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Abstract

There is increased interest in replacing the use of rodenticides with ecologically based rodent management practices to con-
trol rodent pests in agricultural ecosystems. One of the suggested methods is biological control by natural predators such as
meso-carnivores and raptors. However, meso-carnivores and raptors, like other predators inhabiting agricultural ecosystems,
face many threats, including persecution and habitat loss. These threats influence the distribution, habitat use and ecosystem
service of meso-carnivores and raptors. Little is known about the extent to which meso-carnivores and raptors can regulate
rodent pest populations and thereby reduce damage to agricultural crops. The aim of this study was to assess the diversity
and abundance of small mammals (rodents and shrews) and their natural predators (meso-carnivores and raptors) in three
different habitats (maize fields, forest, and natural grassland). Our results show that habitat had a significant effect on the
intensity of use of a habitat by meso-carnivores and raptors, with their intensity of use generally highest in maize fields and
lowest in the natural habitat. Also, the higher the number of individuals of small mammals in the habitat, the higher the
intensity of use of a habitat by their natural predators. These results highlight the potential of meso-carnivores and raptors in
the regulation of rodent pests. We recommend conducting experiments to quantify the impact of meso-carnivores and rap-
tors on rodent pest populations. Evidence-based results on the predation services provided by meso-carnivores and raptors
in agricultural landscapes will be important in promoting the coexistence between people and meso-carnivores and raptors
and harness the full benefits of the potential ecosystem services that they provide.
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Highlights e Meso-carnivores provide ecosystem services to small-

holder farmers.

e The diversity and activity of meso-carnivores was exam-

ined across maize fields, forests and grasslands. Introduction
e Meso-carnivores are most active in maize fields where
presence correlates with small mammal populations. Agricultural intensification is among the main drivers of bio-
e Meso-carnivores could effectively limit rodent pest popu-  diversity loss globally (Drouilly et al. 2018; Lessard-Ther-
lations. rien et al. 2018), leading to a loss of species and ecosystem

services (Jew et al. 2016) and altering ecological interactions
(Soares et al. 2015). It has been argued that trophic cascades
in “meso-carnivore release” (Prugh et al. 2009) due to the
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s.rbelmain@gre.ac.uk systems could mean that there is increased predation pres-
sure on small mammals (Tambling et al. 2018). Despite evi-
dence that predation of rodents by meso-carnivores could
be an important ecosystem service to rural communities
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Williams et al. 2018), there is little known about the eco-
logical roles of meso-carnivores and how their fluctuations
in abundance influence animal communities and ecosys-
tems, particularly when residing near humans (Roemer
et al. 2009; Tambling et al. 2018). Similarly, the ecosystem
services provided by meso-carnivores in relation to rodent
pest management in agricultural ecosystems are underval-
ued (Williams et al. 2018) and are mostly cited in a nega-
tive context (Cirovic’ et al. 2016). However, Cirovi¢ et al.,
(2016) showed that golden jackals (Canis aureus), a meso-
carnivore, remove substantial numbers of potential rodent
pests from crops in human-dominated landscapes in Europe.
There is a need for more studies in sub-Saharan Africa on
the effect of habitat loss on community functioning by link-
ing the disappearance of non-crop habitats to the loss of
natural pest control in agricultural ecosystems. Understand-
ing the interactions of rodents and their natural predators
(meso-carnivores and raptors) in fragmented agricultural
ecosystems may improve the development and application of
potential ecologically based rodent management practices.
There is some evidence that agricultural expansion and
habitat fragmentation can lead to the risk and emergence
of zoonotic diseases in humans (Morand et al. 2019; Gibb
et al. 2020; Ratnadass and Deguine 2021) such as bubonic
plague, which has had historical outbreaks in Zambia (Wors-
fold 1955; Davis et al. 1960; McClean 1995; Sinyange et al.
2016), and more recently Lujo fever, which had a high case
fatality rate of 80% (Briese et al. 2009; Simulundu et al.
2016; Sewlall and Paweska 2017). Agricultural expansion
and habitat fragmentation may increase the intensity of inter-
specific interactions, which are very important in disease
transfer and zoonosis spill-over events because encroach-
ment by people into wildlife habitats may increase the expo-
sure of people to novel infectious agents from wild animals
(Jones et al. 2013; Wilkinson et al. 2018). For example, at
a global scale, several outbreaks of vector-borne diseases
were shown to be associated with changes in forest cover
and expansion of oil palm plantations (Morand and Lajaunie
2021). This is because agricultural expansion and habitat
encroachment mostly lead to new and intensive interac-
tions between humans, livestock, and wildlife reservoirs of
zoonotic diseases (Jones et al. 2013; Hassell et al. 2017,
Gibb et al. 2020). As such, understanding the diversity of
small mammals in different habitats can help to understand
how agricultural expansion and habitat fragmentation affect
ecological processes such as pest regulation and transmis-
sion of infectious pathogens (Johnson et al. 2015; Luis et al.
2018). Increased vegetation cover provides shelter, cover
from predators and a habitat for breeding. These small mam-
mal predators also have the potential to indirectly protect
humans from potential zoonotic diseases by reducing the
population size of rodent reservoirs (Ostfeld and Holt 2004;
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Pongsiri et al. 2009; Moore et al. 2010; Moll et al. 2020),
especially around homesteads.

