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Rodents play an important role in regulating ecosystems, 
in particular through seed dispersion and predation, and 
constitute a prey for mesopredators. However, rodents 
are considered pests in rural areas because they can cause 
signifi cant damage to crops, especially during episodes 
of sudden population growth (Singleton, 2003). Rodents 
are also carriers or reservoirs for numerous zoonotic 
diseases that represent a serious threat to human health 
(Meerburg et al., 2009; Luis et al., 2013; Olival et al., 2017). 
Multi-site assessments of rodent communities are conse-
quently needed to understand the implications of various 
spatio-temporal factors on these ecosystem services, the 
epidemiology of rodent-borne diseases, and other inter-
actions with humans.

 Between June 2015 and April 2016, fi eld surveys were 
conducted to assess rodent community composition at 
fi ve sites in Cambodia: the Orona, Pouy Doem Svay and 
Ochra villages in Keo Siema District, Mondulkiri Prov-
ince, and the Sro Lov Sroung and Rom Chek villages in 
San Dan District, Kampong Thom Province (Fig. 1). Each 
site was visited twice, once during the wet season (June–
September 2015) and once in the dry season (January–

April 2016). During each visit, 150 traps were deployed 
in a variety of habitats (including evergreen or semi-
evergreen forest, and cultivated lands) whose locations 
were recorded using handheld GPS units (Garmin 60Cx, 
Garmin 60Csx, USA). Rodents were trapped using locally 
made and non-lethal Havahart traps for eight consecu-
tive nights in each season at each site (=12,000 trap nights 
in total). All of the study procedures were approved by 
the Wildlife Conservation Society’s Institutional Animal 
Care and Use Committ ee, under protocol #15:04.

 Captured individuals were marked with a one milli-
metre ear notch. These skin samples were stored in 95% 
alcohol and placed in liquid nitrogen. Each animal was 
given a unique identifi cation code and photographed 
before release. Morphological criteria (Wilson & Reeder, 
2005; Francis, 2008; Chaval, 2011) and molecular anal-
yses were employed for species identifi cation. DNA 
was extracted from the skin samples using the Qiagen 
DNeasy® Blood & Tissue Kit according to the manu-
facturer’s instructions. The primer set of BatL5310 
(5’-CCTACTCRGCCATTTTACCTATG-3’) and R6036R 
(5’-ACTTCTGGGTGTCCAAAGAATCA-3’) were used 
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to amplify a 750 base pair fragment of the Cytochrome 
c oxydase subunit I (COI) gene, as described by Blasdell 
et al. (2015). Amplicons were sequenced using the Sanger 
method at a commercial facility (Macrogen, Seoul, 
South Korea). Species identifi cations were obtained by 
comparing DNA sequences to existing records. This 
process was facilitated by previous DNA barcoding 
eff orts for rodent species in the region (e.g., CERoPath: 
www.ceropath.org). 

 Where results of molecular identifi cation were not 
consistent with morphological characteristics (fi ve indi-
viduals) or when DNA sequences were not available due 
to missing skin samples (25 individuals), species deter-
minations relied on morphological identifi cation vali-
dated using archived photographs. Due to missing data, 
13 individuals could only be identifi ed to genus (11 Mus 
spp. individuals and two Ratt us spp. individuals). These 
were excluded from the results. Another 52 individuals 
which escaped from traps or during handling were also 
excluded from the study.

 A total of 519 individuals were captured and identi-
fi ed to species level over the course of sampling at the fi ve 

sites in the two seasons. These belonged to 13 diff erent 
species (12 from the Rodentia order and one from the 
Scandentia order). Of the 519 individuals captured, 395 
were captured during the wet season and 124 during the 
dry season. 

