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a b s t r a c t

Conversion of native habitats into agricultural monocultures is a major cause of biodi-
versity loss favouring a small number of generalist species. Rodents can cause significant
declines in crop yield, hence understanding the factors affecting their population dynamics
is of importance to the agricultural sector. Sugarcane plantations in African savannas
harbour a low diversity of small mammals, with a single genus (Mastomys spp.) often
dominating the community. Our study investigated the factors that shape the composition
of the small mammal community and the life-history traits of the dominant species in a
savanna-sugarcane landscape mosaic. We surveyed small mammals at eight sites, six in
sugarcane and two in neighbouring savannas at five-week intervals over the course of a
year. Sugarcane and native savanna sites were categorised into vegetation height classes.
We captured a total of 845 individual small mammals belonging to eight species across all
sites. Species diversity was higher in the savanna than in sugarcane fields. Although the
composition of the community overlapped in the two habitats, it was most similar be-
tween tall sugarcane and savanna, than between sites that had recently planted (emerging
or short) sugarcane and either tall sugarcane or savanna. Furthermore, population den-
sities of the dominant species (Mastomys natalensis) were significantly higher in sugarcane
than in native savanna. Additionally, the interactions between habitat and season influ-
enced survival and body condition of M. natalensis; apparent survival decreased in savanna
and body condition improved in sugarcane during the wet season. Furthermore, the sur-
vival of M. natalensis was also significantly reduced in sugarcane fields that had been burnt
prior to harvesting. However, there was no significant difference in the extent of breeding
between the two habitats. This study provides novel insight into the mechanisms that
allow for the persistence of high densities of rodent pest species.
© 2019 The Authors. Published by Elsevier B.V. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).
Sciences, University of Eswatini, Private Bag 4, Kwaluseni, Eswatini.

r B.V. This is an open access article under the CC BY license (http://creativecommons.org/licenses/by/4.

http://creativecommons.org/licenses/by/4.0/
mailto:ara@uniswa.sz
http://crossmark.crossref.org/dialog/?doi=10.1016/j.gecco.2019.e00752&domain=pdf
www.sciencedirect.com/science/journal/23519894
http://www.elsevier.com/locate/gecco
https://doi.org/10.1016/j.gecco.2019.e00752
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/j.gecco.2019.e00752


M. Mamba et al. / Global Ecology and Conservation 20 (2019) e007522
1. Introduction

Currently, anthropogenic activities are major causes of biodiversity loss worldwide (Butchart et al., 2010). Among them,
the conversion of native habitats into monocultures has been shown to negatively alter wildlife communities (Ellis and
Ramankutty, 2008; Park, 2015; Ramankutty and Foley, 1999). Indeed, this kind of alteration that fragments and homoge-
nizes landscapes (McCleery et al., 2018; Reynolds et al., 2017) has led to reduced species richness and functional diversity,
favouring generalist species at the expense of less flexible specialists (Byrom et al., 2015; Hurst et al., 2014; Soto-Shoender
et al., 2018). Hitherto, research on the impact of monocultures on biodiversity has mostly focused on population and com-
munity parameters, while the effects on demography and life history traits remain poorly studied.

Non-volant small mammals, particularly rodents, provide diverse ecosystem services such as soil aeration, pollination,
seed dispersal, and serve as prey for higher trophic levels (Lacher et al., 2016). Additionally, rodents are economically
important as crop pests, causing damage to a large variety of crops (Singleton et al., 2010, 2005). In Africa alone, at least 25
species of rodents are known for their negative impacts on agriculture, or public health (Makundi et al., 1999). Therefore, a
better understanding of the factors that shape the community structure and intraspecific demography and life history traits of
non-volant small mammals is required for the effective management of their negative impacts.

Intensive sugarcane production (Saccharum sp.), is expanding in eastern southern Africa (Hulley, 2007). Sugarcane
plantations drastically alter ecosystem conditions. Indeed, within this type of crop, vegetation composition and structure are
less complex than in natural landscapes (Reynolds et al., 2017). Especially, vegetation height exhibits high temporal het-
erogeneity. Consequently, with plant growth, vegetation cover varies from near zero at the time of planting to very thick and
matted just before harvesting (Gheler-Costa et al., 2013). This generates rapidly changing levels of coverwhich is an important
habitat parameter for small mammals (Banasiak and Shrader, 2016; Loggins et al., 2019; Monadjem, 1997), presumably
mediated through predation (Vibe-Petersen et al., 2006). Furthermore, food abundance for rodents in sugarcane plantations
is probably greatly increased by irrigation. Rodent species, that have high reproductive rates and fast generation time, may be
capable of taking advantage of such temporally dynamic habitats (Singleton et al., 2010).

The multimammate mouse (Mastomys natalensis) is a rodent that is typically associated with agricultural landscapes in
sub-Saharan Africa where it is often the dominant species (Hurst et al., 2013; Makundi et al., 2007, 1999; Mohammed et al.,
2017), and may become a major pest (Fiedler, 1988; Leirs et al., 1996a). Large litter size, increased survival and fast generation
time, are some of the demographic parameters that favour the high population turnover of M. natalensis (Monadjem, 1998;
Telford, 1989). These factors together with its omnivorous diet allow M. natalensis populations to irrupt in regions experi-
encing seasonal rainfall (Leirs et al., 1996a).

In the context of the significant land use changes occurring in Africa (Smith et al., 2016), it becomes important to
investigate the impact of agriculture on small mammal communities. However, agricultural fields also offer ecologists a
platform to conduct large-scale experiments that would not be feasible or ethical in native habitats. For example, sugarcane
fields in Eswatini are carefully managed on an 11-month cycle (see Methods below), with sugarcane fields at various growth
stages throughout the year, creating a mosaic of plant growth stages across seasons. This situation is made possible by
irrigation and fertilization of the fields, which effectively decouples vegetation biomass and season, whereas in neighbouring
native habitats, vegetation biomass is determined by rainfall which is highly seasonal (Deshmukh, 1984). Therefore, our first
objective was to compare species richness and composition of the small mammal community in sugarcane with that
occurring in native savanna habitat. Our second objective was to determine the influence of vegetation structure, including
the different growth stages of sugarcane and burning, on life history traits of the dominant species, M. natalensis, in Eswatini
(Hurst et al., 2014, 2013).