Non-crop habitats in agricultural ecosystems promote
the presence of natural predators by providing nesting sites,
shelter, and food resources (Gurr et al. 2017). For example,
pollinators and natural enemy populations and predation ser-
vices are often associated with non-crop habitats (Arnold
et al. 2021). Similarly, Ochieng et al., (2022) showed that
the presence of field margin vegetation increases the num-
ber of beneficial insect populations around bean fields.
In general, non-crop habitats in agricultural ecosystems
provide habitat for soil organisms, small mammals, birds
and arthropods, which all potentially may provide positive
ecosystem services (Mkenda et al. 2019). The positive role
of other vertebrates in biological control of pest species in
agricultural systems also has been reported for bats (Kunz
et al. 2011; Puig-Montserrat et al. 2015), avian predators
(Paz et al. 2012; Labuschagne et al. 2016), and a combina-
tion of amphibians, bats, birds and native rodents (Propper
et al. 2024). Other studies have shown that the absence of
predators can lead to increased population density of prey
species. For example, Morris and Letnic (2017) found an
inverse relationship in the abundance of dingoes (preda-
tor) and Kangaroos (prey) in Australia, whereby Kangaroos
were more abundant where dingoes were rare and vice versa.
Similarly, red fox activity reduced rodent occurrence, and
cues of nearby red fox decreased the activity of rodents by
more than 50% in the Mill Stream Run Reservation, USA
(Moll et al. 2020).

This study aimed to assess the diversity and abundance
of small mammals (rodents and shrews) and their natural
predators (meso-carnivores and raptors) in agricultural
ecosystems. Based on the evidence that the presence and
abundance of mammals in an area are affected by the quality
of the habitat (Scott et al. 2008; Benedek and Sirbu 2018),
we tested the hypothesis that the diversity of small mam-
mals and their natural predators in maize fields is reduced
compared to natural habitats (natural grasslands and natural
forests) and that the abundance and intensity of use of a
habitat by small mammals and their natural predators are not
dependent on season and habitat. We also tested the hypoth-
esis that habitat use by natural predators will be influenced
by the abundance of small mammals, whereby the higher
the abundance of small mammals in a habitat, the higher the
intensity of habitat use by their natural predators.

Materials and methods
Study area

This study was conducted in Mwekera National Forest
Reserve of the Copperbelt Province of Zambia. Mwekera
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National Forest Reserve lies between 1249 and 1336'S and
2816-2842'E, and an elevation of 1292—1300 m above sea
level (Kalaba et al. 2013; Kapinga et al. 2018). The area
receives rainfall of between 1000 and 1200 mm per annum
(Chidumayo 1997). The continued demand for charcoal,
land for cultivation, wood fuel, timber for construction
and sand mining has reduced the extent of the forest from
an estimated 17,887 hectares in 1957 to less than 10,000
hectares in 2011 (Shitima 2005; ZEMA et al. 2012). The
study sites were selected using a stratified habitat-based
approach to ensure representation of the major habitat
types in the landscape, i.e. maize fields, forests, and grass-
lands. Within each habitat type, sampling locations were
chosen based on accessibility, permission from landown-
ers, and the presence of habitat patches large enough to
permit consistent camera trap deployment. The diversity
and abundance of small mammals and their natural preda-
tors were assessed in three different habitats (two maize
fields, two natural grasslands, and two natural forests)
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from April 2018 to August 2019 (Fig. 1). The study area
typically experiences three seasons, namely cold-dry (CD)
season (April-July), hot—dry (HD) season (August—Octo-
ber), and warm-wet (WW) season (November—March).
Ethical clearance to carry out the work was granted by
the University Research Ethics Committees of the Uni-
versity of Greenwich (UREC/17.2.5.13) and the Copper-
belt University. The research permit to conduct the study
was obtained from the Department of National Parks and
Wildlife, Zambia.