 Mus cervicolor, Ratt us tanezumi and Maxomys surifer 
were the most dominant species in all sites and seasons 
(see discussion of the R. tanezumi/ R3 clade below), 
representing 94% and 85% of all individuals captured 
during the wet and dry season, respectively (Fig. 2). The 
remaining 10 species were represented by 44 individ-
uals. Species abundance data for each site and season are 
provided in Table 1.

 Community composition diff ered signifi cantly 
between seasons (PERMANOVA: F=7.13, p=0.015), as 
indicated by a permutational multivariate analysis of 
variance on a Bray-Curtis dissimilarity matrix. Chao’s 
method (Chiu et al., 2014) was used to estimate the 
number of unseen species and total species richness for 
each site in each season (Fig. 3) and indicated this did not 
diff er signifi cantly between provinces (p=0.4) or seasons 

Fig. 1 Study locations in Kampong Thom Province and Mondulkiri Province, 2015–2016.
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(p=0.5). Although the distribution of traps in habitat 
types followed the same patt ern at each site and between 
seasons, total capture fi gures for each site were heteroge-
neous (Table 1). A Poisson regression employing “site” 
as a random eff ect indicated that abundance was signifi -

cantly greater during the wet season (p<0.0001) and at 
sites in Kampong Thom Province (p<0.0001), suggesting 
seasonal and large scale geographical variations. Because 
we could not sample all sites simultaneously, however, 
the timing of sampling may have confounded our 

Table 1 Species captured by site and season in Kampong Thom Province and Mondulkiri Province, 2015–2016.

Species Season
Mondulkiri Kampong Thom

Total per 
season

Total 
both 

seasonsOrona Pouy Doem 
Svay Ochra Sro Lov 

Sroung
Rom 
Chek

Mus cervicolor 
(Hodgson, 1845)

Wet 50 45 35 61 64 255
317

Dry 5 14 1 36 6 62
Rattus tanezumi a

(Temminck, 1844)
Wet 14 14 3 23 12 66

84
Dry 1 3 3 3 8 18

Maxomys surifer 
(Miller, 1900)

Wet 8 1 12 6 22 49
74

Dry 4 5 3 3 10 25
Tupaia belangeri b 
(Wagner, 1841)

Wet - - - - 7 7
16

Dry 1 - - 3 5 9
Niviventer fulvescens
(Gray, 1867)

Wet - 1 - - 4 5
7

Dry 1 - - 1 - 2
Mus caroli
(Bonhote, 1902)

Wet - - - - 5 5
5

Dry - - - - - -
Berylmys berdmorei
(Blyth, 1851)

Wet - 1 - 1 - 2
5

Dry - 2 - - 1 3
Rattus exulans
(Peale, 1848)

Wet - 3 - 1 - 4
4

Dry - - - - - -
Vandeleuria oleracea
(Bennett, 1832)

Wet - - - - - -
3

Dry - - - 3 - 3
Chiropodomys gliroides
(Blyth, 1856)

Wet - - - - - -
1

Dry - - - - 1 1
Leopoldamys sabanus
(Thomas, 1887)

Wet - - - - - -
1

Dry 1 - - - - 1
Rattus losea
(Swinhoe, 1870)

Wet - - - 1 - 1
1

Dry - - - - - -
Rattus andamanenis
(Blyth, 1860)

Wet 1 - - - - 1
1

Dry - - - - - -

Total captures
Wet 73 65 50 93 114 395

519
Dry 13 24 7 49 31 124

Total rodent species b
Wet 4 5 3 6 5 9

12
Dry 5 4 3 5 5 8

Chao’s estimate of 
rodent species richness b

Wet 4 6 3 9 5 12
14 c

Dry 8 4 3 5 6 10
a Sensu Aplin et al. (2011): Ratt us clade R3. b Tupaia belangeri is excluded here as it belongs to the Scandentia order (and therefore is not a rodent). 
c Estimated by the bootstrap method.
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geographical analysis. Aside from the three dominant 
species which were recorded at all sites in both seasons, 
the remaining species were only captured at a few sites. 

