestry Administration can increase its law enforcement support for community ranger patrols.

Keywords Banteng, Cambodia, community anti-poaching, COVID-19 impacts, patrolling, snaring epidemic.

Introduction

Southeast Asian wildlife faces an unprecedented snaring
epidemic that is driving defaunation of forest habitats
(Belecky & Gray, 2020) and studies have shown that
“near total loss of certain groups of taxa, particularly
large mammals” is increasing, even in remaining areas
of good quality forest (Gray et al., 2021). Snares made of
affordable and easily available materials such as cord or
wire are widely used for hunting (O’Kelly et al., 2018).
These are almost indiscriminate and when heavily
distributed in large numbers throughout the forest
floor pose an especially high threat to ground-dwelling
mammals such as bantengs Bos janavicus (Dobson et al.,
2019b; Gray ef al., 2021). Snares are one of the cruelest
forms of hunting, as animals can be held for days before
eventually perishing from dehydration or starvation.
They are also extremely wasteful, with one study finding
up to 60% of animals found in snares were decomposed
(Gray et al., 2021). Even animals that manage to escape
often die afterwards from infections or injuries. This is
particularly the case for larger mammals that break free,
as the snare noose can remain around the leg, constricting
the flow of blood. This causes infection, usually the loss
of the lower part of the snared limb, and ultimately the
death of the animal. Rescues of snared animals brought
for treatment to Phnom Tamao Wildlife Rescue Centre,
Takeo Province, Cambodia, often die if the injury is long-
standing because appropriate treatment has not been
administered soon enough (N. Marx, pers. obs.).

Cambodia is a global stronghold for bantengs, an
Endangered species of wild cattle which is rapidly
declining due to extensive habitat loss and hunting.
Gardener et al. (2016) estimated the remaining global
population of bantengs at 8,000 individuals, around 60%
of which occur in northeastern Cambodia. While the latter
authors confirmed bantengs as Endangered, they also
stated “Declines in the Indochinese population are likely
to approach the threshold (80% ongoing decline) rate for
listing as Critically Endangered”. In addition, following
a multi-year survey of ground-dwelling mammals in

Cambodian Journal of Natural History 2021 (1) 40-52

southwestern Cambodia, it was concluded bantengs
had been extirpated (Gray et al., 2017). However, Wild-
life Alliance (WA) staff learned from Facebook posts in
2018 that a substantial banteng population still existed at
the edge of this region in Prambei Mom (Kampong Speu
Province), thanks to the vigilant protection of several
herds by a group of local community rangers since 2003

(Fig. 1).

Long-term dedication to voluntary patrolling is
rare in Indochina, or indeed anywhere. The commu-
nity rangers at Prambei Mom persevere because they
genuinely value ‘their’ bantengs and because, like the
bantengs and other wildlife present, they also depend on
the remaining forests. Local people harvest non-timber
forest products (NTFP) from the area, although these
are a diminishing resource as surrounding forests have
been converted into sugarcane plantations by wealthy
outsiders. Despite their best efforts, local villagers esti-
mate approximately 14 bantengs were killed by hunters
between 2003 and early 2018 (Sassoon & Phak, 2018).
Additionally, the banteng population in Prambei Mom
is now severely threatened by sudden and significant
increases in snaring which began in 2021.

The 16 community rangers at Prambei Mom protect
its banteng population from hunting parties and snares
set by poachers in the forest and adjacent plantations.
With support from the Forestry Administration (FA), the
rangers created the Prambei Mom Community Forest
(PMCEF) in 2003 to gain management rights over a patch
of forest used by the bantengs. An official agreement
was signed in March 2018 which designated 937 ha as
belonging to the PMCF and an additional 253 ha were
added in September 2018 (Fig. 1). Wildlife Alliance began
providing technical and financial support in early 2018
when the community requested help to capture an adult
bull banteng that had been injured by a snare and broken
free. In addition to poaching and snaring by locals, the
banteng herds in Prambei Mom were targetted by safari-
style hunting expeditions arranged by powerful outsiders
until professional rangers apprehended an individual in

© Centre for Biodiversity Conservation, Phnom Penh
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Fig. 1 Location of Prambei Mom Community Forest and nearby protected areas in southwest Cambodia.

2018 who eventually served jail-time for his crime. While
this case effectively ended large-scale shooting incidents
at the site, snares remain a grave threat.

The banteng population in Prambei Mom moves
between a patch of dry deciduous dipterocarp forest in
Thboung District and surrounding areas which have
been converted into sugarcane plantations. Initial esti-
mates based on interviews with community members
in 2019-2020 suggest the population numbers approxi-
mately 50 individuals across at least three herds, and
an ongoing camera trap survey is being conducted to
provide a robust estimate (Marx, 2021). Given the threat
posed by snares, WA support has focused on strength-
ening patrols by providing the rangers with professional
patrol equipment, introducing new patrol techniques
and strategies, and training them to systematically collect
data on their results following the Community Anti-
Poaching Unit (CAPU) approach developed by WA to
safeguard its release sites for rescued animals.

The PMCF is the only CAPU site supported by
WA that does not from part of a larger protected area
managed by the FA or Ministry of Environment (MoE)
and WA does not directly manage the site. The FA is the
governing authority responsible for protecting wild-
life within the PMCF and the surrounding sugarcane
plantations used by the bantengs. Most snares removed
by rangers are located in the latter area and increasing
numbers of snares were detected and removed in 2021

© Centre for Biodiversity Conservation, Phnom Penh

compared to 2020, suggesting that banteng populations
at the PMCF now face a greater risk of extirpation.

Few studies have been published on the impacts and
reach of snaring in Southeast Asia, despite the significant
threat this poses to the region’s biodiversity (Gray et al.,
2018). Bantengs are highly susceptible to snaring and
more research is needed on the species-specific impacts
of snaring (Groenenberg et al., 2020; Figel et al., 2021),
especially studies based on patrols and analyses that
account for imperfect detection rates, such as Linkie et
al. (2015) who assessed the impact of snare removal on a
population of tiger Panthera tigris in Sumatra. Although
the available patrol data for the PMCF does not include
variables that would allow us to control for snare detec-
tion rates or evaluate the effectiveness of patrols, our
work contributes to a growing body of research on the
impact of snaring on a specific large mammal species.

This study documents a rapid increase in snaring
in and around the PMCF and estimates its immediate
impacts on the local banteng population. To this end, we
compare monthly CAPU patrol data for February-July
2021 to data for the same period in 2020 to quantify the
changes in snaring that have occurred. These data are
supplemented by evidence from camera trap photos
taken between March 2020 and August 2021 to illustrate
the impact of increased snaring on banteng herds by
providing a rough estimate of the numbers of animals
with snare wounds, specifically individuals with wounds

Cambodian Journal of Natural History 2021 (1) 40-52



newly identified in March—August 2020 versus the same
period in 2021.

The surge in snaring described in this article coincides
with the COVID-19 pandemic, which originated from a
novel virus that emerged in late 2019 in Wuhan, China
and spread to 100 countries by early 2020 (Shereen et al.,
2020). While many countries experienced rapid increases
in cases and implemented severe domestic measures to
curb the spread of the virus in 2020, Cambodia opted to
essentially seal its borders by severely limiting interna-
tional arrivals and introducing strict quarantine proto-
cols for entrance. This devastated the international
tourism sector, but largely spared Cambodia from the
health crisis and measures designed to prevent the
spread of COVID-19 that disrupted life elsewhere in
2020. Following the first severe community outbreak
in February 2021 and rapid growth in COVID-19 cases
however, the government introduced lockdowns in the
capital and major cities, inter-provincial travel restric-
tions and widespread closures of local markets where
outbreaks were identified (Tatum, 2021). As the timing
of our work coincides with worsening socio-economic
impacts experienced in Cambodia due to the pandemic
in 2021, we discuss our findings in the context of the
COVID-19 pandemic, thus responding to the recent
call for “ground truthing efforts to assess whether the
reported impacts of COVID-19 have resulted in height-
ened poaching” (Waithaka, 2020).

Methods

Community anti-poaching unit patrols

Members of the CAPU at Prambei Mom are paid a small
monthly stipend to patrol each week and ensure the
bantengs are protected. The team patrols on foot and
on motorcycles to remove snares and prevent further
forest encroachment. They also ensure that natural
resource use within the PMCF accords with its manage-
ment plan (e.g., that people harvest NTFPs in the correct
season and respect permitted quantities, etc.). Patrol
data are collected in the field by CAPU members using
a basic worksheet in Khmer language and submitted
each month to a WA staff member who checks the data,
translates it into English and tabulates this in Excel. Vari-
ables recorded include: date, number of calendar days
patrolled, number of patroller-days (patrollers x calendar
days), start and end times, locations, number of snares
removed, length of snares (if applicable), and relevant
notes (e.g., if an animal was removed from a snare or time
was spent on other activities). The data are then reviewed
periodically by a different staff member, who checks for

Cambodian Journal of Natural History 2021 (1) 40-52

Snaring epidemic threatens banteng

errors, clarifies as needed, finalizes the data and analyses
results. The CAPU patrol reports include all time spent
on the project, including activities such as fighting wild-
fires, constructing pools to provide water for bantengs
and meetings with FA officials to resolve conflicts with
neighbouring sugarcane plantations. As these are essen-
tial to conserve the banteng herds but do not involve
patrolling the forest to detect and remove snares, all time
spent on such activities were excluded from our analysis.

The number of days and time spent patrolling on a
given day by the CAPU can vary greatly. For example,
the number of calendar days patrolled per month ranged
from 6-26 and the number of patroller-days per month
ranged from 61-244 in February-July 2020 and February-
July 2021. Numerous studies have pointed out the need
to control for variations in ranger patrol effort (RPE)
when assessing patrol results (Dong et al., 2021). Because
measures such as the number of days patrolled do not
account for the amount of time actually spent patrol-
ling each day (O’Kelly, 2013), we employed the number
of hours patrolled as a measure for RPE (Table 1). These
were calculated from the reported start and end times
of the patrols and the number of snares removed were
divided by the number of hours patrolled to generate the
rate of snare removal per month.

