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A comparison of ground-dwelling and arboreal ant assemblages
(Hymenoptera: Formicidae) in lowland forests of Cambodia

Shingo Hosoishi", Yoshiaki Hashimoto?, Sang-Hyun Park', Seiki Yamane® and Kazuo Ogata'

Abstract. This paper presents the first comprehensive description of the ant fauna of Cambodia, most of which
has not yet been extensively surveyed. The aim was to investigate ground-dwelling and arboreal ant fauna in three
types of lowland forest in Cambodia and assess the bioindicator value of ant communities along forest disturbance
gradient. The ground ant fauna was sampled by Winkler extraction, and the arboreal ant fauna by time unit sampling.
A total of 101 ant species belonging to 40 genera in nine subfamilies was collected. Of these species, 41 were
collected in the community forest (CF; habitat with high disturbance), 52 in regrowth forest (RF), and 61 in natural
(undisturbed) forest (NF). Although the total species richness hence declined with the level of disturbance, it did
not differ significantly among the three forest types. A comparison between ground and arboreal fauna showed an
overlap of nine species (22%) in CF, 4 spp. (8%) in RF, and 7 spp. (11%) in NF. Non-metric multi dimensional
scaling revealed that the ground ant fauna in CF greatly differed from the ground ant fauna in both RF and NF,
which were rather similar in their species composition. Conversely, the arboreal ant fauna in the CF differed less
from the arboreal ant fauna in RF and NF sites. However, there was much a higher occurrence of invasive ant
species in CF than in the other forest types. The results suggest that higher level of disturbance due to logging
and inundation common in community forests affects more the ground than arboreal ant fauna. The high number
of ant species collected, well-defined vertical stratification of their communities, and the relatively high species
turnover along the forest disturbance gradient confirm the importance of Cambodian lowland forests for biodiversity
conservation programs and of the ants as usable indicator animal group of the disturbance.
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INTRODUCTION

In terms of biomass and abundance, ants are well represented
in all tropical rainforest strata (Holldobler & Wilson, 1990;
Dunn et al., 2009; Weiser et al., 2010; Jenkins et al.,
2013). Inventories of lowland tropical rainforests in Sabah,
Malaysian Borneo, have shown that ants account for more
than 50% of all arthropod individuals at each site (Floren &
Linsenmair, 1997). Similarly Tsukamoto & Sabang (2005)
investigated the soil macro-fauna in a lowland primary forest
of Sarawak, Malaysian Borneo, and found that 39% of all
invertebrate individuals were ants.

Numerous studies on ant diversity have been conducted
in tropical Asia (e.g., Ito et al. [2001] in Java, Indonesia;
Yamane et al. [2002] in northern Vietnam; Eguchi &
Yamane [2003] in northwestern Borneo; Malsch et al.
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[2003] in Pasoh, Peninsular Malaysia; Eguchi et al. [2004]
in northern Vietnam; Jaitrong & Nabhitabhata [2005]
in Thailand; Gunawardene et al. [2008] in Sri Lanka;
Pfeiffer et al. [2011] in Borneo; Zryanin [2011] in southern
Vietnam). However, the ant diversity of Cambodia has not
been comprehensively investigated. Guénard et al. (2012)
also suggested that Cambodia is one of the least explored
countries for myrmecofauna in the world. Unfortunately,
biodiversity surveys in Cambodia were disrupted from the
time of the world war, until the termination of the Cambodian
civil war in 1992, and for a long time, security risks and a
lack of infrastructure have prevented access to most of the
forest areas in Cambodia.

