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Abstract: Considering climate change and high popula-
tion increase, the conversion of natural habitats into
arable land is rising at an alarming rate in the Ethiopian
highlands. The impact on the diversity of rodents and
shrews is difficult to measure since historical data are often
unavailable. However, the relative effects of such land-use
changes could be contemplated by comparing with data
from similar natural habitats in adjacent areas. Between
October to November 2018, we randomly setup 20 infrared
camera traps in wheat fields located near Mount Guna at
about 3350 m elevation, as part of a large research project
investigating the efficacy of rodent repellent botanicals.
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We recorded six rodent species (Arvicanthis abyssinicus,
Dendromus lovati, Dendromus mystacalis, Hystrix cristata,
Mus mahomet and Stenocephalemys albipes) and two shrew
species (Crocidura cf. baileyi and Crocidura olivieri).
A. abyssinicus, H. cristata and S. albipes are known to
occur in agricultural fields. D. lovati was recorded from
anthropogenic habitat for the first time in this study. The
species has been described as rare or difficult to capture
with conventional traps. We call for rigorous biodiversity
studies and conservation measures in agroecosystems
in the Ethiopian highlands to avert further losses in
biodiversity and ecosystem services.

Keywords: camera trap; Ethiopia; Mount Guna; pest;
rodents; shrew.

1 Introduction

Infrared digital camera traps are widely used to investigate
mammalian diversity in natural and anthropogenic habi-
tats and can be particularly effective at capturing rare and
elusive species which may otherwise be missed or under-
detected by conventional trapping methods (De Bondiet
et al. 2010; Dundas et al. 2019). Furthermore, a growing
body of literature indicates that camera traps are more
effective than conventional traps in detecting even com-
mon, but trap-shy (or trap-adverse) species with low
impact on both target and non-target species (De Bondiet
et al. 2010; Rendall et al. 2014). Still, the most commonly
employed methods to survey the occurrence and demog-
raphy of non-volant small mammals (e.g., rodents and
shrews) involve the capture of individuals by conventional
live traps (Gray et al. 2017).

For most of Ethiopia, the diversity of pest rodents and
their impact on agriculture is documented in isolated
accounts. Of the 104 species of rodents recorded for the
country (Bryja et al. 2019b), about a dozen are believed to
be agricultural pests. The most common pest rodents with
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widespread distributions in Ethiopian highland agro-
ecosystems belong to three genera: the African Grass Rat
(Arvicanthis), Ethiopian White-footed Rat (Stenocephalemys)
and Multimammate Mouse (Mastomys) (Meheretu et al.
2015; Meheretu and Leirs 2019; Welegerima et al. 2020).
Unfortunately, except for the Tigray Region (e.g., Meheretu
et al. 2014, 2015), reliable long-term data on rodents in
agroecosystems is unavailable for most of the Ethiopian
highlands, including the Amhara Region where this study
was conducted. The Amhara Region is the second largest
region in Ethiopia with a predominantly rainfed agrarian
population of about 22 million inhabitants. Ethiopia is an
agrarian economy and poor knowledge and investment in
crop protection is a major impediment to the development of
robust pest rodent management and surveillance systems
(see e.g., Hengsdijk and de Boer 2017). In the light of
the absence of baseline information on pest rodents in the
Ambhara Region, this study aims to provide an insight into
the local pest species occurring in agroecosystems in
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Ethiopian highlands using camera traps. Such information
is vital for agricultural pest control experts for further
in-depth studies, ultimately leading to the development of
proactive, sustainable management techniques.

2 Materials and methods

This study was part of a larger research initiative investigating the
efficacy of rodent repellent botanicals and their acceptance by farmers
in rural Ethiopia. We conducted this study in the agrarian village of
Mowecha near Mount Guna, located in Farta Woreda, Amhara region,
Ethiopia (Figure 1). Here we deployed a total of 20 motion detector
infrared camera traps spaced 10 m apart in the surrounding wheat
fields. Specific placement of camera traps was based on investigator
discretion, influenced primarily by microhabitat features and suitable
areas. The centre point of the collective fields is located at approxi-
mately 11.743546°N and 38.172789°E at an elevation of 3352 m above
sea level (a.s.l.). The fields were selected upon the recommendation of
local pest control experts for a high incidence of rodent infestation
and crop loss. The cameras were mounted on poles at a height of

—Guna
2 —Semien
— Abohoye Ga
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Figure 1: (A) Map of Eastern Africa, red frame is zoomed on the right panel. (B) Distribution of Dendromus lovati (circles) in the Ethiopian
highlands. Yellow circle indicates the locality on Mt. Guna, explored in this study. Red circles show localities of genotyped specimens (Bryja
etal. 2019a; Kostin et al. 2020), smaller black circles show localities from GBIF database (see Bryja et al. 2019a) and those reported by Yalden
et al. (1976). Note that the population on Mt. Choqa, separated by the Blue Nile valley, are genetically very distinct and might represent a
separate species (Kostin et al. 2020). Red dashed lines delimit the predicted distribution of the species according to the IUCN red list
(Lavrenchenko 2016b). The numbers mark the most important mountain ranges mentioned in the text (the legend is in the right upper corner).