Known banteng fatalities and camera trap evidence

A number of fatalities due to snaring have been docu-
mented in the PMCF since March 2018 and evidence
from camera traps suggests that numbers of bantengs
with visible snare wounds (e.g., swollen and infected
hooves, missing feet, abrasions and scars around legs
from snares) or snares still attached to their legs have
increased. As sample sizes were insufficient for statis-
tical analysis however, we employed the number of
confirmed banteng deaths from March 2018 to August
2021 as a measure of the impact of increased snaring on
banteng herds at the site.

Table 1 Variables selected to quantify the rate of snare
removal at Prambei Mom Community Forest.

Variable Definition Calculation

End time - start time
= total hours

N/A (provided on
patrol sheets)

Number of hours
patrolled

Ranger
patrol effort

Total number of
snares removed

Snare
volume

Snare hours =
snares/patrol-hour

Number of snares
removed/patrol-hour

Rate of snare
removal
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Eight camera traps (Bushnell HD Model 119739, Illi-
nois, USA) were installed in the PMCF in March 2020
as part of a capture-mark-recapture study to estimate
the population size, herd demographics and health of
bantengs in the area. To maximise detection rates, the
cameras were placed at least 0.5 km apart in locations
that bantengs were known by the community rangers to
frequent, such as waterholes and trails with consistent
sightings of dung and footprints. To photograph a
greater proportion of the herd and defining features of
individual animals as they moved in front of cameras
(e.g., differences in horns, coat colour, rips in ears and
scars), each camera was set at least 1 m above ground
level and activated by heat and movement, triggering
bursts of three consecutive photographs at one second
intervals. Two cameras were stolen, one in July 2020
and a second in August 2020 which was later replaced
at a nearby location. A third camera was retrieved after
a section of forest was cleared to expand the bordering
sugarcane plantation and deployed in a different loca-
tion within the forest boundary in October 2020. Camera
trap effort (equalling the sum of cameras x operational
days) was partitioned between years and was calculated
from the date a camera was set in March 2020 until 31
December 2020 (or in the case of one camera, the last date
images were retrieved before it was stolen) and from 1
January 2021 to 31 August 2021. Periods that cameras
were not in operation due to malfunction, theft or inter-
ference were excluded from analysis.

Photographs taken between March 2020 and August
2021 were analysed, and distinct individuals with clearly
visible wounds from snares were counted the first time
they appeared in a photo. Wounds included in counts
were as follows: snares around legs, abrasions or scarsin a
single line around the leg indicating contact with a snare,
swollen and infected hoofs and missing feet. Animals
that could not be distinguished from a previously
recorded individual with a similar wound were omitted
to avoid double counts. Snare wounds were categorized
as either ‘old” or ‘new’. ‘New’” wounds were defined as
either the first photographs of an identifiable individual
seen in previous months without a wound or a wound
that had a newly visible clear cut or blood from a snare,
whereas ‘old” wounds were defined as distinct individ-
uals photographed for the first time with a swollen or
infected hoof, missing foot or scarring from a snare with
no blood present. Wounds were then classified as “active’
or ‘stable’ as of August 2021, based on progression of
the injury and the body condition of an individual over
the study period. ‘Active’ wounds were defined as infec-
tions that remained open, increased swelling, loss of
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hoof or limb, or where the banteng’s weight decreased
consistently and dramatically over the study period (as
opposed to minor seasonal fluctuations in body weight
seen in the population). ‘Stable” wounds were defined
as injuries that did not progress over the study period
or reduced in severity and where the individuals” body
condition appeared unaffected. Wounded bantengs only
photographed on a few occasions or with new wounds
in 2021 were classified as “unknown’ because progression
could not be determined. Numbers of old and new snare
wounds registered in each year were compared. Whereas
old wounds could have been inflicted by snares laid at
any time in the past, new wounds were assumed to be
due to snares laid more recently because the CAPU team
regularly patrols and removes any snares encountered.

Limitations

Dobson et al. (2019a) have pointed out the challenges
of determining to the extent to which patrolling deters
hunters from setting snares in the future. Measuring the
degree of deterrence is beyond the scope of our analysis.
However, the level of support for the CAPU team and
the patrolling methods adopted did not change substan-
tially during the study period and the same methods of
data collection and analysis were applied throughout
the study. As such, there is no reason to suspect signifi-
cant changes occurred in the degree of deterrence or
effectiveness of patrols in detecting snares. Similarly,
the legal penalties applied for setting snares did not
change during the study period. As such, we assumed
any increase in the number of snares removed in 2021
compared to 2020 was due to greater numbers of snares
being set, as opposed to improved snare detection rates
in patrols or any changes in their deterrence to poachers,
such as reduced penalties.

Our patrol data does not include any variables that
can be used to measure the quality of patrols, as opposed
to their quantity. However, while many patrol teams
comprise full-time professionals who are paid to do the
job and may be assigned to other areas by their employer
(e.g., a government agency or NGO), all patrols in the
PMCEF are undertaken by local volunteers, most of whom
have been continuously engaged at the site since 2003.
There is no reason to suspect declines in patrol quality
due to decreased motivation, although it may have
increased as a result of better equipment and support
since 2018 and the introduction of the CAPU approach
in early 2020. Nonetheless, since the patrol methods and
team composition did not change significantly during
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the study period, the influence of any changes in patrol
quality on our results is likely to be marginal.

Due to their movement and the limited time animals
spend in front of camera traps, there are limitations in
our ability to recognize and define wounds, as well as
distinguishing animals that have similar wounds and no
defining physical characteristics. This could potentially
have led to under-counting of snared individuals in our
analysis. Determining the progression of wounds from
camera trap data also makes it difficult to define when
animals have come into contact with snares. Catego-
rizing wounds as ‘active’ or ‘stable’ is limited to inter-
pretations of the progression of injuries in photographs
and confined to a short period. As infections progress,
more serious injuries have a higher detection likelihood,
so the early stages of infections when a snare has initially
broken off and constricted the end of a hoof could have
been overlooked in analysis. Continued monitoring of
the herd will provide a clearer understanding of indi-
vidual outcomes and impact of snares on the population.

Results

By all measures examined, the number of snares threat-
ening the PMCF banteng population was greater in
February-July 2021 than the same period in 2020. It is not
possible to compare numbers of snares removed from the
PMCF with the surrounding sugarcane plantations over
the entire study period because the CAPU team only
began to track snares removed from inside vs. outside

Snaring epidemic threatens banteng

the PMCEF in January 2021. However, based on the data
for 2021 and discussions with the rangers throughout
2020-2021, it is clear the majority of the snares were
removed from the surrounding plantations and not from
the PMCEF itself. For example, of the 448 snares removed
in February-July 2021, only 66 were removed from the
PMCF whereas 382 were removed from the sugarcane
plantations.

Community anti-poaching unit patrols

The total number of snares removed by the PMCF CAPU
in February-July 2021 was almost 200% higher than the
same period in 2020 (Table 2). Due to concerns in early
2021 about what appeared to be a significant increase
in snaring however, the rangers increased their RPE by
37% compared to 2020. Using the rate of snare removal
to control for the increased RPE, numbers of snares
removed per patrol hour in 2021 were 55% greater than
in 2020.

The time dedicated to patrols (and possibly also the
time poachers have to set snares) in Prambei Mom varies
seasonally more than at many other sites because the
PMCF CAPU team consists of local volunteers who are
subsistence farmers, whereas in other areas ranger teams
typically receive salaries comparable to full-time employ-
ment. For example, the patrol schedule for the PMCF is
affected by the rice sowing and harvesting seasons and
in February-March of 2020 and 2021, the CAPU team
conducted fewer patrols because more time was spent
fighting wildfires. Notwithstanding this, the number

Table 2 Ranger patrol effort (RPE), snare volume and rate of snare removal at Prambei Mom Community Forest in February—

July of 2020 and 2021.
2020 2021 % Change
RPE Snare Volume Rate RPE Snare Volume Rate Snare Volume Rate
Month "y, o Length Total Snares/ No.of Length Total  Snares/ Total Total  Snares/
Patrol of Snares Snares  Patrol- Patrol of Snares Snares Patrol- Snare Snares/ Patrol-
Hours (m) Removed Hour Hours (m) Removed Hour Length Month  Hour
Feb. 42.5 0 0 0 65.8 24.0 33 0.5 NA NA NA
Mar. 31.5 40.0 15 0.5 68.9 50.0 69 1.0 25.0 360.0 110.0
Apr. 34.7 75.0 48 1.4 57.9 220.0 100 1.7 193.3 108.3 24.8
May 18.0 0 0 0 56.4 52.0 25 0.4 NA NA NA
Jun. 88.5 0 0 0 74.9 90.0 85 1.1 NA NA NA
Jul. 68.6 220.0 87 1.3 65.9 238.0 136 2.1 8.2 56.3 62.7
Total  283.7 335.0 150 389.8 674.0 448 101.2 198.7
Mean 0.5 1.1 54.5
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of snares removed per patrol hour was higher in every
month in 2021 than 2020 (Fig. 2).

Known banteng fatalities and camera trap evidence

As of August 2021, at least five bantengs have been killed
in the PMCF by hunters and/or snares since early 2018
(Table 3). Following the arrest of a hunter who shot an
adult male banteng in March 2018, no further safari-style
shooting incidents have occurred at the site. However,
local hunters with rifles were recorded by camera traps
in May 2020, which resulted in their apprehension the
following month.

Over a total of 2,076 camera trap nights in 2020, six
distinct bantengs were photographed with wounds
between March and May, with only one newly inflicted
snare injury (Table 4). Of these six individuals, one has
likely died from the injuries (Table 3, No.5) and two
infections remained active on individuals as of August
2021. No wounds fully healed over the study period.
Seven new individuals were photographed with inju-
ries in April-August 2021, of which six appeared to be
new wounds or distinct bantengs not previously identi-
fied with any injury over 1,592 camera trap nights (Table
4). Figure 3 shows examples of different animals photo-
graphed during the study period with old or new snare
wounds. Four of the six individuals identified in 2020
were male, compared to two of the seven animals regis-
tered in 2021. Although calves and juveniles were photo-
graphed during the study period, including eight distinct
calves, none showed evidence of injuries due to snares.