In his biogeographical analysis, Zryanin (2011) demonstrated
that the ant fauna of Nam Cat Tien in southern Vietnam
formed a cluster with the Indo-Malayan ant fauna from Bogor
(E. Java), Poring, and Tawau (N. Borneo). Interestingly a
similar pattern has been reported in butterfly assemblages
from the Cardamom Mountains (Monastyrskii et al.,
2011). These authors state that the southern regions of
the Indochinese Peninsula, including Cambodia, are
biogeographically interesting, having a strong relationship
with the Sunda region in their insect species composition
rather than with northern parts of Indochina. However, despite
this biogeographical interest, ant fauna of Cambodia region
remains understudied.
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While the majority of the primary forests in tropical Asia have
been converted to monoculture plantations (e.g., rubber and
oil palm), the primary forests of Cambodia have remained
relatively unexploited. Indeed, more than 60 % of the country
is covered by forests (Save Cambodia’s Wildlife, 2006). In
recent years, however, these pristine forests have come under
threat from human activities, such as logging and commercial
harvesting and plantations. Also, an increase in tourist activity
(e.g., casinos and hotels) in the highland areas of Phnom
Bokor National Park in southwestern Cambodia is threatening
the natural habitats of several endemic plants and animal
species (Mey, 2009; Hosoishi et al., 2012). Consequently,
the number of studies focusing on the development of
sustainable biodiversity conservation initiatives is increasing
(Hosoishi et al., 2013; Toyama et al., 2015). These studies
are considered to be particularly important as information
on the faunal assemblages in unexplored countries can serve
as practical data sources for forest conservation (Robertson,
2002; Deblauwe & Dekoninck, 2007; LaPolla et al., 2007).

Disturbance is generally considered to adversely affect ant
community structure and reduce diversity (Vasconcelos,
1999; Kone et al., 2014; Kwon et al., 2014). Deforestation
results in trees becoming sparser, causing the microhabitats
on the ground to become drier and canopy trees to be widely
separate from one another. All this may have a negative
effect on leaf litter-associated and canopy ants. Examining
more than one stratum will provide a more comprehensive
understanding of forest dynamics and how these affect the
ant fauna supported by the forest. Previous studies have
shown that low species richness and evenness are typical
for ground-foraging ant communities in disturbed forests
(Briihl et al., 2003; Bickel & Watanasit, 2005; Fayle et al.,
2010; but see Wang & Foster, 2015). Moreover, arboreal
ants are known to be in particular affected negatively by
forest disturbance, as the forest structure in logged and
secondary forests is simplified compared to natural forests
and offer thus less nesting microhabitats in the canopies
(e.g. Pfeiffer et al., 2008; Fayle et al., 2010; Klimes et al.,
2012). Both strata are endangered then by spread of invasive
ant species, once forest is disturbed (Klimes et al., 2015).
By intercepting solar radiation, trees reduce the amount of
light that reaches the ground layer (Belsky & Amundson,
1992), which means that in open canopy habitats, such
as logged forests and plantations, soil temperatures and
potential evapotranspiration tend to be markedly higher
than in closed-canopy forests. These characteristics make
open-canopy habitats more stressful also for ground-dwelling
ants, leading to a decrease in species richness and changes
in community structure (Turner & Foster, 2006).

This study was undertaken to study for the first time the
tropical forest ant communities of Cambodia along a
forest disturbance gradient and assess their diversity and
conservation value. We selected three forest types that have
been subjected to varying levels of human disturbance,
and sampled ants in both the ground and arboreal strata. In
Cambodia, community forests (CF), regrowth forests (RF),
and natural forests (NF) are all commonly found in the
lowland of the country. The CF areas are most affected by
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Fig. 1. Map of study sites in Kampong Chhnang and Kampong
Thom Provinces, Cambodia. CF, community forest in Kampong
Chhnang Province; RF, regrowth forest; NF, natural forest in
Kampong Thom Province.

human disturbance, and RF areas are moderately disturbed.
While the local people living in the vicinity of the CF areas
use trees for fuel, they do not intensively use the RF areas
for this purpose. The NF areas are not yet disturbed. The
three forest types are dominated by evergreen tree species
along with some deciduous trees such as Dipterocarpus spp.
To better understand the characteristics of ground-dwelling
and arboreal ants in Cambodia and their changes along
the forest disturbance gradient, we compared ant species
composition and dominant species among the three forest
types. In addition, we present a preliminary survey of ant
diversity and their species list in Cambodian forests in the
hope that this information will facilitate future conservation
initiatives that are undertaken in the country.

MATERIAL AND METHODS

Study sites. The study was carried out in the three forest types
in Cambodia: CF in Kampong Chhnang Province (11°59'N
and 104°44’E), and RF (12°38'N and 105°16'E) and NF
(12°34'N and 105°23'E) in Kampong Thom Province (Figs.
1, 2). The rainy season extends from May through October
and the dry season from November through April, and the
average annual precipitation and temperature are 1,700 mm
and 28°C, respectively (Khun et al., 2008).