The Amhara regional state is shown by the green background.
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Figure 2: (a, b) A set-up of camera trap (right) and a glimpse of the agroecosystem in Mowecha village, Farta Wereda, in the Amhara region of
Ethiopia. We cleared approximately one square meter of the crop at each camera location to reduce the risk of camera triggers caused by

moving vegetation.

about 40-50 cm from the ground (Figure 2). Camera traps were
operational for a near 16 h period each for a total of 42 experimental
days between October to November 2018 (within the dry season). The
cameras time delay setting was set at 10 s to minimize the risk of
missing animals between captures. The same camera locations were
generally maintained throughout the study and each camera was
checked on a daily basis. Images were recovered from individually
labelled memory cards installed on each camera and stored on the
computer in separate files named after the label number of the memory
cards.

Mowcha village is situated along a steep slope leading to Mount
Guna which rises to an elevation of 4120 m a.s.l. at its summit
(11.705985°N, 38.237103°E; Figure 1). Rainfall in the area is unimodal
and the main wet season runs from March to September (Yenealem
2019). The wettest month is June with mean monthly maximum
rainfall of 346 mm while the driest month is January with mean
monthly maximum rainfall of 9 mm. The hottest month is March with
mean monthly maximum temperature of 25 °C while the coldest month
is December with mean monthly minimum temperature of 8 °C.
Livelihood here depends on small-scale agriculture and the main
crops grown are barley (Hodeum vulgare), wheat (Triticum spp.),
potato (Solanum tuberosum) and different types of beans. The crops
are sown shortly after a few rains early in the main wet season and
harvested around November.

About 500 images of rodents and shrews were obtained from the
camera traps. We first analysed all images taken by each camera each
day, disregarding incomplete, unclear and blank images, as well as
those belonging to other animals (e.g., insects, toads), and keeping
only those images with complete views of the animals. In the last
round, we considered three to four images per species with good
resolution showing morphological features such as body size, shape
and size of the snout, relative tail and body length and fur colour,
which are useful to unambiguously discriminate species. We also

supplemented the identification with our prior knowledge of trapping
in similar habitats.

3 Results and discussion
3.1 Camera captured species

The cameras provided images of six rodent species
(Arvicanthis abyssinicus, Dendromus lovati, Dendromus
mystacalis, Hystrix cristata, Mus mahomet and Sten-
ocephalemys albipes) and two shrew species (Crocidura cf.
baileyi and Crocidura olivieri) (Figure 3). Three of the rodent
species (A. abyssinicus, H. cristata and S. albipes) are
known from agricultural fields (Lavrenchenko 2016a;
Shenkute et al. 2006; Tamrat et al. 2020; Welegerima et al.
2020). Interestingly, D. lovati, which is easily distinguish-
able by its fur colouration, was detected in agricultural
fields for the first time. Previously, it was only known from
natural habitats, with a localized distribution on the
highest mountains of Ethiopia, and for being particularly
difficult to capture using conventional trapping methods
(Bryja et al. 2019b; Craig et al. 2020).

A review of the literature on evidence of rodents and
shrews occurring at Mount Guna and ecologically similar
adjacent high mountains (Simien Mountains, Choke (or
Choga) and Abohoy Gara) at comparable elevations, but in
natural habitats, yielded a list of 13 rodent and five shrew
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Figure 3: Rodents and shrews caught with camera traps in
agricultural fields in Mowecha village, Amhara region in Ethiopia. (A)
Arvicanthis abyssinicus [(A1) daytime (15:34 h), (A2) dusk (05:19 h)].
(B) Dendromus lovati. (C) Mus mahomet (D) Dendromus mystacalis.
(E1) Crocidura cf. baileyi. (E2) Crocidura olivieri. (F)
Stenocephalemys albipes. (G) Hystrix cristata.

species that could potentially be shared among them (Ta-
ble 1) (see e.g., Bryja et al. 2019b; Bulatova and Lav-
renchenko 2005; Craig et al. 2020; Kostin et al. 2020;
Lavrenchenko and Bekele 2017). With the exception of
African Giant Shrew, C. olivieri, the rodents and shrews
recorded in this study are indeed a subset of those recorded
on the adjacent mountains.