Experimental design

Small mammal diversity was assessed by removal trapping
using Sherman live-traps baited with a mixture of peanut
butter and maize bran. Three trap lines (20-25 m between
trap lines (Janova and Heroldova 2016)) were set at each
site. Each trap line was composed of 10 Sherman live-traps
spaced 10 m apart and was set for three consecutive days

Fig. 1 Location of the trapping sites in the Mwekera National Forest Reserve Kitwe, Zambia. An example of the overall sampling effort (camera
stations) in Forest 1 is indicated by yellow dots, with the same sampling effort in all locations
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(Benedek and Sirbu 2018). To increase the area covered and
reduce bias due to trap locations, traps were moved to new
locations during each trapping session. There were eight
trapping sessions per site. The captured animals were iden-
tified to species level, sexed, and weighed using a Pesola
Spring balance, and morphological measurements were
recorded (head and body, tail, hind foot, and ear lengths
following the methodology described by Aplin et al (2003))
and assessed for reproductive condition (Decher and Bahian
1999; Aplin et al. 2003). All the specimens were sacrificed
by placing them in a glass jar containing cotton wool mois-
tened with chloroform. All sacrificed specimens were pre-
served in 70% alcohol and then deposited at the Copper-
belt University laboratory, where the specimens were to be
used in other studies for molecular and dietary analyses.
Small mammals were sampled bimonthly (once every two
months) from April 2018 to June 2019. There were two trap-
ping sessions per season. Bimonthly sampling is important
in removal trapping because this allows captured individuals
to be replaced in the population through recruitment and
immigration (Janova and Heroldova 2016).

The diversity and activity of potential small mammal nat-
ural predators were estimated using Bushnell Trophy Cam
HD Essential camera traps (Version BSS97BWNx05212)
baited with beef bones. Pilot surveys with chicken legs,
pork legs and beef bones showed that beef bones attracted
more rodent predators. A meat bait in the current study was
important not only to lure small mammal predators (Rocha
et al. 2016) but also to give an account of small mammal
predators that could be at risk of secondary poisoning if
farmers continue to use rodenticides in maize fields. The
traps were only baited on the first day. Each habitat had 8
cameras, set 50 m apart, per session and left for three con-
secutive days (the same period when small mammals were
trapped). The camera traps were purposively set in locations
with a higher likelihood of detecting natural predators, such
as near shrubs, and along habitat edges. The camera traps
were set to record 24 h per day with a 30 s delay between
detections (Rich et al. 2017; Williams et al. 2018). The fol-
lowing parameters were set on the camera traps: take three
photographs (8 M pixel) per trigger, sensor level at auto,
night vision (NV) shutter at medium and time stamp on. To
increase the area covered and reduce bias due to trap loca-
tions, camera traps were moved to new locations during each
trapping session (Rovero et al. 2013; Glen et al. 2016). There
were 24 trap nights per habitat per trapping session. The
camera traps were deployed 20 cm above the ground on trees
(Meek et al. 2012; Ramesh and Downs 2015) to increase
detection rates of predators and enhance the quality of the
photographs. To avoid false triggers, vegetation in front of
the camera traps was cleared. The bait was placed 1.5 m in
front of the camera trap (Glen et al. 2016; Meek et al. 2012).
The number of independent events/photographs was used as
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an estimation of the intensity of use of a particular habitat by
rodent predators (Keim et al. 2019). An event/photographic
capture more than 30 min apart was regarded as independ-
ent, and therefore of a different individual (O’Brien et al.
2003). All camera trap data were sorted using methods pre-
viously established by Sanderson and Harris (2013).

The identification and taxonomy of small mammals and
their natural predators followed widely reported stand-
ards (Kingdon 1997; Wilson and Reeder 2005; Monadjem
et al. 2015). To minimise the influence of weather on the
bimonthly sampling, all three habitats were sampled within
the same week (Janova and Heroldova 2016).