2.2 4
2.0 4
1.8
1.6
1.4
1.2 4
1.0 4
0.8 1
0.6 1
0.4 4
0.2 1
0.0 -

2020 ——2021

Snares removed /patrol-hour

February March April May June July

Fig. 2 Variation in snare removal rates in Prambei Mom
Community Forest in February—July of 2020 and 2021.

Discussion

By every measure, threats posed by snares to the
banteng population in the PMCF escalated alarmingly
between February-July 2020 and the same period in
2021. The volume of snares detected within the PMCF
and surrounding sugarcane plantations increased almost
200% in 2021 and despite additional patrol efforts the
same year, the hourly rate at which snares were detected
and removed increased almost 55%. More bantengs
were also identified with snaring wounds or broken
snares on their legs from camera trap images in 2021,
despite greater sampling effort in 2020. In addition, two
were killed by snares in 2018-2019 and one was shot,
and two more have died since the CAPU approach was
introduced in 2020. Furthermore, because the banteng
population moves between the PMCF and surrounding

Table 3 Documented fatalities of adult bantengs in Prambei Mom Community Forest in 2018-2021.

Rangers called WA when they heard shots fired, and a law enforcement team

Banteng was snared but broke free and was wandering around injured. WA staff
and rangers ultimately captured and treated the animal, but it died under sedation.

Banteng was snared but broke free and was wandering around injured. WA staff
and rangers ultimately captured and treated the animal, but it died under sedation.

Found dead in a snare. Had also lost a leg due to a previous snare injury.

A male banteng frequently captured on three cameras with a swollen front right
hoof and missing front left foot was last photographed 5 July 2021. Rangers
discovered an old carcass near the pool where this male was last photographed

No. Year Month Sex Cause of Details
Death
I 2018 Mar Male Shot apprehended the hunter.
2 2018 Apr.  Male oM
injury
32019 Mar Female N
injury
4 2020 Feb. Male o0
injury
Snare
5 2021 Aug. Male ..
injury

on 13 August. This was too decomposed to determine if it was the same male
although this is highly likely.

© Centre for Biodiversity Conservation, Phnom Penh
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Table 4 Banteng with snare injuries detected by camera traps in Prambei Mom Community Forest in March 2020-August 2021.

First . Ageof Statusof Ageof Sex Distinguishing features of
No. Record Details of Wound Wound Injury® animal (M/F) animal (if present)
1 Mar*20 Swollen front left hoof, line of New Active Adult M Yellow coat, large slit in lower
blood from snare left ear
2 Mar’20 Swollen and ngsgted front left Old Active Adult M Dark brown, slit in upper left ear
. Death from
) Swollen front right hoof, .. . .
3 Apr.’20 missing front left foot Old injury Adult M Fig. 3, upper left image
suspected
4 May20 Swo!len front right hoof, scar old Stable Adult M l?ark brown, small tear on upper
line on leg from snare right ear
, Scar line on upper front right Long, curved horns, left horn
> May20 leg, swollen front left hoof Old Stable Adult F curved under right
6  May’20 Missing front left foot Old Unknown  Adult F Short upright horns, no curve
. Yellow coat, tear on upper and
7 Apr’21 Swollen and infected front left Old Active Adult M lower left ear (Fig. 3, upper right
hoof, open wound .
image
8  Apr.’21 Infected‘ 1O.Wer. front right leg, New Unknown  Adult F
raw skin in line from snare
9 Jun.21 Swollen front left hoof New Unknown  Adult F
Front right leg, open bleeding .
10 Jun.21 wound and visible snare still New Unknown  Adult F Broken left horn (Fig. 3, lower
left image)
attached to leg
11 Jun.21 Infected back right foot, open New Unknown  Adult F
wound
Straight line cut into right front Sub-
12 Jul’21  leg, snare possibly still attached =~ New Unknown M
S . adult
to leg, no visible infection
S Left back leg, line cut from . . .
13 Aug.’21 snare, blood visible New Unknown  Adult F Fig. 3, lower right image
! As of August 2021.

sugarcane plantations, it is also likely some deaths were
not discovered by patrols such that the true number of
fatalities is higher than presently documented.

Similar increases in the number of snares, hunting
camps and live animals discovered in snares have been
documented at other sites patrolled by CAPU’s and
professional ranger teams in Cambodia. For example,
the Chi Phat CAPU operates in southwest Cambodia,
patrolling forests that surround a wildlife release station
in Tatai Wildlife Sanctuary. In February-July 2021,
the rate of snare removal at Chi Phat increased >85%,
while the quantity of normal (non-civet) snares detected
increased almost 360% compared to the same period in
2020 (WA, unpublished data). In just 5-weeks in April-
May 2021, the Chi Phat CAPU discovered two hunting
camps with snare lines set nearby, evidence of hunting

Cambodian Journal of Natural History 2021 (1) 40-52

dogs, and separate bands of hunters with their dogs, a
rare occurrence in previous years. In addition, whereas
the CAPU team in the Phnom Tamao Protected Forest
did not find any live animals snared in February-July
2020, a live sambar Rusa unicolor stag was found snared
around the neck during the same period in 2021. Simi-
larly, professional ranger patrols undertaken by the
Cardamom Forest Protection Program removed greater
numbers of snares in February-July 2021 compared
with the same period in 2020. In this case, the volume
of snares removed increased 22% from 9,422 snares
in 2020 to 11,517 snares in 2021, whereas the length of
wildlife netting removed increased 55% (WA, unpub-
lished data). Taken together, these results indicate that
the number of snares set, detected and removed in sites
across Cambodia increased markedly in February-July
2021 compared with the same period in 2020.
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Fig. 3 Camera trap photos of wounded banteng detailed in Table 4: (upper left) No. 3, male with missing left front foot—old

wound, dead; (upper right) No. 7, male with swollen, infected left front foot—old wound, active; (lower left) No. 10, female

with bloody right front foot—new wound; (lower right) No. 13, female with bleeding wound on back left leg—new wound.

Studies around the world have found that measures
to contain the pandemic have resulted in devastating
socio-economic impacts (Park et al., 2020; Shrestha et
al., 2020; Usui et al., 2020). The timing of the surge in
snaring we document coincides with the period when
COVID-19 cases in Cambodia increased significantly
due to the country’s first major community outbreak and
as the socio-economic impacts of the pandemic wors-
ened. Largely spared from the effects of the pandemic in
2020 and austerity measures taken in other countries to
prevent its spread, Cambodia began to experience these
in early 2021 when case numbers suddenly rose from
fewer than 500 on 1 February to over 77,000 on 31 July
(Worldometer, 2021). The tourism, export manufacturing
and construction sectors that have been hit hardest
employ 40% of the workforce (Kuntear, 2021). Disag-
gregated data on socio-economic measures in Cambodia
is sparse, particularly for our study period. However,
findings from quarterly household surveys undertaken
by the World Bank since early 2020 indicate the socio-
economic impacts of COVID-19 were greater in 2021 than
2020. For example, almost half of respondents reported

© Centre for Biodiversity Conservation, Phnom Penh

their economic status was worse in March 2021 than the
previous year and “moderate-or-severe food insecurity”
increased from 34% in December 2020 to 55% among
poor households (Karamba et al., 2021).

Our study adds to a growing body of research exam-
ining the links between the socio-economic impacts of
the pandemic and increased exploitation of wildlife
and forests in Africa and Asia (Brancalion et al., 2020;
Waithaka, 2020; Koju et al., 2021). Several studies have
found that after lockdowns and travel restrictions were
introduced at specific sites, livelihoods were impacted
and illegal exploitation of nearby wildlife and forest
resources increased (Cherkaoui et al., 2020; Aditya et al.,
2021; Koju et al., 2021; Rahman et al., 2021). We posit that
the same has occurred in the PMCF after strict preven-
tion measures were introduced in Cambodia in 2021.

Given the large numbers of Khmer who migrate
domestically or internationally for jobs in sectors that
have been heavily impacted by COVID-19 containment
measures (e.g., hospitality, construction and manufac-
turing), pressure on natural resources has likely increased
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at sites across Cambodia as unemployed workers return
to rural communities. Approximately 200,000 migrant
workers have returned to Cambodia since the pandemic
began and a recent United Nations survey found over
50% are indebted and nearly 30% have no household
income (Anon, 2021). Remittances from people who
migrate to urban centres or abroad for work are essen-
tial to the Cambodian rural economy (Hutt, 2021) and in
disrupting work migrations, COVID-19 created a surplus
of domestic labour as people returned from abroad,
making it more difficult for families to service household
debts (Res, 2021). In this context, decreasing household
income may be a driver for increased wildlife snaring
as rural people return to natural resource exploitation
to make ends meet. In the face of this growing pressure,
more must be done to safeguard Cambodia’s remaining
wildlife, especially important populations such as
the bantengs at the PMCF, both within and outside of
protected areas.

The banteng population at the PMCF is currently
the only known population of the species remaining in
the entire Cardamom Mountains rainforest eco-region.
The ongoing camera trap survey at the PMCF may show
this population exceeds 50 individuals, which would
make it one of 6-8 remaining subpopulations of this size
outside of northeastern Cambodia (Gardener et al., 2016).
Although deaths of adult bantengs have been recorded
at the PMCF, one hopeful sign is that newborns continue
to be identified, none of which show evidence of snaring
injuries. Given the location of the PMCF, hundreds of
kilometres from the banteng stronghold in northeast
Cambodia and its isolation from other subpopulations,
its banteng population may be genetically distinct as
well. Bottlenecking effects have been found in popula-
tions of non-native bantengs and it has been suggested
that this may occur in isolated wild populations (Brad-
shaw et al., 2007). Eld’s deer Cervus eldi represents another
Endangered species at risk of inbreeding due to isolation,
and geneticists have recommended transferring individ-
uals between populations where possible to reduce the
degree of inbreeding (Balakrishnan et al., 2003). Should
bantengs need to be translocated in the future for such
purposes, the population at the PMCF could represent
an important reservoir of genetic diversity for species
conservation efforts.