The three forest types are generally dominated by evergreen
tree species, with deciduous trees such as Dipterocarpus spp.
and Shorea spp. CF is most intensively affected by human
disturbance as local people living in its neighbourhood use
trees extensively for fuel, although they did not establish
gardens there. RF consisted of forests that have regenerated
after clearance for logging, shifting cultivation, or other
activities, but did not contain yet high-canopy trees. NF
consisted of undisturbed forests that are managed by the
Cambodian Forestry Administration, supporting numerous
large trees, including high-canopy trees. A total of 24 tree
species have been recorded in the CF area, whereas 35 and
91 tree species occur in the RF and NF areas, respectively
(Toyama et al., 2013). Generally, the forest floor of the CF



Hosoishi et al.: Ant fauna of Cambodia

Table 1. Characteristics of community, regrowth and natural forests, showing their history of land use and vegetational characteristics at

the time of the study. *Data from Toyama et al (2013).

Study site History of land use

Characteristics of the vegetation*

Tree species*

Community forest (CF)
Regrowth forest (RF)
Natural forest (NF)

Human exploitation
Abandoned after forest clearing
Natural

With a canopy height of 5.3-17.8 m 24 spp.
With a canopy height of 3.5-24.4 m 35 spp.
With a canopy height of 2.7-45.4 m 91 spp.

Thom Province; C, natural forest in Kampong Thom Province.

area is covered with species of shrubs and weeds sparsely,
which are abundant in RF and NF areas. The topography
of the sampling sites in all the forest types is typically flat
and the soil surface consists of sand and leaf litter. The CF
area is normally flooded every year during the rainy season,
but the RF and NF areas are not. Details of the study sites
are given in Table 1.

Ant sampling. Ants were collected in the three forest types
at the end of April and in mid-November of 2010. Three
replicate sites were selected in each of the three forest types,
with three transects (70 m x 10 m) established in each forest
type to give a total of nine transects. Each transect had eight
sampling points at 10 m intervals, and all transects were
placed at a distance of at least 50 m from the forest edge
to reduce edge effects.

This study focused on both ground-dwelling and arboreal ant
communities and employed two kinds of sampling method.
Ants on lower vegetation, hereafter called ‘arboreal ants’ for
convenience’s sake, were hand-collected with forceps and
an aspirator by time unit sampling method (modified from
Ogata [2001]). This was performed for 15 min at a height
of 0.5 to 2.0 m by searching for foraging ants on leaves and
twigs, and repeated 8 times (once in each sampling point
within transect, within 3 m around the point). The Winkler
extraction method was used to collect ground-dwelling
and cryptic ants. In each forest type eight samples of leaf
litter (0.5 m x 0.5 m; top 3 cm soil layer) were collected
at points at least 10 m apart from each other. The litter of
each sample was sifted using a sieve with a mesh size of 6
x 6 mm and left for extraction in a mini Winkler apparatus
for two days. A total of 72 time-unit samples from lower
vegetation and 72 leaf litter samples were collected from
the nine transects.

Fig. 2. Surveyed lowland forests of Cambodia. A, community forest in Kampong Chhnang Province; B, regrowth forest in Kampong
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It should be noted that ‘arboreal ants’ term in this study
is used for simplicity for all ants sampled by the time-unit
method (on vegetation), although the samples sometimes
also include ground-nesting species (e.g., Camponotus
rufoglaucus and Polyrhachis illaudata) that are foraging
on lower vegetation and vice-versa. Similarly, the ‘ground-
dwelling ants’ category is solely used for ants collected by
Winkler extractions. All of the specimens were keyed to
genus (Bolton, 1994) and identified to species where possible
using revisional papers (e.g., Bolton, 2000). Unidentified
specimens (morphospecies) were given species codes (sp.
1, sp. 48 of SKY, etc.). Voucher specimens of all taxa are
deposited at the Institute of Tropical Agriculture, Kyushu
University, Japan.

Data analysis. Differences in species richness between the
three forest types were compared by analysis of variance
(ANOVA). Multivariate analyses were also conducted to
detect differences of species composition in ant assemblages
among the three forest types by non-metric multi-dimensional
scaling (NMDS) performed using the PRIMER v6 (Clarke
& Gorley, 2006). All NMDS ordinations were performed
on a Jaccard index based on presence/absence data, which
is employed widely in multivariate analysis of biological
assemblage data. The NMDS algorithm attempts to place data
points in a coordinate system in which the ranked distances
are preserved. Since this method makes no assumptions and
does not assume a linear relationship among variables, it is
well suited for the analysis of non-normal data.