3.2 Brief species distribution and ecological
account

3.2.1 Abyssinian grass rat (A. abyssinicus, Riippell
1842)

A. abyssinicus was the rodent species most frequently
caught by the camera traps. All captures were during the
day, with one exception where it was captured at 5:19 a.m
(Figure 3A1, A2), suggesting that the species is predomi-
nantly diurnal. A recent taxonomic revision of the genus
using genetic markers revealed that the species represents
the grass rat occupying the highest elevations in five
mountain blocks west of the GRV, namely Guna, Choke,
Abohoye Gara, Simien Mountains and Borena Saynt
National Park (see Figure 1 for the geographic location of
these mountains adjacent to Mount Guna) (Bryja et al.
2019a, b). Its geographic range extends to neighbouring
Eritrean Highlands (Lavrenchenko 2016a), but genetic data
for these populations are not available. Although it is
predominantly a grassy Afroalpine meadow and heath
species that lives between 3600 and 4000 m a.s.l. (Craig
et al. 2020), the species is no stranger to anthropogenic
habitats, including farmlands (Lavrenchenko 2016a;
Shenkute et al. 2006). A. abyssinicus contributes to a
significant portion of the diet of the Ethiopian wolf (Canis
simensis) where the two species co-occur in Abohoye Gara,
Simien Mountains and Borena Saynt National Park at this
elevation (Atickem et al. 2017; Gutema et al. 2019; Yihune
and Bekele 2014; our unpublished data). Unfortunately,
the Ethiopian wolf population at Mount Guna has become
locally extinct since 2010 due to habitat loss and frag-
mentation (Gottelli et al. 2013).

3.2.2 Lovat’s climbing mouse (D. lovati, de Winton 1900)

D. lovati was captured on cameras only a handful of times
(Figure 3B), and only at night, suggesting that the species is
predominantly nocturnal. Its occurrence in farmland was
unexpected, as there are no previous records associating
the species with anthropogenic habitats (Lavrenchenko
2016b). D. lovati is easily recognized by its characteristic
three dark stripes across its back and rump, while all other
Ethiopian Dendromus taxa have at most one stripe (Bryja
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et al. 2019b). It occurs in grasslands in Afromontane
forests, ericaceous heaths and Afroalpine meadows (Craig
et al. 2020) on both sides of the Rift Valley between 2500
and 3550 m a.s.l. (Yalden et al. 1976, 1996), but Craig et al.
(2020) extended its highest altitudinal distribution to
4000 m a.s.l by sampling several individuals of the species
in the Simien Mountains north of our study area (Figure 1).
The species has been described as very rare with localized
distributions in natural habitats on only the highest
mountains of Ethiopia and is particularly difficult to
capture using conventional trapping methods (see e.g.,
Dieterlen 2009). The majority (12 of 17, i.e., 71%) of the
individuals of D. lovati sampled by Craig et al. (2020) came
from pitfall traps. Craig et al. (2020) therefore argue that the
supposed rarity of the species in previous sampling within
its range may be due to this sampling bias.

3.2.3 Chestnut climbing mouse (Dendromus mystacalis,
Heuglin 1863)

Until recently D. mystacalis was thought to have a disjunct
distribution in Eastern and Southern Africa (e.g., Child and
Monadjem 2016; Wilson et al. 2017). However, a recent
systematic assessment of the genus based on genetic data
confirmed Dieterlen’s (2009) claim that the species is
endemic to Ethiopia (Bryja et al. 2019b; Voelker et al. 2021).
Compared to D. lovati, the species is widespread in Ethiopia
and occurs on both sides of the GRV, typically between
2000 and 3000 m a.s.l. (although populations east of the
GRV have not yet been genetically confirmed; Bryja et al.
2019b). We camera trapped this single-striped species
(Figure 3D) in the same farmland as D. lovati, suggesting
that the species co-occur at some elevations, as they did in
the Afromontane forest/ericaceous heathland belt in the
Simien Mountains between 2900 and 3300 m a.s.l. (Craig
et al. 2020). Furthermore, as with D. lovati, all images of
D. mystacalis were captured during the night, suggesting
that both species were active at the same time. Note that we
do not rule out possible misidentification of the species
with D. sp. indet. 1 (sensu Voelker et al. 2021) which is also a
single-striped Afromontane species (Bryja et al. 2019b).