We expected the small mammal community to be less diverse in sugarcane plantations than in native savanna habitat.
Indeed, the homogeneity and similarity in vegetation structure of sugarcane may exclude specialist species, as shown by
Hurst et al. (2014). Furthermore, we expected fields with tall sugarcane to provide cover and protection from predators of M.
natalensis (Loggins et al., 2019). Therefore, we predicted an increase in survival of this species with vegetation height. We also
expected that animals in sugarcane plantations would have better body condition compared with those in native savanna,
and that there would be less variation between seasons in sugarcane since fields are irrigated throughout the year.
Furthermore, with animals in better condition, we predicted that animals in sugarcane would have an extended breeding
season compared with those in savanna. Hence, in conclusion we expected that elevated food supply should result in an
increased population density of M. natalensis in sugarcane fields compared with native savanna.

2. Methods and materials

2.1. Study area

The study was conducted on the estates of the Royal Swaziland Sugar Corporation and Tambankulu which are located in
north-eastern Eswatini. The warmest and coolest months are January and July with daily mean temperatures of 26.1 �C and
14.6 �C, respectively. This area receives a mean annual rainfall of 574mm. The native vegetation in this region is low-lying
savanna dominated by species of Senegalia, Vachellia and Dichrostachys (Monadjem and Reside, 2008). The topography of
the area is relatively flat and altitude is 150e250m. The estates are covered by vast plantations of irrigated sugarcane together
with roads, water storage, and canal systems (Kingston, 2003). There are also fragmented patches of native vegetation
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scattered throughout the fields as well as patches associated with riparian areas. The growing period of the sugarcane lasts
about nine months, starting from bare ground (just planted) to plants over 3m in height. This is then followed by a period of
1e2 months of drying off when irrigation is stopped, making the total growing period about 10e11 months from planting to
harvest (Rostron,1975). To assist with harvesting, which is conductedmanually in Eswatini, the sugarcane field is burnt one or
a few days prior to harvesting. This is facilitated by the use of gasolinewhich is poured around the edge of the field; hence, the
blaze begins on the outer margins and works its way to the center. Environmental conditions coupled with irrigation render
the growth of sugarcane possible during the entire year meaning that harvesting of mature cane, and successive plant growth
stages, are independent of the year calendar.
2.2. Study design

We randomly located six sampling grids in Simunye and Tambankulu sugarcane fields and two control grids in adjacent
native savanna habitat within the Mbuluzi Game Reserve. Our sampling sites were situated between 26.095� and 26.194�S,
and 31.928� and 32.002 �W. We placed all grids at least 1 km apart. Each grid had 49 (7� 7) trapping stations with a single
Sherman trap (7.6� 9.5� 30.5 cm, H.B. Sherman Live Traps. Inc, Tallahassee, Florida), with 15m spacing between traps. We
placed grids >100m away from the borders of sugarcane fields and >100m from patches of native vegetation found within
the fields. Similarly, grids placed in native vegetation were >100m from sugarcane fields. We classified vegetation height
within the grids into four different classes: emerging (�30 cm); short (30e100 cm); medium (100e200 cm); and tall
(�200 cm) (Fig. 1). To assess the height of the sugarcane (in sugarcane fields) and grass (in savanna) we measured the height
of the vegetation with a long metal pole at nine locations on each grid, and used the average as the height of the vegetation.
Fig. 1. The four different sugarcane height categories that were used in this study: (A) emerging sugarcane; (B) short sugarcane; (C) medium sugarcane; (D) tall
sugarcane; and (E) burnt field. The metal pole is 2m in length.



M. Mamba et al. / Global Ecology and Conservation 20 (2019) e007524
We conducted a total of ten monthly trapping sessions between June 2017 and May 2018 at five week intervals, with traps
remaining active for four consecutive nights in each sampling grid. We placed Sherman traps, baited with a mixture of
oatmeal and peanut butter, in full shade to prevent trapped animals from overheating. Additionally, we fitted the traps with
nesting material (cotton wool) during the cold (i.e. dry) season to prevent captured animals from dying of exposure.

2.3. Data collection

Upon capture we identified, marked with an ear tag, weighed, and measured length of hindfoot of each rodent. We
determined breeding condition of males by the position of the testes (scrotal vs abdominal), following Makundi et al. (2007).
For females, we assessed pregnancy by palpation, and evidence of mating was associated with the occurrence of a perforated
vagina (Makundi et al., 2007). We released captured animals at the point of capture.

Appropriate permits were obtained for capturing small mammals at all the sites mentioned in this study. Animal handling
was conducted in accordance with the guidelines from the American Society of Mammalogists (Sikes, 2016).

2.4. Data analysis

We conducted all analyses with R version 3.5.1 (R Core Development Team, 2016). Based on our predictions, we conducted
the following analyses (see below).

2.4.1. Analyses of communities
We defined species richness as the number of species present per grid and per session, while species diversity was

calculated using the Shannon diversity index (H0 ¼Spi� ln (pi), where ‘pi’ represents the proportion of individuals from
species ‘i’ (Krebs, 2014). Species richness and species diversity were calculated using habitats (sugarcane plantation vs
savanna), vegetation height (four classes), season (dry vs wet), and the interaction between habitat and season as explanatory
variables. We ran a linear mixed model for species diversity (function: “lmer”, package: “lmerTest” (Kuznetsova et al., 2017))
and a generalized linear mixed model fitted for Poisson distributions (function: “glmer”, package: “lme4” (Bates et al., 2015))
for species richness. In both cases the grid ID was included as a random factor. The interaction terms were removed if not
significant (Engqvist, 2005). For the treatment effect, pairwise Tukey post-hoc comparisons were conducted using the
function: “glht”, in the package “multcomp” (Hothorn et al., 2008).