An analysis of similarity (ANOSIM) was then used to test
whether the ant assemblage composition differed significantly
among the three forest types. ANOSIM uses non-parametric
permutation procedures applied to Jaccard similarity matrices
based on rank similarities between samples. ANOSIM returns
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Fig. 3. A, Mean species richness (with S.D.) of ants per transect
in community, regrowth and natural forests; B, Species richness in
community, regrowth and natural forests of Cambodia. The dark
band indicates the number of overlapping species between ground
and arboreal samples.

a global R-static, which is an absolute distance measure
among samples.

RESULTS

A total of 101 ant species belonging to 40 genera in nine
subfamilies was collected in the three forest types (Table
2). In terms of species number, the subfamily Myrmicinae
was the best represented (45 spp. of 101 species), followed
by the subfamilies Formicinae (27 spp.), Dolichoderinae (8
spp.), Ponerinae (7 spp.), and others (14 spp.). The most
speciose genus was Camponotus with 11 species (11% of
total), followed by Carebara with 8 spp. (8%), Crematogaster
with 8 spp. (8%), Tetramorium with 8 spp. (8%), and
Pheidole with 7 spp. (7%). Forty-one species were found
in CF, 52 in RF, and 61 in NF, respectively. However, the
total species richness per transect did not differ significantly
among the three forest types (ANOVA, d.f=2, 6; F=3.092,
P=0.119) (Fig. 3A).

A comparison of the numbers of ground and arboreal
species within different forest types showed that there was
an overlap of 22% (9 spp.) in CF, 8% (4 spp.) in RF, and
11% (7 spp.) in NF (Fig. 3B).
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Fig. 4. Non-metric multidimensional scaling ordination for ground-
dwelling ants in community forest (Kampong Chhnang), regrowth
and natural forests (Kampong Thom). Circle: ground samples in
community forest; triangle: ground samples in regrowth forest;
square: ground samples in natural forest.
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Fig. 5. Non-metric multidimensional scaling ordination for arboreal
ants in community forest (Kampong Chhnang), regrowth and natural
forests (Kampong Thom). Circle: arboreal samples in community
forest; triangle: arboreal samples in regrowth forest; square: arboreal
samples in natural forest.

Non-metric multi dimensional scaling showed that the
ground-dwelling ant fauna differed among CF forest type
and all other sites, while RF and NF aggregated together in
the multivariate analysis (Fig. 4). By contrast, the arboreal
ant fauna differed considerably between each forest type and
also among sites within each forest type, with sites within
both NF and RF more different from each other than those
in CF (Fig. 5).

Overall, there was a significant difference in ant assemblage
composition among the three forest types using ANOSIM
(Global R=0.71, P=0.001), with the CF assemblage differing
from RF and NF assemblages (R=0.815, P=0.01; R=0.981;
P=0.01 for CF vs. RF, NF, respectively), and the RF
assemblage differing slightly from NF (R=0.435, P=0.06).
However, we could not find a significant difference when
comparing ground or arboreal communities separately.
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Table 2. Abundance (n=24) of ant species collected by Winkler extractions (ground-dwelling ants) and time unit sampling (arboreal ants).
CFar: arboreal samples in community forest; CFgr: ground samples in community forest; RFar: arboreal samples in regrowth forest;
RFgr: ground samples in regrowth forest; NFar: arboreal samples in natural forest; NFgr: ground samples in natural forest. * indicates
the invasive species.

Species CFgr CFar RFgr RFar NFgr NFar

AMBLYOPONINAE
Stigmatomma sp. 1 1 1
Stigmatomma sp. 2 1

CERAPACHYINAE
Cerapachys sp. 1 1
Cerapachys sp. 2 2

DOLICHODERINAE

Dolichoderus sulcaticaps (sp. 9 of SKY) 4
Dolichoderus sp. 1
Philidris sp. 5 14 6 14
Tapinoma melanocephalum * 9 2 3
Technomyrmex albipes * 1
Technomyrmex elatior 5 3 2

Technomyrmex horni 3 1 5 1
Technomyrmex pratensis 2

ECTATOMMINAE
Gnamptogenys bicolor 1 2
Gnamptogenys binghamii 1 1

FORMICINAE
Acropyga butteli 1 3

Anoplolepis gracillipes * 1 5 2 2
Camponotus rufoglaucus 1 1

Camponotus sp. 1 2

Camponotus sp.
Camponotus sp.
Camponotus sp.
Camponotus sp.
Camponotus sp.
Camponotus sp.
Camponotus sp.