3.2.4 Mahomet pygmy mouse (Mus mahomet, Rhoads
1896)

Eight species of the African pygmy mice of the subgenus
Nannomys occur in Ethiopia, six of which are endemic to
the country (Bryja et al. 2014). Among them, the most
abundant and widespread across the Ethiopian highlands
is M. mahomet (Bryja et al. 2014, 2019Db). It can be relatively
easily recognized by its whitish belly separated from the
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greyish upper part by a narrow orange band (Figure 3C).
The species occurs in montane forests, scrublands and
grasslands on either side of the GRV, between 1500 and
3400 m a.s.l. It can easily adapt to grasslands that have
recently been cleared for agriculture (Lavrenchenko
2016c¢).

3.2.5 White-footed Ethiopian rat (S. albipes, Riippel
1842)

S. albipes was the second most captured species by camera
traps during the study, and only at night, suggesting that
the species is predominantly nocturnal (Figure 3F). It is
widespread on both sides of the GRV from 800 to 3300 m
a.s.l. (Bryja et al. 2018) and may co-occur with its congener
Stenocephalemys zimai on Mount Guna (Mizerovska et al.
2020). We cannot rule out a possible misidentification of
the two species, however, the two can easily be differen-
tiated based on their relative tail length proportions, which
is always higher in S. albipes (tail length ca. 125% of head
and body length in S. albipes compared to just 83% in
S. zimai; Mizerovska et al. 2020). S. albipes inhabits primary
montane forest and forest patches, but it can also occur
in mosaic habitats including bushlands and shrublands
in Ethiopian highlands, especially in their northern part
(Welegerima et al. 2020). A growing number of recent
studies have shown that the species is thriving undoubtedly
in agricultural fields (Meheretu and Leirs 2019; Welegerima
et al. 2020) and peri-domestic areas (Meheretu et al. 2012,
2013). The species accounted for 65% (151/230) of pest
rodent species trapped from wheat and barley fields in
northern Ethiopia from 2000 to 2400 m a.s.l (Welegerima
et al. 2020). Both S. albipes and S. zimai are known hosts
of the Tigray orthohantavirus (TIGV) as detected from
populations in natural habitats in the Simien Mountains
(Meheretu et al. 2019). Orthohantaviruses are emerging
zoonotic negative-sense RNA viruses belonging to the
family Hantaviridae, order Bunyavirales (see Noack et al.
2020). TIGV was first discovered in 2012 in the neighbouring
Tigray Region from synanthropic S. albipes trapped from
2600 to 2700 m a.s. (Meheretu et al. 2012). Recently,
orthohantavirus-reactive IgG antibodies have been detected
in humans (seroprevalence = 5.26%) and S. albipes
(seroprevalence = 8.69%) in the same villages where the
virus was first detected (Meheretu et al. 2021). The wide-
spread occurrence of S. albipes in anthropogenic habitats in
the Ethiopian highlands, therefore, remains a potential
public health concern. Note that the pathogenicity of the
virus to humans has yet to be established, an interesting
area for future research.
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3.2.6 Crested porcupine (H. cristata, Linnaeus 1758)

H. cristata is a large rodent with a body mass reaching up to
17 kg (Mori and Lovari 2014). Recent studies indicate that
the species is in threat of extinction throughout most of its
sub-Saharan African range (Viviano et al. 2020). While the
main threats are hunting for bushmeat and traditional
medicine practices, the species is also subject to persecu-
tion as it is widely reported to be a crop pest (Viviano et al.
2020). Likewise, it has been reported as being a crop pest in
Ethiopia (Alemayehu and Tekalign 2020; Datiko et al. 2007;
Tamrat et al. 2020).

H. cristata was captured by a camera trap only at one
night (Figure 3G) in the crop fields. Note that the camera did
not capture the full view of the species likely because the
camera position was set to capture rodents with smaller
size than this species. Little is known about the ecology
and distribution of the species in Ethiopia despite its
occurrence across most of the country at a wider range of
elevations; exceptions include the arid regions of Afar and
Somali, northeast and southeast of the country respec-
tively (Amori et al. 2016).

3.2.7 Bailey’s shrew (Crocidura cf. baileyi, 0sgood 1936)

Crocidura baileyi is a medium-sized shrew with a distinc-
tively bicoloured pelage and tail, reddish-brown dorsally
contrasting with white beneath (Yalden et al. 1976; 1996).
The species can be differentiated by its distinct white belly
which is evident in Figure 3E1. It prefers a humid locality
with tall grasses in Afroalpine moorland and humid
heather forest distributed west of the GRV between 2700
and 3300 m a.s.l. (Craig et al. 2020; Lavrenchenko et al.
2016).