Bantengs belong to the class of Southeast Asian mega-
fauna described by Figel et al. (2021) for which hunting
has surpassed habitat loss as the primary driver of species
decline. With over 100,000 snares removed from the
Southern Cardamom National Park alone in 2010-2015
(Gray et al., 2018) and no records of bantengs generated
by a multi-year survey of ground-dwelling mammals
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in seven protected areas in southwest Cambodia (Gray
et al., 2017), it had been assumed these were extirpated
in the region until the community rangers at the PMCF
requested outside help. Our analysis of camera trap data
from the PMCF to date suggests increasing numbers of
bantengs are wounded by snares, with a larger number
of injured animals declining in condition over time.
Combined with at least four snare-related deaths since
2018, this suggests a large portion of snared bantengs ulti-
mately die from their injuries. In such a relatively small
and isolated subpopulation, even a small number of
deaths each year could devastate the herds within a few
generations. Indeed, studies have shown that mortali-
ties from snaring have significantly affected lion Panthera
leo and spotted hyena Crocuta crocuta populations in
southern Africa, with “evidence for population declines
and extirpation of large carnivores in the most heavily
affected areas” (Loveridge et al., 2020). Where industrial-
scale snaring has occurred in Laos and Vietnam, species
once reasonably common have become barely detectable
by camera traps within just a few years (W. Duckworth,
pers. comm..).

It is not a stretch to conclude that unless further
action is taken immediately to address the problem,
snaring could extirpate the banteng subpopulation in the
PMCEF. Between 2010 and 2020, populations of bantengs
declined by 81% and 60% in the Srepok and Phnom Prich
Wildlife Sanctuaries respectively in eastern Cambodia,
whereas the rate patrols encountered and removed
snares increased more than a hundredfold from 0.04 to
6.46 per 100 km (Groenenberg et al., 2020). This massive
increase in snaring is believed to be a significant driver in
the rapid decline of this population (Gray et al., 2021). If
the world’s largest population can be so reduced across
several massive protected areas patrolled by professional
rangers within a decade, the impact of a >50% increase in
snaring on the small and highly vulnerable subpopula-
tion in the PMCEF is likely to be catastrophic.

Loss of bantengs from the PMCF would be extremely
painful for the local rangers who have worked for
almost two decades to ensure the survival of this socially
and culturally unique subpopulation. Though the
rangers continue to do everything they can to protect
the remaining animals, increased patrol efforts do not
necessarily result in higher detection of snares (Ibbett
et al., 2020). With additional pressures generated by
the pandemic and related measures to limit the spread
of the virus, the community rangers cannot compete
with the increasing volumes of snares set in the forest
and surrounding area without further support. As
concluded by Brunner et al. (1999): “Communities are
best at preventing and detecting forest crimes, but once
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detected, it is the responsibility of the state’s law enforce-
ment agencies to suppress them.”.

Cambodia has two main laws which govern the
use of snares. These are the 2002 Forestry Law which
is applied by the FA in community forests such as the
PMCF and unprotected state forests (FA, 2003), and the
2008 Protected Areas Law which is applied by the MoE on
state-protected lands (MoE, 2008). Article 49 of the former
law strictly prohibits hunting, harming or harassing
wildlife, with particular mention that it is prohibited to
“hunt, net, trap or poison” rare and Endangered species
such as bantengs. Article 97 of the same law states that
the penalty for Class I offences (which include hunting,
killing, trading or exporting Endangered species) is 5-10
years in prison and confiscation of all evidence. Article 98
states penalties for Class II offences against wildlife (such
as hunting in protected zones, hunting rare species and
hunting wildlife by dangerous means) include a prison
term of 1-5 years and a fine of 10,000,000-100,000,000
riel (FA, 2003) (equivalent to $2,500-25,000 USD). The
Protected Areas Law similarly prohibits wildlife hunting.
For instance, article 61 of the law stipulates that it is an
offence to “Catch, trap, hunt, cause injury, poison, kill,
take out, collect eggs and offsprings from their original
habitats of any Vulnerable, rare, or Critically Endangered
wildlife species” and article 58 sets a penalty of 100,000
to 1,000,000 for these acts (MoE, 2008). These provisions
should be sufficient to guard against snares in theory.

Yet despite this legal framework, Cambodian laws,
like those in neighbouring countries, do not “include
provisions that clearly prohibit the possession of mate-
rials (like metal wires or nylon ropes) that can be quickly
fashioned into snares” (Gray ef al., 2021). Snares are made
from commonplace materials such as nylon, wire or cord
and are usually attached to natural anchors in the forest
or countryside, such as small trees. Patrol teams seldom
meet hunters while they are setting the snares and unless
they possess wildlife at the time of apprehension, prose-
cutions and penalties are generally not applied (N. Marx,
pers. obs.). This makes it difficult even for professional
ranger teams to punish hunters effectively unless they
are caught in the act of snare setting or holding wild-
life. Fines for hunters apprehended while setting snares
also do not appear to be an effective deterrent, although
prison sentences are (B. Davis, pers. comm.). Unfortu-
nately, these options are not available to the PMCF CAPU
team however, since this comprises a group of commu-
nity volunteers without law enforcement authority. Only
with greater government support can the likelihood of
apprehending offenders be increased, existing laws be
more strictly applied, and courts encouraged to pros-
ecute offenders and apply maximum penalties.

© Centre for Biodiversity Conservation, Phnom Penh

In the longer term, policy and legislative reforms that
increase legal penalties and prohibitions on snaring and
improve enforcement of existing laws are key to solving
the snaring epidemic in Southeast Asia (Gray et al., 2018,
2021; Figel et al., 2021). The kouprey Bos sauveli, a species
closely related to bantengs, is likely extinct (Hassanin
& Ropiquet, 2007), whereas tigers have now been extir-
pated from the country and snaring has proven to be a
major cause of declines of such megafauna species (Figel
et al., 2021). If authorities do not act swiftly to counter
the current increase in snaring, banteng populations in
the PMCF and northeast Cambodia may follow the same
path. If the banteng population in the PMCF is to survive,
the rangers need greater government support, increased
law enforcement presence and stronger penalties for
offenders who set snares in the PMCF and neighbouring
plantations.
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Abstract

Cambodia has experienced political and economic changes in recent decades and the same is true of agricultural land
use in the country. We assessed past (1980-1989), present (2010-2019) and potential future trends in agricultural land-
use, economic efficiency and management practices around the Tonle Sap Lake (TSL) and upper and lower sections of
the Cambodian Mekong river basin. Interviews were undertaken to this end with 76 households in 2019. Our results

CITATION: Seth K., Touch V. & Sor R. (2021) Agricultural land use and economic efficiency around the Tonle Sap Lake and Cambo-
dian Mekong River. Cambodian Journal of Natural History, 2021, 53—60.

Cambodian Journal of Natural History 2021 (1) 53-60 © Centre for Biodiversity Conservation, Phnom Penh

53



54

Seth K. et al.

indicate that two broad categories of agriculture are practiced, rice-farming (71% of respondents) and non-rice farming
(29%), with the latter mainly comprising rubber plantations (11%) and vegetable cropping (9%). The average size of
farms differed between study areas, with larger areas devoted to rice-farming around the TSL. On average, households
used 1.9 ha for rice-farming and 1.4 ha for non-rice farming, which provided mean annual incomes of US$ 923 (486
USD/ha) and US$ 902 (644 USD/ha), respectively. Farm size was positively associated with income. Drought and pests
were reported as the greatest farming challenges. Farm areas increased from 28% in the 1980s to 31% in the 2010s,
whereas family-scale farming practices increased from 72% to 86%. The latter were projected to decrease to 42% in the
future, whereas medium-scale practices (use of hired labour and agricultural machinery) were projected to increase
to 32%. Our study indicates that only 20% of respondents have incomes greater than the country’s current per capita
GDP, suggesting greater economic efficiency in these cases. However, the present and potential future incomes of the
remainder were lower than this. Our results suggest that development of irrigation systems and cropping techniques

and diversification of markets are required to improve the agricultural sector in Cambodia.

Keywords Agricultural economics, cropping techniques, farming business, productivity and management.

Introduction

Agriculture is one of the most important economic
sectors in the Lower Mekong Basin and Cambodia (MRC,
2016). During the 1990s, 2000s and 2010s, the average
proportion of Cambodia occupied by agricultural land
was approximately 25.8%, 29.3% and 30.9%, respectively
(World Bank, 2021). This is cultivated for various crops,
with some areas under temporary rice cultivation and
other areas cropped for coffee, rubber and fruit trees
(ADB, 2021).

Agricultural land use in Cambodia mainly comprises
irrigated rice, rubber plantations and corn and cassava
cultivation (Lonn et al., 2016) and the nature of owner-
ship varies between different types of farms. For
example, most irrigated rice farms are managed by local
households, whereas rubber plantations, which typically
occupy larger areas, are mostly managed by agri-busi-
nesses. This results in different yields and thus different
contributions to the national economy.

The overall contribution of agricultural sector to the
Cambodian economy has gradually decreased in recent
years (NIS, 2015). Notwithstanding this, the annual
value of the sector grew from an average of 2.1 billion
USD in the 2000s to 4.8 billion USD in the 2010s (World
Bank, 2020a). Most rice production is undertaken by
households surrounding the Tonle Sap River and lower
sections of the Mekong basin (NIS, 2013; MAFF, 2016),
whereas rubber plantations are prevalent in the country’s
northeast, in the upper section of the Mekong basin (NIS,
2013). As a consequence, the relative contribution of
each crop type to the agricultural sector varies between
regions.