Additionally, we investigated species composition of the small mammal community using Non-Metric Multi-Dimensional
Scaling (NMDS), conducted using Bray-Curtis similarities. Analysis of Similarities (one-way ANOSIM) was used to determine
differences between the treatments and control. Both these analyses were conducted in Primer 5.2 (http://www.primer-e.
com).

2.4.2. Population density
We used the minimum number alive method (Krebs, 1999) to estimate the relative densities of the three most abundant

species of rodents in our study (i.e. Mastomys natalensis, Lemniscomys rosalia and Mus minutoides) on each grid. We then
analysed these densities per grid and per session using generalized linear mixed models fitted for Poisson distributions
(function: “glmer”, package: “lme4” (Bates et al., 2015)). As explanatory variables, we included habitat (sugarcane vs.
savanna), vegetation height (the four classes mentioned above), season (dry vs wet) and the interaction between season and
habitat. We used the grid ID as a random factor. The interaction terms were removed if not significant (Engqvist, 2005).
Pairwise Tukey post-hoc comparisons for the treatment effect were conducted using the function “glht” in the package
“multcomp” (Hothorn et al., 2008).

2.4.3. Survival analysis
We estimated apparent survival probability from one session to another using a Cormack-Jolly-Seber model with a

Bayesian interference (Kery and Schaub, 2012) calling the function “jags” from the R-package “jagsUI” (Kellner, 2018). We
scored the apparent state of each individual as dead or alive for each session. On first capture both the apparent state and the
capture probability of an individual was 1. We modelled subsequent states through Bernoulli trials. The success probability
corresponded to the product of the apparent state of the individual during the previous session and the apparent survival
probability. Wemodelled variation in apparent survival as a function of habitat (sugarcane vs savanna), vegetation height (the
four height categories mentioned above plus a fifth category of burnt field), season (dry vs wet), sex (female vs male) and the
interaction between season and habitat. Moreover, we considered the grid ID and the sessions as random effects of the
survival probability. The constructed functionwas logit-transformed. The capture history matrix comprised the capture state
(captured or not captured) of each individual during each session. The capture states corresponded to realizations of Bernoulli
trials, with the product of the related apparent states and the capture probability as success parameters.

We specified vague prior distributions for themodelled coefficients (i.e. normal distributions withmean of 0 and precision
of 0.001, constrained between �10 and 10, for the regression parameters (i.e. the intercept and covariate effects for the
survival probability), uniform distributions [0,5] for the standard deviation of the random factors, which had amean of 0) and
uniform distribution [0,1] for the capture probability. We ran three different Markov chains, starting at random initial values
in the range of parameter space, for 50,000 iterations with a 20,000 iteration burn in. Markov chains were thinned by a factor

http://www.primer-e.com
http://www.primer-e.com
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of 3 and the Brooks-Gelman-Rubin criterion R^was used to assess the convergence of chains, indicated when R^< 1.1 (Brooks
and Gelman, 1998). Effects, with a posterior distribution 95% credible interval (95% CRI) not covering 0, were considered as
significant.

2.4.4. Body condition
We assessed variation in body condition using the body mass as response variable and a size variable (i.e. hindfoot length)

as covariate (García-Berthou, 2001). We used a linear mixed model, (function: “lmer”, package: “lmerTest” (Kuznetsova et al.,
2017)) where explanatory variables comprised hindfoot length, season (dry vs wet), habitat (sugarcane vs savanna), sex
(female vs male) and the interaction between season and habitat. The interaction term was removed if not significant. The
grid ID was considered as a random factor.

2.4.5. Breeding
We analysed the breeding status of M. natalensis per session and per grid using a generalized mixed model (function:

“glmer”, package: “lme4” (Bates et al., 2015)). Season (dry vs wet), habitat (sugarcane vs savanna), sex, and the interaction
between season and habitat were considered as fixed effects. We used grid ID as a random factor and removed the interaction
term if it was not significant.
3. Results

3.1. Influence of growth stages on community structure

We captured a total of 845 individual small mammals during 15,680 trap nights in 10 sampling sessions (capturing
success¼ 5.4%). We recorded a total of eight small mammal species, comprising seven rodents (Rodentia) and one shrew
(Soricomorpha) species. Rodents included Mastomys natalensis (Natal multimammate mouse), Lemniscomys rosalia (Single-
striped grass mouse), Mus minutoides (Pygmy mouse), Aethomys ineptus (Tete veld rat), Rattus rattus (Black rat), Dendromus
mystacalis (Chestnut climbing mouse) and Saccostomus campestris (Pouched mouse). Shrews were represented by Crocidura
hirta (Lesser red musk shrew). Mastomys natalensis was the most commonly trapped species representing 56.7% of all cap-
tures followed by L. rosalia (Table 1); these two species accounted for 86.2% of all captures. The numbers of A. ineptus, S.
campestris, D. mystacalis and R. rattuswere comparatively lower. Furthermore, A. ineptuswas exclusively recorded in savanna
habitat while D. mystacalis and R. rattus were each captured only once (Table 1).

The interactions between habitat and season were not significant in explaining species richness (z¼ 0.586, p¼ 0.558) nor
species diversity (t¼ 1.278, p¼ 0.205), and were therefore removed from the final models. Furthermore, none of the fixed
effects significantly explained the variation in species richness (Table 2). Species diversity was significantly higher in savanna
than in sugarcane plantations, but did not vary between seasons (Table 2, Fig. 2). Pairwise comparisons of grids with different
vegetation height classes revealed that species diversity was almost always higher in a grid with taller grass, regardless of
whether it was in savanna or sugarcane. Except between sites that had emerging and short vegetation, and medium and tall
vegetation, all other differences were significant (Table 2).

Additionally, there was significant overlap in species composition of small mammals between the various grids in sug-
arcane fields and those in savanna (ANOSIM, R¼ 0.18, p< 0.05), however, the composition in native habitats was most similar
to that of fields with medium and tall sugarcane and practically no overlap with emerging or short fields (Fig. 3).
3.2. Population density

Mastomys natalensis densities were 2.64 times higher in sugarcane than in savanna, while L. rosalia showed the reverse
pattern, (i.e. 2.19 times higher density in the savanna). Densities of M. minutoides did not significantly differ between the two
habitats (Tables 1 and 3). Densities ofM. natalensiswere 1.25 times lower during the wet compared to the dry season (Tables 1
Table 1
Small mammal species trapped in different sugarcane height classes and in native savanna during the wet and dry season.