3.2.8 The African Giant Shrew (C. olivieri, Lesson 1827)

C. olivieri is easily recognizable by its relative size
compared to other shrews in Ethiopia. It is the largest
shrew species in Africa with a body mass of up to 65 gand a
body length reaching up to 240 mm, including the tail
which is about 80% of the body length (Churchfield and
Hutterer 2013). Besides, it is one of the most common and
abundant insectivorous small terrestrial mammals in sub-
Saharan Africa where it occurs in many habitats, including
agricultural fields and domestic/peri-domestic habitats up
to 2680 m a.s.l. Our record from Mowcha village probably
indicates its highest elevational limit (Figure 3E2). It is not
the first time that the species has been recorded in
anthropogenic habitats in Ethiopian highlands, including
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crop fields and peri-domestic habitats (see Meheretu et al.
2012, 2013). The most recent report on the diversity of
Ethiopian shrews by Kone¢ny et al. (2020) has elevated the
country’s species list to 31 (29 Crocidura and two Suncus
species) with 13 of the Crocidura species endemic to the
country.

4 Conclusions

This brief study has undoubtedly demonstrated the ability
of camera traps to rapidly document rodent and shrew
communities in agroecosystems. In doing so, it also
provides insight into the community of pest rodents that
pest management professionals should expect to find in
farmlands in the Ethiopian highlands at a given elevation.
A priori baseline information is important to enabling rapid
intervention should a significant pest infestation occur in
the future, or a rodent-associated zoonosis flare-up in the
region. Nevertheless, we believe that this study has only
covered a fraction (even if significant) of the rodents and
insectivores present in the agroecosystem. Therefore,
detailed studies that spatially focus on different cropping
patterns and patchy vegetation and temporally encompass
both the wet and dry seasons are needed to gain better
insight into the diversity, demography and habitat use of
small mammals.

Research ethics: Permission to conduct the research was
obtained from the Amhara Bureau of Agriculture, Bahir
Dar, Ethiopia. Verbal consent was obtained from the
farmers who volunteer their farms to deploy the camera
traps.

Acknowledgments: The authors would like to thank all the
farmers who made their fields available for the research
and the authorities in Mowecha village and Guna Bege-
midir Office of Agriculture for granting permission for the
research. Mulat Sendek and Adbaru Asrade provided
valuable support during the fieldwork.

Author contributions: YM, GE, LB, FvS conceived the study
and obtained funding; YM, TT, GE, LB organized/did the
fieldwork; YM, GM, JB performed species identification;
YM, EC, JB wrote the first draft of the manuscript that was
complemented by all authors. All authors also approved
the final version of the manuscript.

Research funding: Funding for this research was obtained
from the Netherlands Enterprise Agency (RVO).

Conflict of interest statement: The authors declare no
conflicts of interest regarding this article.



8 —— Y. Meheretu et al.: Small mammals of Mount Guna using camera trap

References

Alemayehu, N. and Tekalign, W. (2020). Prevalence of crop damage
and crop-raiding animals in southern Ethiopia: the resolution of
the conflict with the farmers. Geo )., https://doi.org/10.1007/
510708-020-10287-0.

Amori, G. and De Smet, K. (2016). Hystrix cristata. The IUCN red list of
threatened species 2016: e.T10746A22232484, Available at:
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.
T10746A22232484.en. (Accessed 29 April 2021).

Atickem, A., Simeneh, G., Bekele, A., Mekonnen, T., Sillero-Zubiri, C.,
Hill, R.A., and Stenseth, N.C. (2017). African wolf diet, predation
on livestock and conflict in the Guassa mountains of Ethiopia.
Afr. ). Ecol. 55: 632-639.

Bannikova, A.A., Zemlemerova, E.D., Lebedev, V.S., and
Lavrenchenko, L.A. (2021). The phylogenetic relationships within
the Eastern Afromontane clade of Crocidura based on
mitochondrial and nuclear data. Mamm. Biol. 101: 1005-1018.

Bryja, J., Mikula, O., Sumbera, R., Meheretu, Y., Aghova, T.,
Lavrenchenko, L.A., Mazoch, V., Oguge, N., Mbau, J.S., Kiros, W.,
etal (2014). Pan-African phylogeny of Mus (subgenus Nannomys)
reveals one of the most successful mammal radiations in Africa.
BMC Evol. Biol. 14: 256.

Bryja, J., Kostin, D., Meheretu, Y., Sumbera, R., Bryjova, A., Kasso, M.,
Mikula, O., and Lavrenchenko, L.A. (2018). Reticulate Pleistocene
evolution of Ethiopian rodent genus along remarkable altitudinal
gradient. Mol. Phylogenet. Evol. 118: 75-87.