This study assesses past (1980-1989), present (2010-
2019) and potential future trends in agricultural land-

© Centre for Biodiversity Conservation, Phnom Penh

use, economic efficiency and management practices
in three regions of Cambodia: the Tonle Sap Lake and
river system, and the lower and upper sections of the
Cambodian Mekong river basin. Our specific aims were
to 1) investigate the status of agricultural land use and
evaluate the influence of farm size on economic output,
2) determine the extent to which agricultural land use
practices contribute to improving farmer livelihoods, 3)
identify major challenges for agriculture, and 4) evaluate
land use practices to identify opportunities to improve
their effectiveness and economic value to local farmers.

Methods

Study areas

Our study included parts of 13 provinces located around
the Tonle Sap Lake (TSL) and its river systems (Kampong
Chhnang, Pursat, Battambang, Banteay Meanchey,
Siem Reap and Kampong Thom), the upper section of
the Cambodian Mekong river basin (CUM) (Kampong
Cham, Tbong Khmum, Kratie and Stung Treng) and
the lower section of the Cambodian Mekong river basin
(CLM) (Prey Veng, Kandal and Takeo) (Fig. 1, Table 1).

Data collection

We developed a semi-structured questionnaire which
was tested and revised prior to the study. Data collec-
tion was undertaken from 23 August to 10 September
2019. The number of households targeted in each study
region varied according to the size of the region, with
a sampling target of 30-40 households adopted for the
TSL region and 20-30 households apiece in the CLM and
the CUM regions. In each region, individual households
were selected for interviews using a combination of

Cambodian Journal of Natural History 2021 (1) 53-60
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Fig. 1 Study sites in the upper and lower sections of the
Mekong basin and around the Tonle Sap Lake, Cambodia.

stratified (by distance) and random sampling to ensure
diverse representation. All households interviewed were
selected based on their active involvement in agricultural
activities, irrespective of their gender.

Four major categories of agricultural activities were
recognised during data collection: 1) rice-farming, 2) non-
rice farming, 3) rice-farming and non-rice crop types, and
4) other —no species response. Interview data were also
arranged in three subsections: 1) agricultural land use
and economic values, 2) agricultural challenges, and 3)
past, present, and future management practices. Farmer
responses regarding the contribution of agriculture to
their incomes were categorized as low, medium or high
and were solely based on their reported perceptions (as
opposed to adopting pre-defined ranges of income for
each category). Responses regarding the scale of farming
practices were arranged in three categories: 1) family-
scale—comprising farms that solely employ the labour
of family members who consume most of the produce,
2) medium-scale—farms that employ hired labourers
and agricultural machinery and whose yield is mostly
for sale, and 3) Other—holdings whose farmers did not
directly own the land.

Data analysis

Descriptive statistics were used to quantify the relative
proportions of individual agricultural land uses in the
three regions and overall incomes generated by respond-
ents for each land use. One-way ANOVA or Kruskal-
Wallis tests were employed as appropriate to the data to
compare these between regions. Linear regression was
used to assess the influence of farm size on incomes. All

Cambodian Journal of Natural History 2021 (1) 53-60
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Table 1 Number of respondents in each study region. TSL:
Tonle Sap Lake, CLM: lower Cambodian Mekong river
basin, CUM: upper Cambodian Mekong river basin.

Region No. Sites Male Female Ages
TSL 32 (42%) 13 19 22-53
CLM 18 (24%) 7 11 24-56
CUM 26 (34%) 7 19 24-53
Total 76 27 (36%) 49 (64%)  22-56

analysis was performed in R (R Core Team, 2019) and
employed a p value of <0.05 as the theshold for signifi-
cance.

Results

Agricultural land uses and incomes

The majority of respondents (71.1%) surveyed across
the three study regions practiced rice farming (Table 2),
although the relative proportion varied between regions,
ranging from 54% in CUM to 72% in CLM and 85% in
TSL region. The proportion of respondents engaged in
non-rice farming in each region was correspondingly
low, although 31% farmed rubber plantations in the
CUM region and 28% cropped vegetables in the CLM
region (Table 2).

On average, each rice farmer cultivated 1.9 + 1.4 ha
and earned 486 + 248 USD/ha and 923 + 811 USD/year.
Average incomes from rice farming did not differ signifi-
cantly between regions (p=0.43, Fig. 2). The equivalent
figures for non-rice farmers were 1.4 + 2.2 ha, 644 + 350
USD/ha and 902 + 1,414 USD/year (Table 3) and average
incomes for these differed significantly between regions
(p=0.002, Table 3, Fig. 2). In both cases, farm size was
positively associated with income (Fig. 3).

Contribution of agriculture to livelihoods and major
challenges

Most rice farmers and non-rice farmers ranked the contri-
bution of agriculture to their incomes as low or medium;
only five rice farmers regarded this as high, whereas
no non-rice farmers ranked it as such (Table 4). Within
these categories, the average income for rice-farmers
was 543 USD/year (low), 1,313 USD/year (medium) and
3,098 USD/year (high) respectively, whereas for non-rice
farmers it was 1,408 USD/year (low) and 2,810 USD/year
(medium). Across all study regions and farm types, the
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Table 2 Relative proportions of respondents cultivating rice and non-rice crops in each study region. TSL: Tonle Sap Lake,
CLM: lower Cambodian Mekong river basin, CUM: upper Cambodian Mekong river basin.

Non-Rice Farming

Rice Farming

Region Rice Farming Other
Rubber Vegetables & Rubber
TSL 85% (27) - 6% (2) - 9% (3)
CLM 72% (13) - 28% (5) - -
CUM 54% (14) 31% (8) - 11% (3) 4% (1)
All 71.1% (54) 10.5% (8) 9.2% (7) 3.9% (3) 5.3% (4)

Table 3 Median, mean and standard deviation for farm sizes (ha) and annual incomes (USD) of respondents in each study

region. TSL: Tonle Sap Lake, CLM: lower Cambodian Mekong river basin, CUM: upper Cambodian Mekong river basin.

Strategy Metric TSL CLM CUM Overall
. Land area 1.5/22/1.8 1.0/1.5/0.8 20/19/0.9 1.8/19/1.4
Rice farms .
Annual income 625/960 /818 700/727/513 500/ 1,012 /947 663/923 /811
Land area** 0.0/09/2.3 1.0/14/1.0 0.5/19/2.4 00/14/22

Non-rice farms

Annual income** 0/467/1,128

1,200/ 1,430/1,366 250/1,162 /1,602 0/902/1,414

** indicates a significant difference (p<0.01) between regions.
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Fig. 2 Variation in farm size and annual incomes in each region for A) rice farmers and B) non-rice farmers. TSL: Tonle Sap

Lake, CLM: lower Cambodian Mekong river basin, CUM: upper Cambodian Mekong river basin. ** indicates a significant

difference (p<0.01) between regions.

study respondents earned 549 USD/year with 2.5 ha of
land on average.

Drought was reported as the greatest challenge
affecting rice farming in the study areas and particularly
in the TSL region (Fig. 4). Pest damage was reported by
non-rice farmers as the most challenging factor, particu-
larly in the CUM region, followed by drought and pest
damage combined.

© Centre for Biodiversity Conservation, Phnom Penh

Past, present and future agricultural practices

Farming areas increased from 28% in the 1980s to 31%
in the 2010s. Across all respondents, 72% reported
growing rice and other crops in the 1980s, whereas 86%
reported the same in the 2010s. During the latter period,
the remaining 14% reported practicing medium-scale
farming involving the use of hired labour and agricul-
tural machinery (Fig. 5). When asked about their future

Cambodian Journal of Natural History 2021 (1) 53-60
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Fig. 3 Relationship between farm size and annual income for A) rice farmer and B) non-rice farmers.

Table 4 Respondent perceptions on the contribution of agriculture to their livelihoods. Figures for farm size and annual

income represent mean # standard deviation values. Data presented excludes respondents who reported ‘no contribution’.

Rice Farmers

Non-Rice Farmers

Rank n Farm Size (ha) Income (USD) n Farm Size (ha) Income (USD)

High 5 53+13 3,098 + 572 - - -
Medium 16 23+1.2 1,313 £ 641 10 47+1.9 2,810+ 1,350

Low 27 1.5+0.6 543 + 348 8 2.1+1.6 1,408 = 1,311

plans, 42% of respondents expected to continue farming
at a family-scale, whereas 32% expected to farm at a
medium-scale and the remainder were uncertain (Fig. 5).

When asked how the agricultural sector might be
improved in future, 28% of rice farmers suggested this
would require better irrigation systems, 15% suggested
better market conditions were needed and 57% suggested
both. When asked the same question, 82% and 18% of
non-rice farmers suggested better market conditions and
improved farming techniques were required, respec-
tively.

Discussion

Agricultural land uses and incomes

The majority of respondents in our study were rice
farmers, followed by rubber farmers and vegetable
farmers. This is unsurprising given these crops are
effectively traditional, having been cultivated since the
French colonial era (Lonn et al., 2016). It also reflects the
specific suitability of areas for different crop species. For
instance, because the TSL and CLM regions receive large

Cambodian Journal of Natural History 2021 (1) 53-60

volumes of sediment from the Mekong River each year,
these are well known for their high fertility and produc-
tivity for rice (Kummu et al., 2005). Similar to Goletti &
Sin (2016), we also encountered study respondents in the
CLM that cultivate vegetables for supply to Phnom Penh.
Additionally, because the CUM region is characterised
by highlands and mountainous areas which are suitable
for rubber cultivation (MAFF, 2016; Mak, 2017), 31% of
respondents in this region dedicated their efforts to this

crop type.