Nl CIIEN e Y I L S
—_

Camponotus sp.
Camponotus sp. 48 of SKY 1 1

Lepisiota sp. 1 2
Lepisiota sp. 2 3

Nylanderia sp. 1 1 5 2

Nylanderia sp. 2 4

Nylanderia sp. 3 11 2

Oecophylla smaragdina 19 4 1
Paraparatrechina sp. 2

Paratrechina longicornis * 1 3
Plagiolepis sp. 1 of SKY 7 1
Plagiolepis sp. 4

Polyrhachis armata 7 4

(o))
~

Polyrhachis ilaudata
Polyrhachis laevissima 2

Polyrhachis tibialis 1
Pseudolasius sp. 2
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Species

CFgr

CFar

RFgr

RFar

NFgr

NFar

MYRMICINAE
Carebara sp.
Carebara sp.
Carebara sp.
Carebara sp.
Carebara sp.
Carebara sp.

O 0 3 O L W —

Carebara sp.
Carebara sp. 10
Cataulacus granulatus
Crematogaster aurita
Crematogaster biroi quadriruga
Crematogaster modiglianii
Crematogaster ferrarii
Crematogaster sp. 1
Crematogaster sp. 2
Crematogaster sp. 3
Crematogaster sp. 4
Dilobocondyla sp.
Lophomyrmex sp.
Monomorium cf. floricola *
Monomorium pharaonis *
Monomorium sp.
Myrmecina sp.

Pheidole rabo

Pheidole sp. eg-94
Pheidole cf. sp. eg-111
Pheidole sp. eg-141
Pheidole sp. 1

Pheidole sp. 2

Pheidole sp. 3

Proatta sp.

Strumigenys feae (sp. 44 of SKY)

Strumigenys sp. 1
Strumigenys sp. 2
Strumigenys sp. 55 of SKY
Syllophopsis sechellensis
Tetramorium aptum
Tetramorium flavipes
Tetramorium kraepelini
Tetramorium scabro group
Tetramorium sp. 1
Tetramorium sp. 2
Tetramorium sp. 3
Tetramorium sp. 63 of SKY
Trichomyrmex destructor *

PONERINAE

Anochetus graeffei complex
Diacamma sp.
Ectomomyrmex sp.
Euponera sp.

Hypoponera sp. 2 of SKY
Hypoponera sp. 48 of SKY
Odontoponera denticulata

PROCERATIINAE
Probolomyrmex vieti
Probolomyrmex sp.

19
10
13

13

S Sy

W = N W W

11

_— = W W 0 W =

11

11

11
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Species CFgr

CFar RFgr RFar NFgr NFar

PSEUDOMYRMECINAE

Tetraponera allaborans 1
Tetraponera extenuata

Tetraponera near attenuata

Tetraponera nitida

Tetraponera sp. 1

Total number of species richness 33

18 30 26 36 32

Totals of ground plus arboreal ants

41

52 61

DISCUSSION

This is the most comprehensive study of the ant fauna
conducted up today in the lowland forests of Cambodia
to our best knowledge. Although species richness did not
differ significantly among the three forest types in our study,
the composition varied greatly, especially between CF and
undisturbed forests (RF, NF) for ground ants, and within RF
and NF for arboreal ants. The region has a highly diverse ant
fauna, and the undisturbed forests have greater ant diversity
than disturbed forest, with the greater diversity being greatly
attributable to many uncommon species.