Data analyses

The species richness for each habitat was established by

counting the number of species. The species diversities of

small mammals and their natural predators were calculated

using the Shannon diversity index (H') (Shannon and Weaver

1949), while the evenness was calculated using the Shannon

evenness index (J') using the formulae provided below;
Shannon diversity index formula:

H =- ZPiln ()
p

where
H'is Shannon diversity index
S is total number of species in the community
p; 1s proportion of individuals belonging to species i
In is natural logarithm
Shannon’s evenness formula:
y__H

“In(S)

where

J'is Shannon evenness

H'is Shannon diversity index

S is Total number of species in the community

In(S) is Maximum possible diversity

To assess the effect of habitat and season (and the interac-
tion between habitat and season) on the species richness and
abundance of small mammals and their natural predators, we
carried out generalised linear models with negative binomial
distribution for species richness and individual counts (we
independent events for natural predators) using the package
MASS (Brian et al. 2019) in R version 3.6.1 (R Core Team
2019). Tukey’s post hoc comparisons were conducted using
the packages “multcomp” (Hothorn et al. 2019) and “dae”
(Chris 2019) in R. Negative binomial transformation is rec-
ognised to be more appropriate for count data than other
transformations (O’Hara and Kotze 2010). Furthermore, we
tested the relationship between small mammal abundance
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Table 1 Species list of small mammals (rodents and shrews) captured, and their number of captures, across three habitats in the Mwekera

National Forest Reserve

Species

Common name

Scientific name

Abundance

Maize field

Grassland

Natural forest

CD HD WW Total

CD HD WW Total

CD HD WW Total

Natal multimammate mouse  Mastomys natalensis 51 94 4 149 16 10 10 36 1 4 1 6
Pouched mouse Saccostomus campestris 0 2 0 2 7 1 0 8 0 1 0 1
Round-eared elephant shrew  Elephantulus brachyrhynchus 2 0 0 2 0 1 0 1 0 2 0 2
Lesser red musk shrew Crocidura hirta 1 0 0 1 4 1 0 5 0 0 0 0
Fat mouse Steatomys prantensis 1 1 0 2 1 0 0 1 0 0 0 0
African pygmy mouse Mus minutoides 0 1 0 1 1 0 0 1 0 0 0 0
House rat Rattus rattus 0 0 0 0 1 0 0 1 1 0 0 1
African black shrew Crocidura. nigrofusca 0 0 0 0 1 3 0 4 0 0 0 0
Tiny fat mouse Steatomys parvus 0 0 0 0 10 12 2 24 0 0 0 0
Cane rat Thryonomys sp. 0 0 0 0 2 0 0 2 0 0 0 0
Brant’s climbing mouse Dendromus mesomelas 0 0 0 0 0 2 0 2 0 0 0 0
Bushveld gerbil Gerbilliscus leucogaster 0 0 0 0 0 0 1 1 0 0 0 0
African grass rat Arvicanthis niloticus 0 0 0 0 0 2 1 3 0 0 0 0
Spiny mouse Acomys spinosissimus 0 0 0 0 0 0 0 0 2 4 1 7
Rock rat Aethomys sp. 0 0 0 0 0 0 0 0 1 2 0 3
# of individuals 55 98 4 157 43 32 14 89 5 13 2 20
Species richness (S) 4 4 1 6 9 8 4 13 4 5 2 6
Shannon diversity index, (H’) 0.73 1.70 1.55

Shannon evenness (J”) 0.41 0.66 0.87

S is the number of species recorded in each habitat. CD, Cold-dry season (April-July); HD, Hot-dry season (August-October); WW, Warm-wet

season (November-March). There were two sites per habitat

and activity levels (measured by independent events) of their

natural predators using regression analysis. 1: | ° ® ®
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A total of 266 individuals of small mammals representing 13
species of rodents and three species of shrews were captured
from the three different habitat types (Table 1). The grass-
land habitat recorded 13 species of rodents and 3 species of
shrews; the maize field recorded 4 species of rodents and 2
species of shrews; while the forest habitat recorded 5 spe-
cies of rodents and 1 shrew species. The measurements for
the species are provided in Table A1l. The grassland habitat
recorded the highest species richness and had the highest
species diversity (Shannon’s diversity index, H'=1.70),
followed by natural forest (H'=1.55) and the least species
diversity was recorded in maize fields (H'=0.73). In terms
of evenness, forest habitat had the highest value (J'=0.87),
followed by grassland (J'=0.66) and then maize fields
(J'=0.41, where M. natalensis accounted for 94.9% of total
captures).