Species Emerging Short Medium Tall Savanna TOTAL

Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet

Mastomys natalensis 32 14 68 26 11 47 120 154 28 50 550
Lemniscomys rosalia 3 0 16 5 11 26 53 88 46 38 286
Mus minutoides 1 2 7 0 3 2 10 20 12 24 81
Crocidura hirta 1 1 3 1 0 5 11 14 0 1 37
Aethomys ineptus 0 0 0 0 0 0 0 0 2 6 8
Dendromus mystacalis 0 0 0 0 0 0 0 0 1 0 1
Saccostomus campestris 0 0 0 0 0 0 1 0 1 4 6
Rattus rattus 0 0 0 0 0 0 1 0 0 0 1
TOTAL 37 17 94 32 25 80 196 276 90 123 970



Table 2
Results of GLMM fitted to Poisson distribution for the relationship between species richness/diversity and habitat, season, and
vegetation height categories: 1¼ emerging; 2¼ short; 3¼medium; and 4¼ tall sugarcane.

Estimate ± SD z/t p

Species richness
Intercept 0.29 ± 0.42 0.70 0.487
Habitat 0.29 ± 0.19 1.56 0.118
Season 0.02 ± 0.14 0.14 0.888
Category 2 - 1 0.07 ± 0.27 0.26 0.994
Category 3 - 1 0.38 ± 0.26 1.47 0.451
Category 4 - 1 0.40 ± 0.26 1.54 0.410
Category 3 - 2 0.31 ± 0.21 1.46 0.460
Category 4 - 2 0.33 ± 0.22 1.51 0.425
Category 4 - 3 0.02 ± 0.20 0.09 1.000
Species diversity
Intercept 0.10 ± 0.17 0.59 0.557
Habitat 0.26 ± 0.08 3.22 0.002
Season 0.00 ± 0.06 0.03 0.979
Category 2 - 1 0.05 ± 0.11 0.46 0.967
Category 3 - 1 0.36 ± 0.11 3.34 0.005
Category 4 - 1 0.37 ± 0.10 3.58 0.002
Category 3 - 2 0.31 ± 0.09 3.32 0.005
Category 4 - 2 0.32 ± 0.09 3.57 0.002
Category 4 - 3 0.01 ± 0.09 0.09 1.000

Fig. 2. Species diversity of small mammals in: (A) sugarcane (SC) and native savanna (SA) habitats in the wet and dry seasons; and (B) in fields of varying
vegetation height classes.
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and 3). Densities of L. rosalia did not differ significantly between seasons (Tables 1 and 3). The change inM.minutoides densities
between the wet and dry season was 2.85 times superior in the savanna compared to the sugarcane plantations (interaction
effect: Table 3). The interactions between season and habitat were not significant forM. natalensis (interaction effect: z¼ 0.55,



Fig. 3. Non-metric multi-dimensional scaling plot showing small mammal composition in the various growth stages of sugarcane and native savanna habitats.

Table 3
Results of GLMM fitted to Poisson distribution for the relationship between the population densities of the three most abundant
rodents in sugarcane fields, Mastomys natalensis, Lemniscomys rosalia and Mus minutoides, and habitat, season, and vegetation
height categories: 1¼ emerging; 2¼ short; 3¼medium; and 4¼ tall sugarcane. Also included is the interaction between season
and habitat for M. minutoides.

Estimate ± SD z p

M.natalensis
Intercept 3.42 ± 0.35 9.66 <0.001
Habitat -0.97 ± 0.25 -3.95 <0.001
Season -0.22 ± 0.07 -3.04 0.002
Category 2 - 1 0.47 ± 0.15 3.18 0.008
Category 3 - 1 0.35 ± 0.15 2.43 0.069
Category 4 - 1 0.35 ± 0.13 2.69 0.034
Category 3 - 2 -0.12 ± 0.12 -1.00 0.745
Category 4 - 2 -0.12 ± 0.10 -1.17 0.639
Category 4 - 3 -0.00 ± 0.10 -0.03 1.000

L. rosalia
Intercept 0.00 ± 0.42 0.02 0.987
Habitat 0.78 ± 0.23 3.42 <0.001
Season -0.13 ± 0.10 -1.37 0.172
Category 2 - 1 0.83 ± 0.24 5.29 0.003
Category 3 - 1 0.60 ± 0.24 3.44 0.051
Category 4 - 1 1.25 ± 0.24 2.54 <0.001
Category 3 - 2 -0.23 ± 0.14 5.29 0.382
Category 4 - 2 0.42 ± 0.15 -1.58 0.021
Category 4 - 3 0.65 ± 0.15 4.20 <0.001

M. minutoides
Intercept -2.00 ± 1.50 -1.33 0.182
Habitat -0.12 ± 0.94 -0.12 0.901
Season -1.35 ± 0.75 -1.80 0.072
Season:Habitat 1.05 ± 0.48 2.18 0.029
Category 2 - 1 1.87 ± 0.76 2.46 0.060
Category 3 - 1 1.61 ± 0.75 2.14 0.127
Category 4 - 1 2.11 ± 0.79 2.66 0.034
Category 3 - 2 -0.26 ± 0.31 -0.85 0.821
Category 4 - 2 0.24 ± 0.38 0.62 0.922
Category 4 - 3 0.50 ± 0.40 1.23 0.589

M. Mamba et al. / Global Ecology and Conservation 20 (2019) e00752 7
p¼ 0.584) and L. rosalia (interaction effect: z¼ 1.30, p¼ 0.193). Pairwise comparisons showed that M. natalensis densities in
emerging grids were significantly lower than in short or tall sites (Tables 1 and 3). For L. rosalia, population densities in tall
fields were significantly higher than in all other categories, and populations in short fields were at densities that were 2.28
times higher than those in emerging fields (Tables 1 and 3). Similarly, population densities of M. minutoides in tall fields were
8.22 times higher than those found in emerging fields (Tables 1 and 3). Other pairwise comparisons between different
treatments did not reveal significant changes in M. minutoides population densities (Tables 1 and 3).
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3.3. Apparent survival analysis

The apparent survival of M. natalensis did not differ significantly between habitats (Table 4). Survival was significantly
reduced during the wet season in the savanna compared with that in sugarcane (interaction effect, Table 4, Fig. 4). In the
sugarcane plantations, survival did not differ between seasons (Table 4). Apparent survival was significantly reduced in fields
that had been burnt compared to medium or tall fields of sugarcane (Table 4).