 Ivanova et al. (2012) did not observe seasonal variation 
in rodent abundance in their surveys in Cambodia, but 
direct comparison of results is diffi  cult due to the greater 
variety of landscapes and inclusion of village-based 
rodent captures (with traps provided to villagers) in their 
study. Climatic variations, and in particular the El Niño 
Southern Oscillation (ENSO), are known to infl uence 
rodent abundance and may have infl uenced our fi ndings 
as well as those of previous studies (Ivanova et al., 2012). 

The overall species richness of our study (12 Rodentia, 
1 Scandantia) is similar to the results of Ivanova et al., 
(2012), who also found M. surifer and Ratt us spp. were the 
most dominant species. Unlike other studies in Southeast 
Asia (Herbreteau et al., 2012; Ivanova et al., 2012; Cosson 
et al., 2014) however, we did not capture any Bandicota 
spp.

 The Asian black rat has a complex evolutionary 
history which is illustrated by phylogenetic analyses of 
mitochondrial and nuclear DNA that are incongruent 
(Aplin et al., 2011; Pagès et al., 2013; Blasdell et al., 2015). 
To assess lineages of R. tanezumi, R. sakeratensis and the 

Fig. 2 Relative abundance of rodent species in fi ve sites during A) 2015 wet season (n=395) and B) 2016 dry season (n=124).

Fig. 3 Rarefaction curves for species richness at fi ve study sites during the A) 2015 wet season and B) 2016 dry season. Site 
numbers: 1) Orona; 2) Pouy Doem Svay; 3) Sro Lov Sroung; 4) Ochra; 5) Rom Chek.

A B

A B
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putative Ratt us taxon known as “R3”, previous studies 
used diverse genetic markers: two mtDNA genes, one 
nuclear gene and eight microsatellite loci refl ecting 
diff erent rates of evolution and parental inheritance. 
Pagès et al. (2013) found that Ratt us sp. R3 was more 
closely related to R. tanezumi on the basis of its nuclear 
genome (and morphological data) but more closely 
related to R. sakeratensis according to its mitochondrial 
genome. This was explained by geographical struc-
turing or possible hybridisation with introgression from 
a species yet to be identifi ed (Pagès et al., 2013; Blasdell 
et al., 2015). Most of the R. tanezumi specimens sampled 
during our study clustered with the Ratt us sp. R3 clade 
(sensu Aplin et al., 2011). Growing collections of genetic 
material for Ratt us from Cambodia and other parts 
of Southeast Asia provide opportunities to clarify the 
taxonomy of the Ratt us genus.

 Two species (Chiropodomys gliroides and Vandeleuria 
oleracea) that we captured in Kampong Thom Province are 
rarely recorded in Cambodia in recent studies (Ivanova et 
al., 2012; Cosson et al., 2014). The locations of our records 
lie outside of the geographic ranges provided by IUCN 
(Lunde et al., 2016; Aplin & Molur, 2017; Fig. 1) and thus 
represent range extensions. Each individual of these 
species was identifi ed morphologically (Table 2) because 
DNA barcode reference sequences are not available for 
V. oleracea and the barcoding approach identifi ed our C. 
gliroides as M. cervicolor. Our data will be integrated to the 
CERoPath database to improve existing DNA barcoding 
eff orts for rodents in Southeast Asia.

 In conclusion, our study highlights that rodent popu-
lations at our study sites were more abundant during the 
wet season and dominated by three species (M. cervicolor, 
R. tanezumi and M. surifer). This structure and dynamic 
could have signifi cant consequences for the transmis-

sion of important pathogens hosted by rodents, such 
as Leptospira, Orientia, Rickett sia, hantaviruses and other 
emerging pathogens (Luis et al., 2013; Morand et al., 
2015). Future work will focus on the dynamics of such 
pathogens in rodent communities and the eff ects of land-
use change at smaller spatial scales.
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