90 180 270 360 450 540 630 720
Trapping nights
-8~-Forest i Maizefield -@=Grassland

Fig.2 Species accumulation curve of small mammals in three differ-
ent habitats

M. natalensis, S. campestris, and E. brachyrhynchus were
caught in all three habitats while the other species were
either found in one or two of the habitats. After 450 trap-
ping nights, all the total number of species captured in the
three habitats had reached an asymptote (Fig. 2).

The number of small mammal species showed a general
trend of being highest in the grassland habitat and lowest
in the forest habitat across all seasons (Fig. 3). Statisti-
cally, habitat had a significant effect on the species richness
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Fig.3 Species count of small mammals (rodents and shrews) in the
three habitats. Error bars indicate the 95% confidence interval of the
least square mean species count. Habitats sharing the same CLD let-
ter are not significantly different (Tukey-adjusted comparisons) at a
0.05 probability level

(Fp5,=3.04, p=0.048) while season (', 19=0.92, p=0.397)
and the interaction between season and habitat (£ ;5=0.29,
p=0.885) had no significant effect on the number of small
mammal species. The non-significant interaction indicates
that seasonal changes did not alter the effect of habitat on
species richness. Therefore, although the overall habitat
effect was statistically significant, the post hoc pairwise
comparisons did not detect significant differences among
individual habitat types (Fig. 3).

The abundance of small mammals varied across habi-
tats and seasons, with general trends showing the highest
abundance in maize fields during the cold-dry and hot-dry
seasons, and consistently lower abundance in the forest.
During the warm-wet season, abundance was highest in the
grassland, while the forest remained the lowest across all
seasons (Fig. 4). Statistically, both habitat (F,,,=16.92,
p<0.001) and season (F, o=4.47, p=0.011) had a sig-
nificant influence on the abundance of small mammals in
a habitat (Fig. 4). Post hoc comparisons revealed that, in
the cold—dry season, abundance was significantly lower in
the forest compared to both the grassland and maize field,
while the grassland and maize field did not differ signifi-
cantly from each other. In the hot—dry season, abundance
in the forest was significantly lower than in the maize field
but did not differ significantly from the grassland. During
the warm-wet season, no statistically significant differences
were detected among the three habitats. Additionally, the
interaction between habitat and season was not significant
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Fig.4 Total small mammal (rodents and shrews) individuals in the
three habitats. Error bars indicate the 95% confidence interval of the
least square mean individuals count. Habitats sharing the same CLD
letter are not significantly different (Tukey-adjusted comparisons) at a
0.05 probability level

(F415=1.16, p=0.328), indicating that the influence of
habitat on abundance did not differ across seasons.

Species richness, diversity, and evenness of small
mammal natural predators (meso-carnivores
and raptors

A total of 331 independent photographs/events represent-
ing 11 species of potential small mammal natural preda-
tors were recorded via camera trapping in the three different
habitats, comprising eight meso-carnivores and three raptors
(Table 2). Seven species were recorded in the maize field, six
in the grassland and five in the forest. Large-spotted genet,
slender mongoose and domestic dog were recorded in all the
habitats, while the other species were either recorded in one
or two of the habitats. The species diversity did not differ
greatly (maize field and forest, H'=1.42, while grassland
H'=1.19). In terms of evenness, forest habitat was more
even (J'=0.88), followed by maize field (J'=0.73) and then
grassland (J'=0.66).

The domestic dog, large-spotted genet, and mongoose
were found in all habitats, while other predators were found
in one or two habitats (Fig. 5). The maize field habitat
reached an asymptote after 72 camera trap nights, while the
forest and grassland habitats recorded a new species on the
second and last trapping sessions, respectively (Fig. 6).

Although the species richness of small mammal preda-
tors appeared highest in maize fields across all seasons,
and lowest in the forest during the cold—dry season and
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in grasslands during the hot-dry and warm-wet sea-
sons (Fig. 7), these observed patterns were not statisti-
cally supported. Habitat (F,,,;=2.21, p=0.109), season
(F3,19=0.02, p=0.976) and the interaction between sea-
son and habitat (F ;5=0.83, p=0.506) had no significant
effect on the number of small mammal predators in all the
habitats. Therefore, while we observed some trends, the
species richness of small mammal predators was not sig-
nificantly influenced by habitat, season or the interaction
between the two.