3.4. Body condition

Body mass was significantly correlated with hindfoot length (Table 5). Body condition of individuals in the sugarcane was
significantly better during the wet season than in the savanna (interaction term, Table 5). Finally, males were in better
condition than females (Table 5).

3.5. Breeding

Mastomys natalensis bred significantly more during the wet season than during the dry season (2.51± 0.18, z¼ 13.43,
p< 0.001). Furthermore, breeding was not significantly different in savanna compared with sugarcane (�0.72± 0.39,
z¼�1.86, p¼ 0.063). A higher proportion of males was observed in breeding condition than females (0.90± 0.18, z¼ 4.92,
p< 0.001). The interaction between habitat and season did not significantly affect breeding status (z¼�0.85, p¼ 0.394), and
was consequently removed from the model.

4. Discussion

Our study has demonstrated substantial differences in the structure of small mammal communities between sugarcane
plantations and native habitats in a savanna-agriculture landscape. Furthermore, our study has revealed a highly dynamic and
rapidly changing small mammal community within the growing sugarcane fields. Species diversity was reduced in sugarcane
fields, particularly at early stages of plant growth. Associated with these differences in community structure, were differences
in abundance of the dominant species Mastomys natalensis, densities being almost 40% higher in irrigated sugarcane fields.
This corroborates the findings of Hurst et al. (2013, 2014) and other researchers comparing small mammal communities in
agricultural fields with neighbouring savannas in Africa (Byrom et al., 2015; Makundi et al., 2009; Monadjem, 1999a).
However, because of our experimental design, we were also able to reveal differences in life history parameters of M.
natalensis in sugarcane versus native savanna, which we suggest may explain the reported differences in its population
densities reported here and in previous studies.

4.1. Community structure

Species diversity and composition varied greatly between sites depending on plant cover. Fields with tall sugarcane had
similar species diversity and composition to neighbouring native savanna vegetation, but relatively bare fields (with recently
planted sugarcane) were significantly different being mostly dominated by a single species M. natalensis. Thus, the structure
of the small mammal community is highly dynamic, startingwithM. natalensis dominating fields in the early stages of growth
and progressing to a diverse community resembling that typical of savanna in later stages of sugarcane growth. In fact, this
Table 4
Results of GLMM fitted to Poisson distribution for the relationship between the survival rate of the dominant small mammal species in
sugarcane, Mastomys natalensis, and habitat, season, and vegetation height categories: 1¼ emerging; 2¼ short; 3¼medium; and 4¼ tall
sugarcane. Also included is the interaction between season and habitat.

Estimate Lower 95%CRI Upper 95%CRI

Intercept 0.759 �0.269 1.858
Habitat �0.355 �1.968 1.102
Season �0.480 �1.210 0.199
Sex �0.505 �0.923 �0.102
Season:Habitat �1.580 �3.238 �0.044
Category 2-1 �0.286 �1.211 0.620
Category 3-1 �0.132 �1.019 0.738
Category 4-1 �0.244 �1.056 0.542
Category 5-1 �1.102 �2.221 0.020
Category 3-2 0.155 �0.577 0.880
Category 4-2 0.043 �0.543 0.616
Category 4-3 �0.112 �0.690 0.448
Category 5-2 �0.815 �1.756 0.109
Category 5-3 �0.970 �1.890 �0.067
Category 5-4 �0.858 �1.708 �0.018



Fig. 4. Survival of Mastomys natalensis males and females in sugarcane and savanna during the wet and dry seasons.
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closely mirrors the dynamism of small mammal communities in native grasslands following a seasonal cycle or a fire
(Avenant and Cavallini, 2007; Monadjem and Perrin, 2003). However, even in the tallest sugarcane fields, species diversity
does not quite reach the same levels as in native savanna. For example, granivorous species such as Saccostomus campestris,
Dendromys mystacalis and Aethomys ineptus are effectively absent from sugarcane fields (Hurst et al., 2014), and this was
clearly seen in our study as well (see Table 1).
4.2. Population densities, survival and breeding

Increased rodent populations in agricultural landscapes have been documented widely in Africa (Hurst et al., 2013; Leirs
and Verheyen, 1995). These increased densities are usually attributed to higher food supply (Mulungu et al., 2015) with
outbreaks linked to increased rainfall (Leirs et al., 1996a), yet the exact mechanisms of population proliferation are poorly
understood. In this study, we show significant interactions between habitat and season in explaining lower savanna-related
gain in body condition and reduction in survival during the wet season. We therefore suggest that rodents in sugarcane fields
are better able to maintain body condition and survival throughout the year than in native savanna.

Good body condition is critical for breeding rodents (Field, 1975), and the ability to rapidly improve body condition after
the lean dry season should allow for an earlier onset of breeding in sugarcane fields. However, we found no evidence for this
in our study; males and females were reproductively active over the same time period in sugarcane fields and native savanna.
It has been suggested that the plant compound 6-methoxybenzoxazolinone (6-MBOA), contained in sprouting grasses, may
trigger reproduction in herbivorous rodents (Alibhai, 1986; Linn, 1991). Although we did not measure concentrations of this
compound in sugarcane, it is presumably available in significant quantities within sugarcane fields throughout the year.
Indeed, sugarcane plants are constantly green with sprouting young leaves (Epstein et al., 1986). The role of 6-MBOA on
rodent reproduction in sugarcane fields remains to be tested, but we speculate that females in sugarcane plantations have
larger litter sizes than those in native savanna, although we did not measure this.