Bryja, J., Colangelo, P., Lavrenchenko, L.A., Meheretu, Y., Sumbera, R.,
Bryjova, A., Verheyen, E., Leirs, H., and Castiglia, R. (2019a).
Diversity and evolution of African grass rats (Muridae:
Arvicanthis) - from radiation in East Africa to repeated
colonization of northwestern and southeastern savannas. ). Zool.
Syst. Evol. Res. 57: 970-988.

Bryja, J., Meheretu, Y., Sumbera, R., and Lavrenchenko, L.A. (2019b).
Annotated checklist, taxonomy and distribution of rodents in
Ethiopia. Folia Zoologica 68: 117-213.

Bulatova, L.A. and Lavrenchenko, L. (2005). Possible karyological
affinities of small mammals from North of the Ethiopian Plateau.
In: Huber, B.A., Sinclair, B.J., and Lampe, K.-H. (Eds.), African
biodiversity: molecules, organisms, ecosystems. New York:
Springer, pp. 315-319.

Child, M.F. and Monadjem, A. (2016). Dendromus mystacalis, (errata
version published in 2017), The IUCN Red List of Threatened
Species 2016: e.T6446A115081411, Available at: https://doi.org/
10.2305/IUCN.UK.2016-3.RLTS.T6446A22234993.en. (Accessed
28 April 2021).

Churchfield, S. and Hutterer, R. (2013). Crocidura olivieri, African giant
shrew. In: Happold, M., and Happold, D.C.D. (Eds.), Mammals of
Africa, Volume IV: hedgehogs, shews and bats. London:
Bloomsbury Publishing, pp. 118-119.

Craig, E.W., Stanley, W.T., Kerbis-Peterhans, J.C., Bryja, J., and
Meheretu, Y. (2020). Small terrestrial mammal distributions in
Simien Mountains National Park, Ethiopia: a reassessment after
88 years. ). Mammal. 101: 634-647.

Datiko, D., Bekele, A., and Belay, G. (2007). Feeding ecology of pest
rodents from Arbaminch forest and farmlands, Ethiopia. Sinet
30: 127-134.

De Bondi, N., White, J.G., Stevens, M., and Cooke, R. (2010). A
comparison of the effectiveness of camera trapping and live

DE GRUYTER

trapping for sampling terrestrial small-mammal communities.
Wildl. Res. 37: 456-465.

Dieterlen, F. (2009). Climbing mice of the genus Dendromus
(Nesomyidae, Dendromurinae) in Sudan and Ethiopia, with the
description of a new species. Bonn Zool Bull 56: 185-200.

Dundas, S.)., Ruthrof, K.X., Hardy, G.E.S.)., and Fleming, P.A. (2019).
Pits or pictures: a comparative study of camera traps and pitfall
trapping to survey small mammals and reptiles. Wildl. Res. 46:
104-113.

Gottelli, D., Sillero-Zubiri, C., Marino, J., Funk, S.M., and Wang, J.
(2013). Genetic structure and patterns of gene flow among
populations of the endangered Ethiopian wolf. Anim. Conserv.
16: 234-247.

Gray, E.L., Dennis, T.E., and Baker, A.M. (2017). Can remote infrared
cameras be used to differentiate small, sympatric mammal
species? A case study of the black-tailed dusky antechinus,
Antechinus arktos and co-occurring small mammals in southeast
Queensland, Australia. PLoS One 12: e0181592.

Gutema, T.M., Atickem, A., Tsegaye, D., Bekele, A., Sillero-Zubiri, C.,
Marino, J., Kasso, M., Venkataraman, V.V., Fashing, P.)., and
Stenseth, N.C. (2019). Foraging ecology of African wolves
(Canis lupaster) and its implications for the conservation of
Ethiopian wolves (Canis simensis). R. Soc. Open Sci. 6:
190772.

Hengsdijk, H. and de Boer, W.J. (2017). Post-harvest management and
post-harvest losses of cereals in Ethiopia. Food Secur. 9:
945-958.

Konecny, A., Hutterer, R., Meheretu, Y., and Bryja, J. (2020). Two new
species of Crocidura (Mammalia: Soricidae) from Ethiopia and
updates on the Ethiopian shrew fauna. J. Vertebr. Biol. 69:
20064.

Kostin, D.S., Martynov, A.A., Komarova, V.A., Alexandrov, D.Y.,
Yihune, M., Kasso, M., Bryja, ., and Lavrenchenko, L.A. (2020).
Rodents of Choke Mountain and surrounding areas (Ethiopia):
the Blue Nile gorge as a strong biogeographic barrier. ). Vertebr.
Biol. 69: 20016.