Descriptively, the intensity of use (measured by inde-
pendent events) of a habitat by small mammal predators
appeared highest in maize fields across all seasons. The
intensity of use was lowest in the forest during the cold-dry
and hot-dry seasons, and lowest in grasslands during the
warm-wet season (Fig. 8). The observed seasonal differences
represent trends rather than statistically supported effects.
Habitat (F, 5, =5.76, p=0.003) had a significant influence
on the intensity of use of a habitat by small mammal preda-
tors, while season (F’ 2.10=0.13, p=0.88) and the interaction
between season and habitat (F; ;5=0.62, p=0.647) had no
significant effect on the intensity of use of a habitat by small
mammal predators. Therefore, although observed trends var-
ied among seasons, season did not modify the effect of habi-
tat on small mammal predators’ habitat use (Fig. 8).

Relationship between small mammal abundance
and the intensity of use of small mammal predators
in a habitat

There was a significant relationship (r?=0.456;
F 5,5 =3.021, P=0.038) between the abundance of small
mammals in a habitat and the intensity of use of a habi-
tat by small mammal predators (Fig. 9). The higher the
number of individuals of small mammals in the habitat,
the higher the intensity of use of a habitat by small mam-
mal predators. The post hoc Tukey test revealed that the
number of independent events of small mammal preda-
tors was influenced by the abundance of small mammals
(P=0.002), but habitat (P=0.367) did not influence the
relationship between the abundance of small mammals and
the intensity of use of a habitat by small mammal preda-
tors. In all three habitats, the highest number of individu-
als of small mammals and intensity of habitat use by small
mammal predators were recorded in the cold-dry and hot-
dry seasons, and the lowest numbers were recorded in the
warm-wet season.

Discussion

The abundance and diversity of small mammals (rodents
and shrews) and their natural predators (meso-carnivores
and raptors) differed in different habitats—maize fields,

Table 2 Species list of small mammal predators (meso-carnivores and raptors) detected during the camera trap surveys across three habitats in

Mwekera National Forest Reserve

Species Number of independent events/photographs

Maize field Grassland Natural Forest
Common name Scientific name CD HD WW Total CD HD WW Total CD HD WW Total
Large-spotted genet Genetta maculata 12 12 0 24 0 0 9 12 0 0 12
Slender mongoose Herpestes sanguineus 5 9 0 14 17 7 1 25 1 2 1 4
Domestic dog Canis lupus familiaris 15 52 8 75 2 0 0 2 0 2 0 2
Side-striped Jackal Canis adustus 0 0 0 0 11 27 9 47 0 5 2 7
Pied crow Corvus albus 20 36 27 83 0 0 0 0 0 0 0 0
Black kite Milvus migrans 8 2 6 16 0 0 0 0 0 0 0 0
African striped weasel Poecilogale albinucha 0 3 0 3 0 0 0 0 0 0 0 0
Domestic cat Felis catus 0 1 0 1 0 0 0 0 0 0 0 0
Nile monitor lizard Varanus niloticus 0 0 0 0 0 1 0 1 0 0 0 0
Southern ground hornbill Bucorvus leadbeateri 0 0 0 0 0 4 0 4 0 1 0 1
Thick-tailed bush baby Otolemur crassicaudatus 0 0 0 0 0 0 0 0 1 2 0 3
# of independent events 60 115 41 216 30 47 10 &7 14 11 3 28
Species richness (S) 5 7 3 7 3 5 2 6 3 5 2 6
Shannon diversity index (H’) 1.42 1.19 1.42
Shannon evenness (J’) 0.73 0.66 0.88

S is the number of species recorded in each habitat. CD, Cold-dry season (April-July); HD, Hot-dry season (August-October); WW, Warm-wet
season (November-March). The table is ordered with the common species on top
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1 (a,b,c)
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Fig.5 Example photographs of meso-carnivores and raptors detected
during the camera trap surveys across three habitats in Mwekera
National Forest Reserve. From top left 1) domestic dog, 2) large-
spotted genet, 3) slender mongoose, 4) southern ground hornbill, 5)

grasslands, and natural forest—in Kitwe, Zambia. For small
mammals, habitat had a significant effect on both species
richness and abundance, while season had a significant effect
on the abundance but not species richness. The highest spe-
cies richness of small mammals was in grassland habitats,
which is what we predicted. Regarding small mammal
predators, habitat had a significant effect on the intensity
of use but not species richness, while season had no signifi-
cant effect on either species richness or intensity of use of
habitats. The higher use by predators of maize habitats was
consistent with our hypothesis that they would have highest
presence in habitats with the highest abundance of rodents
and shrews.