Population growth is dependent on recruitment (reproduction) and survival. We have demonstrated that survival was
better maintained across seasons in sugarcane fields than in native savanna, due to a decrease in survival during the wet
season in the latter habitat. This seemingly counterintuitive result can be explained by the fact that M. natalensis breeds
during the wet season in Eswatini (Monadjem, 1998), resulting in an increase of juvenile mice during this season, which have
lower survival rates than adults (Hawlena et al., 2006). Furthermore, breeding represents drastic energy expenditure which
can be translated into lower survival in adults too (Koivula et al., 2003). However, with irrigation of sugarcane fields and the
expected higher food abundance there, both adult and immature individuals may attain better body condition and experience
higher survival during the wet season in this habitat. The high rate of survival and high densities in sugarcane are also re-
flected in the lack of genetic structure of M. natalensis sampled across the same study area (Rohas Bonzi et al., 2019).

The populations ofMus minutoides and Lemniscomys rosalia showed different trends compared with those ofM. natalensis.
Both species had higher population densities in savanna than in sugarcane and in taller fields than shorter fields, corrobo-
rating previous studies showing that these species prefers situations with high cover (Loggins et al., 2019; Monadjem, 1999b;
Monadjem and Perrin, 1997). Sugarcane fields probably represent marginal habitats for these two species that presumably
use field margins and other edge habitats with adequate cover as refugia after burning of the sugarcane and for several
months thereafter until the field has regained adequate cover from the next generation of growing sugarcane.



Table 5
Results of GLMM fitted to Poisson distribution for the relationship between body condition of the dominant small mammal species in sugarcane, Mastomys
natalensis, and habitat, season and sex. Also included is the interaction between season and habitat.

Estimate ±SE DF t-value p-value

(Intercept) �80.10 7.45 715 �10.75 <0.001
Hindfoot 4.27 0.28 715 15.14 <0.001
Season 17.70 2.98 715 5.95 <0.001
Habitat 2.58 4.18 6 0.62 0.560
Sex 3.59 0.85 715 4.23 <0.001
Season:Habitat �5.73 2.56 715 �2.24 0.025
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Shortly before harvesting sugarcane at our study site, the field is burnt, which we have demonstrated significantly affects
the survival of the dominant species, M. natalensis, in the system. This is a surprising and unexpected finding because fire
generally does not appear to affect populations of Mastomys species (Leirs et al., 1996b; MacFadyen et al., 2012; Yarnell et al.,
2007), and has even been reported to increase their population densities (Monadjem and Perrin, 2003). This is likely because
sugarcane fires do not remove all sugarcane biomass and may even result in an increase in food for small mammals in the
form of dead insects. The reason for why fire has an impact on Mastomys survival in sugarcane fields may rest with the heat
and intensity of the fire here compared with fire in native savannas. Although not measured, the temperature of fires in
sugarcane fields must be significantly higher than in the neighbouring savannas based on the higher biomass available for
burning in the former habitat; the flames in burning sugarcane fields typically reach many meters above the ground, visibly
higher than most savanna fires in the region. Perhaps this atypical heat and intensity radiates deeper underground whereM.
natalensis presumably takes refuge in cracks, crevices, and burrows (Leirs et al., 1996b; Leirs and Verheyen, 1995). An
alternative, but notmutually exclusive explanation is that these small mammals were able to survive the fire but immediately
dispersed away from the burnt fields never to return, which is rather unlikely since previous work has shown that M.
natalensis is drawn to recently burnt areas (Monadjem and Perrin, 2003).

In this study we have demonstrated that the higher density of rodents in sugarcane fields, than neighbouring savannas, is
linked with a more constant survival and body condition of rodents in sugarcane throughout the year. Despite the rapidly
changing physical structure of vegetation in sugarcane fields, and the intense fires at harvesting, these irrigated fields provide
suitable habitat for at least one species, M. natalensis, a pioneer species that is well adapted for exploiting such temporally
dynamic situations (Meester et al., 1979).
Acknowledgements

We thank the relevant managers of Royal Swaziland Sugar Company (RSSC), Tongaat Hulett Sugar Ltd and Mbuluzi Game
Reserve for granting us permission to conduct this study on their properties. We are grateful to the Savanna Research Center
for providing accommodation and logistical support. Special thanks to Celumusa Dlamini, Sifiso Lukhele, Phumlile Simelane,
and Mduduzi Ngwenya who assisted with data collection.
References

Alibhai, S.K., 1986. Reproductive response of Gerbillus harwoodii to 6-MBOA in the kora national Reserve, Kenya. J. Trop. Ecol. 2, 377e379. https://doi.org/10.
1017/S0266467400001012.

Avenant, N.L., Cavallini, P., 2007. Correlating rodent community structure with ecological integrity, Tussen-Die-Riviere Nature Reserve, Free State province,
South Africa. Integr. Zool. 2, 212e219. https://doi.org/10.1111/j.1749-4877.2007.00064.x.

Banasiak, N., Shrader, A.M., 2016. Similarities in perceived predation risk prevent temporal partitioning of food by rodents in an African grassland. J.
Mammal. 97, 483e489. https://doi.org/10.1093/jmammal/gyv192.

Bates, D., Maechler, M., Bolker, B., Walker, S., 2015. Fitting linear mixed-effects models using lme4. J. Stat. Softw. 67, 1e48. https://doi.org/10.18637/jss.v067.
i01.