The land holdings and incomes possessed by rice
farmers varied between regions although these differ-
ences were not significant. On average, households
around the TSL region had more land but lower incomes
(ca. 436 USD/ha), whereas those in the CUM region had
less land but greater incomes (ca. 533 USD/ha; Table 3).
Previous studies have documented higher incomes from
rice farming in the northwest area of the TSL region (ca.
513 USD/ha) (Srean et al., 2018). Our results are consistent
with previous studies which indicate that the TSL region
is highly productive and represents a sizeable portion
of the contribution made by the agriculture sector to the
national economy (Lonn et al., 2016; MAFF, 2016; MRC,
2016; World Bank, 2020). It is also highly favourable in
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Fig. 4 Relative proportions of respondents who indicated different challenges for A) rice farming and B) non-rice farming in
the three study regions (TSL: Tonle Sap Lake, CLM: lower Cambodian Mekong river basin, CUM: upper Cambodian Mekong
river basin). Key: C=High costs, D=Drought, G=Weed problems, M=Lack of markets, P=Pest damage.
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Fig. 5 Status of land ownership and farm management among study respondents in the A) past (1980-1989), B) present
(2010-2019) and C) future.

terms of its fisheries (Sor et al., 2017; Ngor et al., 2018a,
2018b). Unlike rice farmers however, the land holdings
and incomes possessed by non-rice farmers differed
significantly between regions. On average, households
in the TSL region had smaller land holdings and lower
incomes compared to those in the CLM and CUM
regions. This is most likely due to the differing suitability
of regions for specific crops, the TSL region being less
suited to crops such as rubber or cassava compared to the
CUM region (Kummu et al., 2005; Mak, 2017).

As expected, farm size was positively associated with
annual income for both rice and non-rice farmers. Partly
as a result, households with small holdings coupled with
a lack of labour often rent their lands to neighbours who

© Centre for Biodiversity Conservation, Phnom Penh

are better equipped to cultivate these due to their access
to hired labour and agricultural machinery. Consistent
with this, a gradually increasing trend in small scale rice-
farming businesses was observed across the three study
regions and particularly the TSL region.

Contribution of agriculture to livelihoods and major
challenges

We found that rice farming provides lower incomes (486
USD/ha) compared to non-rice farming practices (644
USD/ha). Crops cultivated in the latter category include
rubber, cassava, corn, fruit trees and vegetables (Lonn et
al., 2016). Our data suggests that incomes generated from

Cambodian Journal of Natural History 2021 (1) 53-60



rice farming are low and thus insufficient for over half
of the households we interviewed, whereas relatively
small proportions rated their incomes as medium or high
(Table 4). Within the non-rice farming category, none of
the study respondents rated their agricultural incomes
as high, whereas slightly more than half rated these as
medium and slightly less than half rated them as low.
This is reflected in our finding that on the whole, the
study respondents earned 549 USD/year with 2.5 ha of
land on average, which is far below the per capita GDP
for Cambodia in 2019 (1,643 USD/year) (World Bank,
2020b).

Farmer responses regarding the contribution of
agriculture to their incomes (and thus their economic
efficiency) were highly variable and entirely dependent
personal perceptions which differed between rice and
non-rice farmers. For example, an average income of 543
USD/year was considered low by rice farmers, whereas
an average income of 1,408 USD/year was rated as low
by non-rice farmers and these groups respectively rated
average incomes of 1,313 USD/year and 2,810 USD/year
as medium. This suggests that expectations or standards
of income among rice farmers are somewhat lower than
the non-rice farmers. Nonetheless, our data suggest that
only 20% of study respondents (five rice farmers and
ten non-rice farmers: Table 4) had incomes greater than
the per capita GDP of Cambodia in 2019. At a national
level, the contribution of agriculture to economic growth
decreased from 30% in the 2000s to 21% in 2018 (NIS,
2015). While this could be partly due to labour shifting
from family-scale farming to the garment or other sectors,
incomes generated from rice and non-rice farming largely
remain below the per capita GDP in Cambodia. Regard-
less, given the continuing importance of agriculture to
the country’s economy, development of the sector must
be considered an urgent necessity (Lonn et al., 2016).

Drought was the most challenging factor affecting rice
production in the three study regions. The TSL region was
the most affected area with 28% of respondents identi-
fying this as a major issue, whereas approximately 10% of
respondents in both the CUM and CLM regions similarly
regarded it as a major issue. This suggests that irrigation
systems within these regions and the TSL particularly
still need improvement and risk management practices
would be beneficial in building community resilience
(Lonn et al., 2016), not least because drought events are
increasing in the lower Mekong basin (Thilakarathne &
Sridhar, 2017; Null ef al., 2021). For non-rice farmers, a
combination of pest damage and drought were regarded
as the greatest challenges. These findings are consistent
with previous studies (e.g., United Nations, 2011; Lonn
et al., 2016) and actions addressing these issues should
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be accorded high priority in future efforts to develop the
agriculture sector in Cambodia.

Past, present and future agricultural practices

Our results indicate that agricultural practices have
changed over time in the study regions. During the
1980s, 11.8% of respondents had no land for agricul-
ture, whereas 10.5% hired land from others for farming
purposes. This is no longer the case, as all respondents
owned land and 14.5% have upgraded their farming
practices by employing hired labour and agricultural
machinery. Additionally, when questioned on their
likely farming practices in future, 42% responded they
would continue farming at a family scale, whereas 32%
reported they would upgrade their practices to include
hired labour and agricultural machinery. However, 26%
of respondents were not sure what they would do in
future, suggesting that these could potentially benefit
from further training and other support from the govern-
ment and agricultural agencies.

Overall, better irrigation and markets for agricultural
products were identified by most study respondents
as being required to improve livelihoods of rice- and
non-rice farmers. Reform of the agricultural sector in
Cambodia would seem inevitable and land use plan-
ning is recognised as key to sustainable agriculture (De
Wrachien, 2001). In addition to improved irrigation
systems and markets, development of appropriate crop-
ping techniques is required to adapt to ongoing climate
change, as is the adoption of crop species best suited to
specific environmental circumstances of different areas
(Ironside, 2010; Lonn et al., 2016).

In conclusion, our study indicates that most farmers
currently earn less than the per capita GDP for Cambodia
and will likely continue to depend on agriculture for their
livelihoods. This suggests that a large of portion agricul-
tural activities are economically inefficient at present
and that policy reforms and investments to improve
irrigation systems and cropping techniques and diver-
sify markets are required to develop the livelihoods of
farmers residing around the Tonle Sap Lake and Cambo-
dian Mekong River.
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This section presents the abstracts of research theses produced by Royal University of Phnom Penh graduates recently awarded the
degree of Masters of Science in Biodiversity Conservation. The abstracts have been edited for English and brevity.

Assessing habitat connectivity to prioritize sites for protection of
wild bear populations in Cambodia
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Abstract

Cambodia is rich in natural resources including forests and wildlife. There are many species of wildlife in Cambodia,
including two species of bear: the sun bear Helarctos malayanus and the Asiatic black bear Ursus thibetanus. As these and
many other species suffer from ongoing loss and disturbance of their natural habitats, continued research efforts are
needed to strengthen protection and sustainable use of natural resources in the country. The purpose of my study was
to identify priority core areas and potential habitat corridors for bear conservation in Cambodia and predict how these
might alter in future due to climatic factors. To achieve this, I employed GIS and maximum entropy models (MaxEnt)
which included geographical and climatic variables and the locations of confirmed records of bears which were based
on camera trapping efforts undertaken by several conservation organisations. In identifying the most appropriate areas
and habitats for protection, the results of this research can be used to inform future conservation efforts for wild bears
in Cambodia.
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Factors influencing the spatial distributions and temporal
dynamics of mosquito species in Phnom Penh, Cambodia
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Abstract

Vector-borne diseases account for more than 17% of all infectious diseases and cause over one million deaths annually.
Among diseases transmitted by arthropods, diseases transmitted by mosquitoes represent some of the most impor-
tant and include dengue, chikungunya, zika, yellow fever, Japanese encephalitis, west Nile fever, and other diseases.
Dengue is an endemic disease in Cambodia and in 2018, 9,445 cases including six deaths occurred in Phnom Penh alone.
Studies on vectors of dengue are still limited in Cambodia, although several studies have been done on Aedes aegypti.
This study aimed to understand the influence of environmental factors on the presence of dengue vectors such as A.
aegypti, A. albopictus and other possible mosquito vectors in Phnom Penh. We randomly selected 40 pagodas and used
ovitraps to collect mosquito larvae at these for 48 consecutive weeks in 2019 and 2020. Ten mosquito species were identi-
fied in our samples and 87% of all adult mosquitoes belonged to the Aedes genus. Aedes aegypti mosquitoes were mostly
collected during the late dry season (March-May), whereas A. albopictus mosquitoes were mostly collected during the
late rainy season (September—October). The former mostly occurred in pagodas in the central area of the city, whereas
the latter mostly occurred in peripheral areas of the city. The results of the study indicate that risks of dengue fever tend
to emerge in different seasons and parts of the city as a result of differences in species” occurrence, urban landscapes
and climatic factors.
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Roost site preferences and roosting ecology of white-shouldered
ibis (Pseudibis davisoni) in Cambodia
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Abstract

The white-shouldered ibis Pseudibis davisoni is listed as Critically Endangered and is extant in Cambodia and Indonesia,
extinctin Thailand and Viet Nam and possibly extinctin China, Malaysia and Myanmar. Ninety-five percent of the global
population is thought to occur in northern and eastern Cambodia and threats to the species include forest loss (particu-
larly the loss of large nesting trees), hunting, egg and chick collection and incidental poisoning. This study employed
census data to assess the status of white-shouldered ibises and evaluate their roost site preferences and roosting ecology
in Cambodia. These data indicate that numbers of individuals have declined in the country in recent years and suggest
690 individuals remained in September 2020. They also indicate that only 52% of known roosts are located inside
nationally protected areas. Most records of the species stem from Stung Treng Province and along the Mekong flooded
forests from Kratie Province to Stung Treng Province. For roosting purposes, white-shouldered ibises appear to favour
live but usually unhealthy trees (33.9% of all roosts), dead trees with branches and lost bark (21.0%), dead trees with no
branches or bark (12.9%) and completely dead trees (9.7%). Favoured tree species include Dipterocarpus intricatus (40.3%
of all roosts), Shorea obtusa (19.4%) and Acacia caesia (8.1%), alongside D. obtusifolius, D. tuberculatus, Irvingia malayana,
Niebuhria mucronata and Xylia dolabriformis. Most roosts are threatened by a variety of factors including human distur-
bance (35.9%), forest fires (26.3%), hunting (17.3%), illegal logging (14.7%) and land encroachment (5.8%). The survival
of white-shouldered ibises is strongly challenged by human activities and a variety of sustained conservation efforts
including public education campaigns and ecotourism projects are essential for recovery of the species.
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Diversity, community structure and distribution of small mammals
in Cambodia
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Abstract