A high diversity of small mammals in grassland com-
pared to forest and agricultural fields has also been reported
in Ethiopia (Datiko and Bekele 2014). The grassland habitat
supports high species richness because it has longer-lasting
vegetation cover (Fischer and Schroder 2014; Janova and
Heroldova 2016; Benedek and Sirbu 2018). In our study site,
the grassland habitat had vegetation cover for most of the
study period because it experienced less disturbance (such
as grazing, fire, and clearing by humans) compared to the
other habitats. Grass cover or height positively influences
rodent and shrew species diversity and abundance, while
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(meso-carnivores and raptors) in three different habitats

grazing pressure combined with fire can negatively influence
species diversity and abundance (Yarnell et al. 2007). Habi-
tats with vegetation cover provide food resources, protection
from predators and a moderate microclimate (Hamilton et al.
2015), hence supporting high species richness.

In our study, M. natalensis was the most widespread and
most abundant species. The wide distribution and abun-
dance of M. natalensis have been recorded in other studies in
Zambia (Bryja et al. 2012) and in other countries in eastern
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Africa (Makundi et al. 2005; Hurst et al. 2013; Addisu and
Bekele 2014). Despite being present in all habitats, the pop-
ulation of M. natalensis was extremely high in maize fields
and lowest in grassland. This could mean that M. natalen-
sis prefers and/or is more active in open habitats because

species with low tolerance to tree cover are more prone to
be abundant in agricultural lands (Benedek and Sirbu 2018).
Mastomys natalensis is widespread in most habitats because
it is a generalist species (Hurst et al. 2013); however, C.
nigrofusca, S. parvus, Thryonomys sp., D. mesomelas, G.
leucogaster, A. niloticus, A. spinosissimus, and Aethomys sp.
were restricted to at least one habitat. This finding supports
the knowledge that habitat composition influences the spe-
cies richness and distribution of rodents and shrews (Datiko
and Bekele 2014). Our results also confirmed the presence
of A. niloticus (with three individuals captured in grassland
habitat) in Zambia where its presence has been uncertain
(Kingdon et al. 2013; Granjon 2016).

Despite maize fields and natural forests having the same
number of rodent and shrew species (6 species each), the
Shannon index was much higher in natural forests than
maize fields. In a natural forest, the species were more
evenly encountered than in maize fields, where most indi-
viduals captured were M. natalensis (Magurran 2004). Our
results support the hypothesis that human-modified habitats
(i.e. maize fields) are dominated by only a few species, with
increased population abundance of these generalist species
(Gentili et al. 2014).

The intensity of use of a habitat by small mammal preda-
tors was also influenced by habitat type. The preference
to use grasslands by the side-striped jackal observed in
this study is consistent with other reports (Ansell 1978).
Similarly, habitat generality of the slender mongoose and
large-spotted genet was also reported in a study in Arusha
National Park, Tanzania, by Martinoli et al., (2006). How-
ever, Martinoli et al., (2006) found that carnivores tend to
be absent or avoid man-made habitats by selecting natural
habitats, which was not the case in the current study because
only 4 out of 11 species were not recorded in the maize
fields. Additionally, the maize field in our study contained
the highest intensity of use by small mammal predators. This
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indicates that, despite maize fields being open compared to
the natural habitats, predators still visit this habitat, probably
because of the high abundance of small mammal species.
This supports the idea that small mammal predators may
have the potential to limit the population of small mammals
in maize fields (Williams et al. 2018). From our findings,
the large-spotted genet, slender mongoose, domestic dog,
pied crow, and black kite are potential predators of rodent
pests in maize fields. Therefore, maintaining natural habi-
tats around maize fields, which promote the conservation of
these meso-carnivores and raptors, could benefit rodent pest
control (Krijger et al. 2017).