Brooks, S.P., Gelman, A., 1998. General methods for monitoring convergence of iterative simulations. J. Comput. Graph. Stat. 7, 434e455.
Butchart, S.H.M., Walpole, M., Collen, B., van Strien, A., Scharlemann, J.P.W., Almond, R.E.A., Bailie, J.E.M., Bomhard, B., Brown, C., Bruno, J., Carpenter, K.E.,

Carr, G.M., Chanson, J., Chenery, A.M., Csirke, J., Davidson, N.C., Dentener, F., Foster, M., Galli, A., Galloway, J.N., Genovesi, P., Gregory, R.D., Hockings, M.,
Kapos, V., Lamarque, J.-F., Leverington, F., Loh, J., McGeoch, M.A., McRae, L., Minasyan, A., Morcillo, M.H., Oldfield, T.E.E., Pauly, D., Quader, S., Revenga, C.,
Sauer, J.R., Skolnik, B., Spear, D., Stanwell-Smith, D., Stuart, S.N., Symes, A., Tierney, M., Tyrell, T.D., Vie, J.-C., Watson, R., 2010. Global biodiversity:
indicators of recent declines. Science 328, 1164e1168. https://doi.org/10.1126/science.1187512 (80-. ).

Byrom, A.E., Nkwabi, A.J.K., Metzger, K., Mduma, S.A.R., Forrester, G.J., Ruscoe, W.A., Reed, D.N., Bukombe, J., Mchetto, J., Sinclair, A.R.E., 2015. Anthropogenic
stressors influence small mammal communities in tropical East African savanna at multiple spatial scales. Wildl. Res. 42, 119e131. https://doi.org/10.
1071/WR14223.

Deshmukh, I.K., 1984. A common relationship between precipitation and grassland peak biomass for East and southern Africa. Afr. J. Ecol. 22, 181e186.
Ellis, E.C., Ramankutty, N., 2008. Putting people in the map: anthropogenic biomes of the world. Front. Ecol. Evol. 6, 439e447. https://doi.org/10.1890/

070062.
Engqvist, L., 2005. The mistreatment of covariate interaction terms in linear model analyses of behavioural and evolutionary ecology studies. Anim. Behav.

70, 967e971. https://doi.org/10.1016/j.anbehav.2005.01.016.
Epstein, W.W., Rowsemitt, C.N., Berger, P.J., Negus, N.C., 1986. Dynamics of 6-methoxybenzoxazolinone in winter wheat - effects of photoperiod and

temperature. J. Chem. Ecol. 12, 2011e2020. https://doi.org/10.1007/BF01041950.
Fiedler, L.A., 1988. Rodent problems in Africa. In: Prakash, I. (Ed.), Rodent Pest Management. CRC Press, Boca Raton, pp. 35e65.
Field, A.C., 1975. Seasonal changes in reproduction, diet and body composition of two equatorial rodents. East Afr. Wildl. J. 13, 221e235.

https://doi.org/10.1017/S0266467400001012
https://doi.org/10.1017/S0266467400001012
https://doi.org/10.1111/j.1749-4877.2007.00064.x
https://doi.org/10.1093/jmammal/gyv192
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.18637/jss.v067.i01
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref5
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref5
https://doi.org/10.1126/science.1187512
https://doi.org/10.1071/WR14223
https://doi.org/10.1071/WR14223
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref8
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref8
https://doi.org/10.1890/070062
https://doi.org/10.1890/070062
https://doi.org/10.1016/j.anbehav.2005.01.016
https://doi.org/10.1007/BF01041950
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref12
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref12
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref13
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref13


M. Mamba et al. / Global Ecology and Conservation 20 (2019) e00752 11
García-Berthou, E., 2001. On the misuse of residuals in ecology: testing regression residuals vs. the analysis of covariance. J. Anim. Ecol. 70, 708e711. https://
doi.org/10.1046/j.1365-2656.2001.00524.x.

Gheler-Costa, C., Sabino-Santos, G., Amorim, L.S., Rosalino, L.M., Figueiredo, L.T., Verdade, L.M., 2013. The effect of pre-harvest fire on the small mammal
assemblage in sugarcane fields. Agric. Ecosyst. Environ. 171, 85e89. https://doi.org/10.1016/j.agee.2013.03.016.

Hawlena, H., Abramsky, Z., Krasnov, B.R., 2006. Ectoparasites and age-dependent survival in a desert rodent. Oecologia 148, 30e39. https://doi.org/10.1007/
s00442-005-0345-4.

Hothorn, T., Bretz, F., Westfall, P., 2008. Simultaneous inference in general parametric models. Biom. J. 50, 346e363. https://doi.org/10.1002/bimj.
200810425.

Hulley, R., 2007. Sugar Association Annual Report. Mbabane.
Hurst, Z.M., McCleery, R.A., Collier, B.A., Fletcher, R.J., Silvy, N.J., Taylor, P.J., Monadjem, A., 2013. Dynamic edge effects in small mammal communities across

a conservation-agricultural interface in Swaziland. PLoS One 8. https://doi.org/10.1371/journal.pone.0074520.
Hurst, Z.M., McCleery, R.A., Collier, B.A., Silvy, N.J., Taylor, P.J., Monadjem, A., 2014. Linking changes in small mammal communities to ecosystem functions in

an agricultural landscape. Mamm. Biol. 79, 17e23. https://doi.org/10.1016/j.mambio.2013.08.008.
Kellner, K., 2018. JagsUI: a Wrapper Around “Rjags” to Streamline “JAGS” Analyses. R package version 1.5.0.
Kery, M., Schaub, M., 2012. Bayesian Population Analysis Using WinBUGS: a Hierarchical Perspective. Academic Press, Waltham, Massachusett.
Kingston, G., 2003. Ratooning and Ratoon Management in Overseas Cane-Sugar Industries (Queensland, Australia).
Koivula, M., Koskela, E., Mappes, T., Oksanen, T.O., 2003. Cost of reproduction in the wild: manipulation of reproductive effort in the bank vole. Ecology 84,

398e405.
Krebs, C.J., 2014. Ecological Methodology, third ed. Addison-Wesley Educational Publishers Inc, Menlo Park, California.
Krebs, C.J., 1999. Ecological Methodology. Benjamin-Cummings, Menlo Park, California.
Kuznetsova, A., Brockhoff, P.B., Christensen, R.H.B., 2017. lmerTest Package: tests in linear mixed effects models. J. Stat. Softw. 82, 1e26. https://doi.org/10.