Ground-dwelling versus arboreal ant communities. The
NMDS ordination (Fig. 4) showed that the ground-dwelling
ant communities in the RF and NF sites were more similar
to each other than to the communities in the CF sites. The
RF and NF communities showed less spatial variation and
were closer than the communities in CF. There may be the
higher difference in ground ant fauna at CF sites, may be
due to the incidence of logging and inundation in this forest
type, which are both higher than at the other two forest
types. Also it may be due to higher proportion of invasive
ant species in CF sites (54% of all 48 samples) (4% in RF;
21% in NF) (Table 2). In the CF forest sites, rainfall washes
away the soil in the rainy season, causing severe damage to
the nesting sites of ants. Conversely, the abundant leaf litter
in RF and NF would have an effect of reducing soil erosion.
Previous studies have shown that inundation affects ground
ant fauna more strongly than arboreal ant fauna (Deblauwe
& Dekoninck, 2007). For example, Wilson (1987) found a
considerable reduction in ant species richness in an inundated
area in Peru. Majer & Delabie (1994) also showed that soil-,
litter- and shrub-associated species in the Brazilian Amazon
were most strongly affected by inundation, whereas tree-
foraging ants were not affected. The slightly higher difference
then between CF forest sites appears to be influenced by the
rare species. In contrast, the ground-dwelling ant fauna at
both RF and NF sites had a similar species composition and
high degree of species overlap. It may not be only due to the
site proximity, and may be because the lower incidence of
disturbance in those forest types allows for such a strikingly
similar ground-dwelling species composition.

Some leaf litter-associated genera, e.g., Carebara and
Strumigenys, were found in our samples. The RF and NF
sites generally showed higher numbers of these species
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than the CF sites, suggesting that the RF and NF sites have
abundant leaf litter, fertile soil and stable conditions to host
these small-body-sized and typically leaf-litter nesting taxa.

Unlike the ground fauna, arboreal ant fauna exhibited
different composition patterns (Fig. 5). For example, the
arboreal ant communities in CF sites have a higher similarity
in species composition among the three sites sampled than
found in the RF and NF communities, which were more
scattered in the NMDS ordination. The higher variance
among transects observed in RF and NF arboreal ant fauna
may have been due to less frequent logging and higher
number of tree species, which may permit establishment of
certain rare arboreal ants at each site. Logging reduces the
number of large trees and increases the abundance of shrubs,
which generally have the effect of reducing the number of
ant species, changing species composition (Widodo et al.,
2004), and affecting the trophic structure (Woodcock et al.,
2013). The lack of large trees and suitable arboreal nest sites
can have especially negative effect on arboreal ants (Fayle
et al., 2010; Klimes et al., 2012). Compared to contiguous
forests, isolated trees are characterised by the absence of
specialised arboreal species (Gove et al., 2009). Ant species
diversity is typically much higher in primary forests than it is
in secondary forests or highly disturbed forests and plantations
(Vasconcelos, 1999; Hashimoto & Maryati, 2011; Klimes
et al., 2012). Although the reason for the relatively higher
species diversity in primary forests has been attributed in
most of the studies simply to a high correlation of ant species
richness with tree species richness (e.g. Ribas et al., 2003;
Gunawardene et al., 2012), recently more careful studies
suggested that rather structural diversity of suitable nest sites
or other factors as seasonal and decomposition processes are
main drivers of ant diversity in tropical forests (Donoso et
al., 2010; Klimes et al., 2012; Sakchoowong et al., 2015).

Vertical stratification of ants. Although this study did not
aim to show general pattern of vertical stratification, as we
did not sample tree canopies and/or ant nests specifically,
relatively high differences were still observed in the vertical
distributions of ant assemblages in the three forest types
among the forest floor and understorey sampling (Fig. 3A).
A high percentage of species (92% in RF and 89% in NF),
was restricted only to one of the two strata in RF and NF
forests; however, this percentage was relatively lower (78%)
in CF. Although we did not have sufficient data to explain
this disparity, the forest structure (tree height, nest sites,
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tree species) is considered to be an important factor and this
may correspond to smaller canopies and less diverse plant
communities in community forests in our study (Table 1).

Similar findings of high stratification of ants have been
reported in primary rainforests of the tropics (Longino
& Nadkarni, 1990; Itino & Yamane, 1995; Briihl et al.,
1998; Yanoviak & Kaspari, 2000; Hashimoto et al., 2006;
Vasconcelos & Vilhena, 2006). Briihl et al. (1998) collected
ants from three strata in Bornean forests, i.e., leaf litter,
lower vegetation, and canopy. Their results showed that
the majority of species (ca. 75%) were restricted to each
stratum. Longino & Nadkarni (1990) compared the ant fauna
of leaf litter on the forest floor and in the epiphyte mats
in the canopy of Costa Rican forests. They found that 33
species (62%) were restricted to one stratum out of a total
of 53 species examined. Our results from the three forest
types appeared to corroborate the findings of these previous
studies. Although our study sites and sampling strata differed
from theirs, the findings of the present study suggest that
the well-preserved forests are characterised by well-defined
stratification of ants.