Season appeared to influence the activity of small mam-
mal predators, with descriptively higher activity recorded
during the dry season compared to the wet season. High
estimates of small carnivore activity during the dry season
(winter) compared to the rainy season (summer) have also
been recorded in serval cats in South Africa (Loock et al.
2018). In the current study, the observed high activity can
be attributed to the observed high abundance of small mam-
mals in the dry season. We observed that as the population
of small mammals increased, the intensity of use of a habitat
by their natural predators also likely increased. Other stud-
ies have shown that small mammal predators such as large-
spotted genet, slender mongoose, domestic cats and dogs,
and birds of prey include rodents in their diet (Cirovié et al.
2016; Williams et al. 2018). Therefore, these could have
a positive effect on controlling small mammal populations
(including rodent pests) in maize fields (Swanepoel et al.
2017; Williams et al. 2018). For example, the golden jackal
has been estimated to remove about 13.2 million crop pest
rodents in Serbia alone and more than 158 million crop pest
rodents in human-dominated landscapes in Europe (Cirovié
et al. 2016). An alternative reason for the increased number
of species and the increased abundance of small mammals
and their natural predators during the winter season could be
due to increased vegetation cover (Addisu and Bekele 2014;
Benedek and Sirbu 2018).

A study by Mahlaba et al., (2017) showed that when
together, dogs and cats have the potential to reduce rodent
activity around homesteads, but the mechanism involved
was not explained. The findings in the current study showed
that dogs (75 independent events) spent more time in the
maize field than the domestic cat (1 independent event). This
could suggest that the activity of dogs and cats around home-
steads is different, with cats spending more time near homes,
probably to avoid competition from the larger predators,
while dogs appear to have a larger territory that includes
nearby fields. This supports the suggestion that there might
be a synergistic influence of these two predators on rodent
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activity (Mahlaba et al. 2017). However, more research is
required to validate this observation.

In conclusion, the findings in this study highlight the impor-
tance of agricultural ecosystems in the conservation and man-
agement of small mammals and their natural predators. Based
on the results, the reduction in grassland habitat may have neg-
ative effects on small mammals (rodents and shrews) and their
natural predator (meso-carnivores and raptors), corroborating
previous studies (Loggins et al. 2019). Rusch et al., (2016)
highlighted that to maintain and enhance pest control services
provided by predatory arthropods, there is a need to preserve
and restore natural habitats in agricultural ecosystems. The
findings support the idea that keeping natural habitats around
maize fields could have the potential to provide viable biologi-
cal control of crop pests (Taylor et al. 2012; Rusch et al. 2016).
This idea is also supported by population studies of amphibian,
avian, and bat species (Propper et al. 2024), and dietary studies
of amphibians (Shooman-Goodier et al. 2019) in and around
rice fields in the Philippines. However, should rodenticides
continue to be used in agricultural ecosystems in Zambia, the
small mammal predators observed in this study may be at risk
of secondary poisoning, leading to loss of the positive ecosys-
tem services offered by these predators. However, promoting
the presence of these natural predators in agricultural ecosys-
tems will help factor in the landscape of fear in ecologically
based rodent management practices (Krijger et al. 2017; Ima-
kando et al. 2023), which have shown promise in agricultural
and urban settings in sub-Saharan Africa (Makundi and Mas-
sawe 2011; Dalecky et al. 2024). Habitat management aimed
at luring in natural enemies to enhance conservation biological
control in agriculture has been successfully used to control
arthropod pests (Landis et al. 2000; Gurr et al. 2017). A variety
of habitat management strategies have been used to promote
conservation biological control of insect pests, including trap
cropping, cover cropping, intercropping, multiple cropping,
flower strips, and weed strips (Gonzélez-Chang et al. 2019).
Snyder (2019) suggested that stronger pest suppression can
be achieved in agricultural ecosystems when natural enemies
occupy different, complementary feeding niches. Therefore, an
integrated approach at a landscape scale is likely to be impor-
tant for the management and conservation of small mammals
and their natural predators (Drouilly et al. 2018) in agricultural
ecosystems.

A few limitations of the study design should be acknowl-
edged. First, the sampling effort was constrained by logis-
tical and accessibility considerations, which may have
reduced the spatial representativeness of the study locations.
Second, because camera traps were deployed in only three
habitat types, other potentially important habitats (e.g. ripar-
ian zones or fallow land) were excluded, which may influ-
ence the generalisability of our findings. Third, camera trap
detectability can vary with vegetation structure and weather
conditions, which may bias detection rates independently
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of predator activity. Finally, some observed patterns such
as seasonal shifts in predator activity, may reflect broader
ecological processes that our sampling design could not fully
capture. Finally, we recommend that future studies should
incorporate landscape-level analyses and assessments of the
surroundings of the study plots to provide stronger evidence
that natural predators are beneficial as pest control.
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