Lavrenchenko, L. (2016a). Arvicanthis abyssinicus. The IUCN Red List
of Threatened Species 2016: e.T2144A22460675, Available at:
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.
T2144A22460675.en. (Accessed 15 July 2021).

Lavrenchenko, L. (2016b). Dendromus lovati. The IUCN Red List of
Threatened Species 2016: e.T6442A22235513, Available at:
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.
T6442A22235513.en. (Accessed 24 April 2021).

Lavrenchenko, L. (2016c). Mus mahomet. The IUCN Red List of
Threatened Species 2016: e.T13967A115117257, Available at:
https://doi.org/10.2305/IUCN.UK.2016-3.RLTS.
T13967A22404191.en. (Accessed 24 July 2021).

Lavrenchenko, L.A. and Bekele, A. (2017). Diversity and conservation
of Ethiopian mammals: what have we learned in 30 years?
Ethiop. J. Biol. Sci. 16: 1-20.

Lavrenchenko, L.A., Voyta, L.L., and Hutterer, R. (2016). Diversity of
shrews in Ethiopia, with the description of two new species of
Crocidura (Mammalia: Lipotyphla: Soricidae). Zootaxa 4196:
38-60.

Meheretu, Y. and Leirs, H. (2019). Raptor perch sites for biological
control of agricultural pest rodents. In: Nyssen, ., Jacob, M., and
Frankl, A. (Eds.), Geotrekking in Ethiopia’s tropical mountains:
the Dogu’a Tembien district. Switzerland: Springer Nature,
pp. 279-292.


https://doi.org/10.1007/s10708-020-10287-0
https://doi.org/10.1007/s10708-020-10287-0
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.T10746A22232484.en
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.T10746A22232484.en
https://doi.org/10.2305/IUCN.UK.2016-3.RLTS.T6446A22234993.en
https://doi.org/10.2305/IUCN.UK.2016-3.RLTS.T6446A22234993.en
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.T2144A22460675.en
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.T2144A22460675.en
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.T6442A22235513.en
https://doi.org/10.2305/IUCN.UK.2016-2.RLTS.T6442A22235513.en
https://doi.org/10.2305/IUCN.UK.2016-3.RLTS.T13967A22404191.en
https://doi.org/10.2305/IUCN.UK.2016-3.RLTS.T13967A22404191.en

DE GRUYTER

Meheretu, Y., Leirs, H., Welegerima, K., Breno, M., Tomas, Z., Kidane, D.,
Girmay, K., and Goily de Bellocg, J. (2013). Bartonella prevalence
and genetic diversity in small mammals from Ethiopia. Vector
Borne Zoonotic Dis. 13: 164-175.

Meheretu, Y., Sluydts, V., Welegerima, K., Bauer, H., Teferi, M., Yirga, G.,
Mulungu, L., Haile, M., Nyssen, )., Deckers, )., et al (2014). Rodent
abundance, stone bund density and its effects on crop damage in
the Tigray highlands, Ethiopia. Crop Protect. 55: 61-67.

Meheretu, Y., Welegerima, K., Sluydts, V., Bauer, H., Gebrehiwot, K.,
Deckers, J., Makundi, R., and Leirs, H. (2015). Reproduction and
survival of rodentsin crop fields: the effects of rainfall, crop stage
and stone-bund density. Wildl. Res. 42: 158-164.

Meheretu, Y., Cizkova, D., Tésikova, J., Welegerima, K., Tomas, Z.,
Kidane, D., Girmay, K., Schmidt-Chanasit, )., Bryja, J., Glinther, S.,
et al (2012). High diversity of RNA viruses in rodents, Ethiopia.
Emerg. Infect. Dis. 18: 2047-2050.

Meheretu, Y., Granberg, A., Berhane, G., Khalil, H., Lwande, O.W.,
Mitiku, M., Welegerima, K., de Bellocq, J.G., Bryja, )., Abreha, H.,
et al (2021). Prevalence of orthohantavirus-reactive antibodies in
humans and peri-domestic rodents in northern Ethiopia. Viruses
13: 1054.

Mizerovska, D., Mikula, O., Meheretu, Y., Bartakova, V., Bryjova, A.,
Kostin, D.S., Sumbera, R., Lavrenchenko, L.A., and Bryja, J.
(2020). Integrative taxonomic revision of the Ethiopian endemic
rodent genus Stenocephalemys (Muridae: Murinae: Praomyini)
with the description of two new species. J. Vertebr. Biol. 69:
20031.

Mori, E. and Lovari, S. (2014). Sexual size monomorphism in the
crested porcupine (Hystrix cristata). Mamm. Biol. 79: 157-160.