Ant fauna in this study compared to neighbouring areas.
Several of the myrmecological studies conducted in other
regions of the Indochinese Peninsula have produced lists of
observed species. Faunal surveys of ants in neighbouring
regions have reported a total of 272 species (68 genera) from
Nam Cat Tien in southern Vietnam in March—June 2007
and January—November 2008 (Zryanin, 2011). In northern
Vietnam, Yamane et al. (2002) collected 160 species (50
genera) from Cuc Phuong National Park in August 1998
and November 2001; Eguchi et al. (2004) collected 218
species (56 genera) from Ba Vi and Tam Dao during the
years 1998-2002. The differences in the number species
between this study and previous ones can be attributed to
differences in the survey intensity and sampling methods.
Our results were based on collection efforts spanning two
weeks by one or two investigators. All of our samples were
collected using standardised protocols for time unit sampling
and Winkler extractions from quadrates of the same size.
However, relatively small number of samples and transects
we explored may contribute, why we did not find significant
difference in community composition among forest types
once the two strata were analysed separately (Figs. 4, 5).

In the three aforementioned studies, Polyrhachis, Camponotus
and Pheidole were the most species-rich genera in Nam
Cat Tien (Zryanin, 2011); Leptogenys, Pheidole, and
Camponotus in Cuc Phuong (Yamane et al., 2002); and
Pheidole, Camponotus, and Leptogenys in Ba Vi and Tam
Dao (Eguchi et al., 2004). Our results also showed that
Camponotus and Pheidole were the dominant genera and
the absence of Leptogenys in our collections is likely due
to our sampling methods. While Winkler extractions are
often effective for collecting small cryptic species in leaf
litter and soil, the method can be less effective for collecting
large and active ant species such as Leptogenys. Similarly,
our hand-collecting from vegetation might subsample e.g.,
small-bodied and cryptically-nesting species in twigs and
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those restricted to the high canopy (e.g., Widodo et al.
2004; Klimes et al. 2015). The results presented here were
thus partly affected by the limited methods used to collect
ants. Further studies using additional collection methods,
e.g., underground bait trapping, soil sifting, bait traps, and
pitfall trapping, are considered necessary in order to obtain
a more complete picture of the ant fauna in Cambodian
lowland forests.

Conservation implications. The plant and animal
biodiversity studies that have been conducted in recent
years in Cambodia have been refined over time (Daltry &
Momberg, 2000; Grismer et al., 2010; Toyama et al., 2013;
Naiki et al., 2015), and many of these studies have provided
useful checklists of species and descriptions of new species.
However, of the Cambodian fauna studied to date, with the
exception of several early taxonomic studies and isolated
species descriptions (e.g. Fromantin & Soulié, 1961), the
ants of Cambodia have received a little attention. Indeed,
according to Guénard et al. (2012), Cambodia is one of the
most unexplored countries in terms of its ant fauna. This study
is the first necessary step toward providing a foundation for
categorising the ant fauna of Cambodia at the genus level.

Faunal lists of ants do not only indicate the species names
and the number of species, but they can also be used to
infer the characteristics of the fauna. Several of the species
collected in this study are also known in the neighbouring
regions, e.g., Hypoponera sp. 2 of SKY is widely known
from northern Vietnam (Yamane et al., 2002) and Borneo
(Eguchi & Yamane, 2003). The collation of such data over
the long term and the future work on taxonomy of those
species which we were able to assign in this stage only to
morphospecies names, will contribute to improvements in
both taxonomic and biodiversity assessments of the fauna
in these areas. It is possible that Cambodia is an integral
part of the “Green Corridor” connecting the tropical rain
forests in Southeast Asia with temperate deciduous forests
in East Asia. Evidence for this connection may become more
apparent as more unique taxa are discovered in the region.
For example, several interesting Crematogaster species have
been collected and new ant species from Cambodia, including
new ant species described by Hosoishi & Ogata (2014), as
well as lizards (Grismer et al., 2010), pitcher plants (Mey,
2009), and vascular plants (Naiki et al., 2015; Tagane et al.,
2015). Much of the extensive area of Cambodia has yet to
be surveyed for ants and other organisms. It is hoped that
the information presented here will provide the foundation
for a useful data set for biodiversity conservation planning
in Cambodia.
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