The biological and ecological importance of small mammals is widely accepted, although little is known about their
diversity and distributions in Cambodia. Based on a nationwide field survey undertaken over 182 sampling days in
2017-2019, this study investigated the diversity, assemblage structure and distributions of small mammals, compared
these between habitats and assessed which species are indicative of specific habitat types. Twenty species belonging to
13 genera, four families and three orders were recorded. Species belonging to the Muridae were dominant, followed by
members of the Sciuridae, Soricidae and Tupaiidae. Raftus tanezumi was the most abundant species, followed by Mus
caroli, M. cervicolor, Maxomys surifer and Bandicota indica, whereas Suncus murinus was the least abundant. The distribu-
tion of species richness, abundance and diversity was not homogeneous. Species richness was highest in dipterocarp
forests, followed by evergreen forests, and lowest in shrublands, whereas species abundance was highest in rice fields,
followed by evergreen forests, and lowest in dipterocarp forests and shrublands. Species diversity did not differ signifi-
cantly between habitats, although slight differences were observed in assemblage composition. Tupaia belangeri was
more abundant in deciduous forests, whereas Niviventer cremoriventer was more abundant in evergreen forests and B.
indica was most abundant in rice fields. Additionally, M. surifer was common in rice fields and shrublands, whereas M.
cervicolor and M. caroli were abundant in several habitats including (non-rice) agriculture, rice fields and shrublands
and M. shortridgei was frequently found in deciduous forests, evergreen forests and shrublands. These results suggest
that habitat type plays a crucial role in shaping the species richness, abundance and composition of small mammal
assemblages in Cambodia. This information is of paramount importance for monitoring species and informing future
management decisions and conservation actions.
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The effect of incubation temperature on sex determination and
hatching success rates of hybrid Crocodylus siamensis at Phnom
Tamao Zoological Park and Wildlife Rescue Center
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Abstract

The Critically Endangered Siamese crocodile Crocodylus siamensis is one of the most threatened crocodilians globally,
although its reproductive biology remains poorly known. This study aimed to contribute to filling gaps in knowledge
by investigating the effect of incubation temperature on incubation periods, hatching success rates, sex determination
and hatchling measurements. The study was carried out during the 2020 nesting season (February to August) at the
conservation breeding facility of the Cambodian Crocodile Conservation Project in the Phnom Tamao Zoological Park
and Wildlife Rescue Center. Given the relatively small number and conservation importance of C. siamensis eggs, the
experiment employed 55 eggs obtained from specimens of mixed ancestry (C. siamensis x porosus and/or rhombifer).
These were incubated at 11 different temperatures, increasing in 0.5 °C increments from 29 °C to 34 °C. Thirty-six of
the 55 eggs hatched, with incubation periods ranging from 69 to 87 days. Results indicate that incubation temperature
influences hatching success rates and incubation periods, with a positive correlation between temperature and success
rates and a negative correlation between temperature and incubation periods. The influence of incubation temperature
on sex determination could not be evaluated as only one female was produced. No correlation was found between
incubation temperature and the total length of hatchlings, but temperature appears to influence snout vent-length, head
length and weight. While this study contributes to understanding of the effect of temperature on incubation periods
and hatchling parameters for hybrid C. siamensis, the sample size was small and accurate temperature control was not
possible due to logistical challenges including power cuts. These caveats must be considered before firm conclusions
are drawn from the results and further studies that address these limitations are warranted.
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Diversity of microfungi inhabiting palmaceous plants in Cambodia
(Borassus flabellifer) and Japan (Trachycarpus fortunei)
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Abstract

Palms are evergreen perennial monocot plants belonging to the Palmaceae (Arecaceae) in the Arecales order of the
Angiosperms. These are a highly diverse group of plants mainly distributed in tropical to subtropical areas and include
many economically important plants which are utilized in various ways by humans. Over the last decade, the fungal
flora associated with palms has been studied using descriptive morphological and molecular phylogenetic approaches.
The aim of this study was to determine the diversity of microfungi inhabiting palmaceous plants in Cambodia and
Japan and provide taxonomic descriptions of these. Twenty-five leaves were collected from 25 sampling sites, including
15 sites in Japan in August 2020 and ten sites in Cambodia in November 2020. Surface washing and sterilization methods
were used to detect the fungi present on samples. Following this, sample leaves were cut into small pieces and placed on
agar plates. All cultures were stored at 20 °C for three to seven days in an incubator. A total of 46 microfungal species
belonging to 34 genera were recorded from the samples. Twenty-two species in 20 genera were identified in the Cambo-
dian samples including: Acremonium, Alternaria, Aspergillus, Candida, Colletotrichum, Curvularia, Diaporthe, Fusarium,
Gliocladium, Mucor, Nigrospora, Papulaspora, Penicillium, Periconia, Pestalotiopsis, Phaeotrichoconis, Phomopsis, Rhizopus,
Trichoderma and Trichothecium, whereas 45 taxa in 33 genera were recorded in Japan. Fifteen genera were recorded
from both countries: Acremonium, Alternaria, Aspergillus, Colletotrichum, Curvularia, Fusarium, Gliocladium, Mucor, Nigros-
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pora, Papulaspora, Penicillium, Periconia, Pestalotiopsis, Phomopsis and Trichoderma. The species richness, abundance and
diversity of fungal communities was compared between countries and significant differences were found in diversity.
However, further studies are warranted. In particular, comparison of young and old palm tissues and temporal surveys
(monthly sampling over several years) may help to elucidate the influence of different environmental factors on Cambo-
dian fungal communities.

The effectiveness of Bengal florican (Houbaropsis bengalensis)
conservation in the Northern Tonle Sap Protected Landscape in
the Kampong Thom and Siem Reap provinces, Cambodia
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Abstract

The Bengal florican Houbaropsis bengalensis is a Critically Endangered bustard which inhabits alluvial grasslands in
India, Nepal and Cambodia. Bengal Florican Conservation Areas (BFCAs) covering 31,159 ha (312 km?) exist in the
Northern Tonle Sap Protected Landscape (Kampong Thom and Siem Reap provinces) of Cambodia. This study aimed
to assess population trends for the species in three BEFCAs in 20102019, as well as to identify threats to its survival and
explore local perceptions regarding ongoing conservation initiatives. Annual census data were used to assess popula-
tion trends, whereas threats and local perceptions were investigated through a mixture of observations on line transects,
97 household interviews, three key informant interviews and three focus group discussions involving 40 local residents.
Census data suggest that the species declined in the Stoung-Chikraeng, Baray and Chong Doung BFCAs between 2010
and 2019, although the population appeared more stable in the Stoung-Chikraeng BCFA in 2017-2019. According to
transect observations, the most common threats to the species were disturbance from cattle grazing in the Stoung-
Chikraeng BCFA (registered on 36.1% of transects) and human presence in the Baray and Chong Doung BFCAs (38.7%
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and 34.2% respectively). Conservation threats most commonly identified by local residents included hunting (30.7% of
households), use of agricultural chemicals (16.4%), habitat loss due to land grabbing (15.6%), rice planting during the
dry season (13.1%) and collisions with overhead power lines (10.7%). Notwithstanding this, 80.4% of study respondents
understood the purpose of the BECAs and 78.4% regarded their management positively. A variety of actions are recom-
mended to strengthen conservation of Bengal florican populations within the study landscape.

Distribution and habitat characteristics of Endangered
Paphiopedilum spp. and Phalaenopsis spp. in the Shinta Mani Wild
Conservation Concession, Cambodia

VENG Sreyleak
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Abstract

Orchids are widely distributed across tropical regions with warm and humid climates. This study aimed to deter-
mine the distribution and habitat preferences of Paphiopedilum spp. and Phalaenopsis spp. within the Shinta Mani Wild
Conservation Concession which covers an area of 3 km?in Sihanoukville Province, southern Cambodia. The overall
purpose of the study was to contribute to conservation efforts for orchids in Cambodia. Field research was undertaken
in May-August 2020 and included transect lines, opportunistic and random searches to locate orchids within these
genera. On finding these, a variety of ecological data were recorded including elevation, humidity, temperature, host
substrate, distance from the water and forest cover. Two species of Phalaenopsis (P. difformis and P. pulcherrima) were
recorded in a total of 56 locations, whereas one species of Paphiopedilum (P. callosum) was recorded in seven locations.
Phalaenopsis difformis, an epiphyte, was only recorded at a single location along a stream at 129 m above sea level,
whereas P. pulcherrima (which can grow as an epiphyte or lithophyte) was recorded in riparian forests between 50 and
200 m above sea level, mostly in open areas including dwarf bamboo with direct sunlight. The remaining species, P.
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callosum, is a lithophyte and appeared to prefer elevations above 200 m above sea level. It was recorded on moist boul-
ders among decayed leaves near to evergreen forest and is currently regarded as globally Endangered.