Noack, D., Goeijenbier, M., Reusken, C.B.E.M., Koopmans, M.P.G.,
and Rockx, B.H. (2020). Orthohantavirus pathogenesis and cell
tropism. Front Cell Infect Microbiol 10: 399.

Rendall, A.R., Sutherland, D.R., Cooke, R., and White, J. (2014).
Camera trapping: a contemporary approach to monitoring
invasive rodents in high conservation priority ecosystems. PLoS
One 9: e86592.

Shenkut, M., Mebrate, A., and Balakrishnan, M. (2006). Distribution
and abundance of rodents in farmlands: a case study in Alleltu
Woreda, Ethiopia. Sinet 29: 63-70.

Y. Meheretu et al.: Small mammals of Mount Guna using camera trap =—— 9

Tamrat, M., Atickem, A., Tsegaye, D., Nguyen, N., Bekele, A.,
Evangelista, P., Fashing, P.)., and Stenseth, N.C. (2020). Human-
wildlife conflict and coexistence: a case study from Senkele
Swayne’s Hartebeest Sanctuary in Ethiopia. Wildl. Biol. 2020:
wlb.00712.

Teme, A.K., Wale, M., Beyene, B., Assefa, A., and Tesfahunegny, W.
(2018). Assessment of the wildlife and ecosystem status of
Choke mountain, north western Ethiopia. Biol. Divers. Conserv.
11: 125-132.

Viviano, A., Amori, G., Luiselli, L., Oebel, H., Bahleman, F., and Mori, E.
(2020). Blessing the rains down in Africa: spatiotemporal
behaviour of the crested porcupine Hystrix cristata (Mammalia:
Rodentia) in the rainy and dry seasons, in the African savannah.
Trop. Zool. 33: 113-124.

Voelker, G., Huntley, ).W., Bryja, )., Denys, C., Sumbera, R., Demos, T.C.,
Lavrenchenko, L., Nicolas, V., Gnoske, T.P., and
Kerbis Peterhans, J.C. (2021). Molecular systematics and
biogeographic history of the African climbing-mouse complex
(Dendromus). Mol. Phylogenet. Evol. 161: 107166.

Welegerima, K., Meheretu, Y., Haileselassie, T.H., Gebre, B., Kidane, D.,
Massawe, A.W., Mbije, N.E., and Makund, R.H. (2020). Abundance
and microhabitat use of rodent species in crop fields and bushland
in Ethiopia. ). Vertebr. Biol. 69: 20054.

Wilson, D.E., Lacher, T.E., and Mittermeier, R.A. (2017), Handbook of
the mammals of the world, vol. 7: rodents Il. Barcelona: Lynx
Editions, p. 1008.

Yalden, D.W., Largen, M.J., and Kock, D. (1976). Catalogue of the
mammals of Ethiopia. Insectivora and Rodentia. Ital. J. Zool. 8:
1-118.

Yalden, D.W., Largen, M.)., Kock, D., and Hillman, J.C. (1996).
Catalogue of the mammals of Ethiopia and Eritrea. Revised
checklist, zoogeography and conservation. Trop. Zool. 9:
73-164.

Yenealem, A. (2019). Abundance and distribution, of small mammals.
In: Guna mountain community conservation area, south Gondar,
Ethiopia, M.Sc. Thesis. Ethiopia: Bahir Dar University.

Yihune, M. and Bekele, A. (2014). Feeding ecology of the Ethiopian
wolf in the simien mountains National Park, Ethiopia. Afr. ). Ecol.
52: 484-490.


https://www.researchgate.net/publication/358282562

	A snapshot of rodents and shrews of agroecosystems in Ethiopian highlands using camera traps
	1 Introduction
	2 Materials and methods
	3 Results and discussion
	3.1 Camera captured species
	3.2 Brief species distribution and ecological account
	3.2.1 Abyssinian grass rat (A. abyssinicus, Rüppell 1842)
	3.2.2 Lovat’s climbing mouse (D. lovati, de Winton 1900)
	3.2.3 Chestnut climbing mouse (Dendromus mystacalis, Heuglin 1863)
	3.2.4 Mahomet pygmy mouse (Mus mahomet, Rhoads 1896)
	3.2.5 White-footed Ethiopian rat (S. albipes, Rüppel 1842)
	3.2.6 Crested porcupine (H. cristata, Linnaeus 1758)
	3.2.7 Bailey’s shrew (Crocidura cf. baileyi, Osgood 1936)
	3.2.8 The African Giant Shrew (C. olivieri, Lesson 1827)


	4 Conclusions
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