Factors influencing the dynamics and distribution of mosquito
species in five provinces, Cambodia
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Abstract

Vector-borne pathogens are a major cause of disease in humans and domestic animals and both have expanded
geographically due to modern transportation and globalization. At least 135 arboviruses cause human disease which
are maintained in transmission cycles between vertebrate hosts and blood-sucking arthropods such as mosquitoes,
sandflies, midges and ticks. To complete a transmission cycle, a given virus must produce a sufficiently high level of
viremia in its vertebrate host for a susceptible arthropod to become infected when taking a blood meal. In Cambodia,
269 mosquito species in 25 genera are known to be of medical importance and the risk of the emergence of zoonotic
diseases is particularly high in tropical forest regions because these important biodiversity hotspots are undergoing
major land-use changes. This study employed two types of traps (BG-Sentinel and homemade CDC light traps) to
sample mosquitoes at sites representing an ecological gradient from forest to urban areas across five provinces in
Cambodia (Pursat, Pailin, Preah Vihear, Kampong Thom and Sihanoukville). This resulted in the identification of 88
species of mosquito belonging to 16 genera. Four species represented 81% of all mosquitoes collected: Culex vishnui,
C. quinquefasciatus, Anopheles peditaeniatus and Aedes albopictus. Twelve of the 88 species recorded are potential bridge
vectors (species that connect animal reservoirs to new vertebrate hosts, including humans) that occur from forests to
urban areas in each province: A. albopictus, A. vexans, Armigeres subalbatus, Coquillettidia crassipes, C. bitaeniorhynchus,
C. brevipalpis, C. gelidus, C. nigropunctatus, C. quinquefasciatus, C. tritaeniorhynchus, C. vishnui and Mansonia indiana. As
potential bridge vectors, these species may be able to transmit new infectious diseases in future.
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Purpose and Scope

The Cambodian Journal of Natural History (ISSN 2226-
969X) is an open access, peer-review journal published
biannually by the Centre for Biodiversity Conservation
at the Royal University of Phnom Penh. The Centre for
Biodiversity Conservation is a non-profit making unit,
dedicated to training Cambodian biologists and the
study and conservation of Cambodia’s biodiversity.

The Cambodian Journal of Natural History publishes
original work by:

e Cambodian or foreign scientists on any aspect of
Cambodian natural history, including fauna, flora,
habitats, management policy and use of natural
resources.

e Cambodian scientists on studies of natural history in
any part of the world.

The Journal especially welcomes material that enhances
understanding of conservation needs and has the poten-
tial to improve conservation management in Cambodia.
The primary language of the Journal is English. For full
papers, however, authors are encouraged to provide a
Khmer translation of their abstract.

Readership

The Journal’s readers include conservation professionals,
academics, government departments, non—governmental
organisations, students and interested members of the
public, both in Cambodia and overseas. In addition to
printed copies distributed in Cambodia, the Journal is
freely available online from: http://www .fauna-flora.org/
publications/cambodian-journal-of-natural-history/  or
http://rupp.edu.kh/cjnh

Manuscripts Accepted
The following types of manucripts are accepted:
e Full papers (2,000-7,000 words, excluding references)

e Short communications (300-2,000 words, excluding
references)

e News (<300 words)

e Letters to the editor (<650 words)

Full Papers and Short Communications

Full Papers (2,000-7,000 words, excluding references)
and Short Communications (300-2,000 words, excluding
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references) are welcomed on topics relevant to the Jour-
nal’s focus, including:

® Research on the status, ecology or behaviour of wild
species.

® Research on the status or ecology of habitats.

e Checklists of species, whether nationally or for a
specific area.

e Discoveries of new species records or range exten-
sions.

* Reviews of conservation policy and legislation in
Cambodia.

¢ Conservation management plans for species, habitats
or areas.

e The nature and results of conservation initiatives,
including case studies.

® Research on the sustainable use of wild species.

The Journal does not normally accept formal descrip-
tions of new species, new subspecies or other new taxa.
If you wish to submit original taxonomic descriptions,
please contact the editors in advance.

News

Concise reports (<300 words) on news of general interest
to the study and management of Cambodia’s biodiver-
sity. News items may include, for example:

e Announcements of new initiatives; for example,
the launch of new projects, conferences or funding
opportunities.

e Summaries of important news from an authoritative
published source; for example, a new research tech-
nique, or a recent development in conservation.

Letters to the Editors

Informative contributions (<650 words), usually in
response to material published in the Journal.

Recent Literature

Copies or links to recent (<18 months) scientific publi-
cations concerning Cambodian biodiversity and the
management of natural resources. These may include
journal papers, project technical reports, conference
posters and student theses.
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How to Submit a Manuscript

Manuscripts are accepted on a rolling basis each year
and should be submitted by email to the editors (Editor.
CJNH@gmail.com, Editor.CJNH@rupp.edu.kh). In the
covering email, the lead (corresponding) author should
provide the names and contact details of at least three
suitably qualified reviewers (whom the editors may or
may not contact at their discretion) and confirm that:

e The submitted manuscript has not been published
elsewhere,

e All of the authors have read the submitted manu-
script and agreed to its submission, and

e All research was conducted with the necessary
approval and permit from the appropriate authori-
ties.

Authors are welcome to contact the editors at any time if
questions arise before or after submitting a manuscript.

Preparation of Manuscripts

Authors should consult previous issues of the journal for
general style, and early-career authors are encouraged to
consider guidance provided by:

Fisher, M. (2012) Editorial—To shed light on dark corners.
Cambodian Journal of Natural History, 2012, 1-2.

Daltry, ].C., Fisher, M. & Furey, N.M. (2012) Editorial — How to
write a winning paper. Cambodian Journal of Natural History,
2012, 97-100.

Manuscripts should be in English and use UK English
spelling (if in doubt, Microsoft Word and similar soft-
ware should be set to check spelling and grammar for
“English (UK)’ language). Lines should be double-spaced.
Submissions can be in “doc’, “docx” or ‘rtf’ format, prefer-
ably as a single file attached to one covering email.

The order of sections in the manuscript should be: cover
page, main text, references, short biography of each
author, tables and figures (including photographs). All
pages should be numbered consecutively.

Cover page: This should contain the institutions and full
mailing addresses of all authors and the email address of
the corresponding author.

Title: A succinct description of the work, in no more than
20 words.

Abstract: (Full papers only). This should describe, in no
more than 250 words, the aims, methods, major find-
ings and conclusions. The abstract should be informative
and intelligible without reference to the text, and should
not contain any references or undefined abbreviations.
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Cambodian authors are strongly encouraged to submit a
Khmer translation of the English abstract.

Keywords: (Full papers only). Up to eight pertinent words,
in alphabetical order.

Main text: (Short communications). This should avoid the
use of headed sections or subsections.

Main text: (Full papers). This should comprise the
following sections in order: Introduction, Methods,
Results, Discussion and Acknowledgements. Subsections
may be included in the Methods, Results and Discussion
sections if necessary. Conclusions and recomendations
should be included in the Discussion.

References: These should be cited in the text in the form
of Stuart & Emmett (2006) or (Lay, 2000). For three or
more authors, use the first author’s surname followed by
et al.; for example, Rab et al. (2006) or (Khou et al., 2005).
Multiple references should be in chronological order, for
example, Holloway & Browne (2004); Kry & Chea (2004);
Phan (2005); Farrow (2006).

The reference list should be presented in alphabetical
order. Cambodian, Vietnamese and other authors who
typically write their family name first are presented in
the form <surname> <initials> without a comma (thus,
Sin Sisamouth becomes Sin S.). Western author names
are presented in the form <surname> <comma> <initials>
(thus Charles Robert Darwin becomes Darwin, C.R.).

The titles of articles and journals should be written in full.

The following are examples of house style:

Papers:

Berzins, B. (1973) Some rotifers from Cambodia. Hydrobio-
logia, 41, 453-459.

Neang T. (2009) Liquid resin tapping by local people in
Phnom Samkos Wildlife Sanctuary, Cambodia. Cambodian
Journal of Natural History, 2009, 16-25.

Tanaka S. & Ohtaka A. (2010) Freshwater Cladocera (Crus-
tacea, Branchiopoda) in Lake Tonle Sap and its adjacent
waters in Cambodia. Limnology, 11, 171-178.

Books and chapters:

Khou E.H. (2010) A Field Guide to the Rattans of Cambodia.
WWEF Greater Mekong Cambodia Country Programme,
Phnom Penh, Cambodia.

MacArthur, R-H. & Wilson, E.O. (1967) The Theory of Island
Biogeography. Princeton University Press, Princeton, USA.

Rawson, B. (2010) The status of Cambodia’s primates. In
Conservation of Primates in Indochina (eds T. Nadler, B.
Rawson & Van N.T.), pp. 17-25. Frankfurt Zoological
Society, Frankfurt, Germany, and Conservation Interna-
tional, Hanoi, Vietnam.
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Reports:

Lic V., Sun H., Hing C. & Dioli, M. (1995) A Brief Field Visit to
Mondolkiri Province to Collect Data on Kouprey (Bos sauveli),
Rare Wildlife and for Field Training. Unpublished report to
Canada Fund and IUCN, Phnom Penh, Cambodia.

Theses:

Yeang D. (2010) Tenure rights and benefit sharing arrange-
ments for REDD: a case study of two REDD pilot projects in
Cambodia. MSc thesis, Wageningen University, Wagen-
ingen, The Netherlands.

Websites:

TUCN (2010) 2010 IUCN Red List of Threatened Species. Http://
www.redlist.org [accessed 1 December 2010].

About the Author(s): This section is optional for Full Papers
and Short Communications. It should describe the main
research interests of each author (<150 words each), apart
from what is obvious from the subject of the manuscript
and the authors’ affiliations.

Tables and figures (including plates): All tables and figures
should be cited in the text and placed at the end of the
manuscript. These should be self-explanatory, have an
appropriate caption and be placed on separate pages.
Figures, including maps, should ideally be in black and
white. Plates (photographs) should be included only if
they are of good quality and form part of evidence that
is integral to the study (e.g. a camera trap photograph of
a rare species).

Appendices: Long tables and other supporting materials,
such as questionnaires, should be placed in Appendices.

Species names: The first time a species is mentioned, its
scientific name should follow without intervening punc-
tuation: e.g., Asian elephant Elephas maximus. English
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names should be in lower case throughout except where
they incorporate a proper name (e.g., Asian flycatcher,
Swinhoe’s minivet, long-billed vulture).

Abbreviations: Full expansion should be given at first
mention in the text.

Units of measurement: Use metric units for measurements
of area, mass, height, etc.

Review and Editing

All authors are strongly advised to ensure that their
spelling and grammar is checked by a native English
speaker before the manuscript is submitted to the journal.
The editorial team reserves the right to reject manuscripts
that need extensive editing for spelling and grammar.

All manuscripts are subject to rigorous peer review
by a minimum of two qualified reviewers.

Proofs will be sent to authors as a portable docu-
ment format (PDF) file attached to an email note. Acrobat
Reader can be downloaded free of charge from <www.
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