18637/jss.v082.i13.
Lacher, T.E., Murphy, W.J., Rogan, J., Smith, A.T., Upham, N., 2016. Evolution, phylogeny, ecology, and conservation of the clade Glires: lagomorpha and

Rodentia. In: Wilson, D.E., Lacher, T.E., Mittermeier, R.A. (Eds.), Handbook of the Mammals of the World, vol 6. Lynx Edicions, Barcelona, Spain, pp.
15e29.

Leirs, H., Verhagen, R., Verheyen, W., Mwanjabe, P., Mbise, T., 1996a. Forecasting rodent outbreaks in Africa: an ecological basis for Mastomys control in
Tanzania. J. Appl. Ecol. 33, 937e943. https://doi.org/10.2307/2404675.

Leirs, H., Verheyen, W., 1995. Population Ecology of Mastomys Natalensis (Smith, 1938). Implications for Rodent Control in Africa. Belgian Administration for
Development Cooperation, Belgium.

Leirs, H., Verheyen, W., Verhagen, R., 1996b. Spatial patterns in Mastomys natalensis in Tanzania (rodentia, muridae). Mammalia 60, 545e555. https://doi.
org/10.1515/mamm.1996.60.4.545.

Linn, I.J., 1991. Influence of 6-methoxybenzoxazolinone and green vegetation on reproduction of the multimammate rat Mastomys coucha. S. Afr. J. Wildl.
Res. 21, 33e37.

Loggins, A., Monadjem, A., Kruger, L.M., Reichert, B.E., McCleery, R.A., 2019. Vegetation structure shapes small mammal communities in African savannas. J.
Mammal. 100, 243e252. https://doi.org/10.1093/jmammal/gyz100.

MacFadyen, D.N., Avenant, N.L., van der Merwe, M., Bredenkamp, G.J., 2012. The influence of fire on rodent abundance at the N ’washitshumbe enclosure
site, Kruger National Park, South Africa. Afr. Zool. 47, 138e146. https://doi.org/10.3377/004.047.0116.

Makundi, R.H., Massawe, A.W., Mulungu, L.S., 2007. Reproduction and population dynamics of Mastomys natalensis Smith, 1834 in an agricultural landscape
in the Western Usambara. Integr. Zool. 2, 233e238. https://doi.org/10.1111/j.1749-4877.2007.00063.x.

Makundi, R.H., Massawe, A.W., Mulungu, L.S., Katakweba, A., 2009. Species diversity and population dynamics of rodents in a farm fallow field mosaic
system in Central Tanzania. Afr. J. Ecol. 48, 313e320.

Makundi, R.H., Oguge, N., Mwanjabe, P.S., 1999. Rodent pest management in East Africaean ecological approach. In: Singleton, G.R., Hinds, L.A., Leirs, H.,
Zhang, Z. (Eds.), Ecologically Based Management of Rodent Pests, pp. 460e476.

McCleery, R., Monadjem, A., Baiser, B., Fletcher, R., Vickers, K., Kruger, L., 2018. Animal diversity declines with broad-scale homogenization of canopy cover
in African savannas. Biol. Conserv. 226, 54e62. https://doi.org/10.1016/j.biocon.2018.07.020.

Meester, J.A.J., Lloyd, C.N.V., Rowe Rowe, D.T., 1979. A note on the ecological role of Praomys natalensis. South Afr. J. Sci. 75, 183e184.
Mohammed, R., Bekele, A., Mundanthra, B., 2017. Species composition and pest status of rodents in Tendaho sugarcane plantation, Afar Region, Ethiopia.

Mamm. Study 42, 31e38. https://doi.org/10.3106/041.042.0103.
Monadjem, A., 1999a. Geographic distribution patterns of small mammals in Swaziland in relation to abiotic factors and human land-use activity. Biodivers.

Conserv. 8, 223e237. https://doi.org/10.1023/A:1008855902664.
Monadjem, A., 1999b. Population dynamics of Mus minutoides and Steatomys pratensis (Muridae: rodentia) in a subtropical grassland in Swaziland. Afr. J.

Ecol. 37, 202e210. https://doi.org/10.1046/j.1365-2028.1999.00169.x.
Monadjem, A., 1998. Reproductive biology, age structure, and diet of Mastomys natalensis (Muridae: rodentia) in a Swaziland grassland. Zeitschrift für

S€augetierkd. 63, 347e356.
Monadjem, A., 1997. Habitat preferences and biomasses of small mammals in Swaziland. Afr. J. Ecol. 35, 64e72. https://doi.org/10.1111/j.1365-2028.1997.

042-89042.x.
Monadjem, A., Perrin, M., 2003. Population fluctuations and community structure of small mammals in a Swaziland grassland over a three-year period. Afr.

Zool. 38, 127e137. https://doi.org/10.1080/15627020.2003.11657200.
Monadjem, A., Perrin, M., 1997. Population dynamics of Lemniscomys rosalia (Muridae: rodentia) in a Swaziland grassland: effects of food and fire. S. Afr. J.

Zool. 32, 129e135. https://doi.org/10.1080/02541858.1997.11448444.
Monadjem, A., Reside, A., 2008. The influence of riparian vegetation on the distribution and abundance of bats in an African savanna. Acta Chiropterol. 10,

339e348. https://doi.org/10.3161/150811008X414917.
Mulungu, L.S., Ngowo, V., Mdangi, M.E., Katakweba, A.S., Tesha, P., Mrosso, F.P., Mchomvu, M., Massawe, A.W., Monadjem, A., Kilonzo, B., 2015. Survival and

recruitment of the multimammate mouse, Mastomys natalensis ( Smith 1834 ), in a rice agro-ecosystem. Mammalia 80, 205e210. https://doi.org/10.
1515/mammalia-2014-0150.

Park, K.J., 2015. Mitigating the impacts of agriculture on biodiversity: bats and their potential role as bioindicators. Mamm. Biol. 80, 191e204. https://doi.
org/10.1016/j.mambio.2014.10.004.

R Core Development Team, 2016. A Language and Environment for Statistical Computing (Vienna, Austria).
Ramankutty, N., Foley, J.A., 1999. Estimating historical changes in global land cover: croplands from 1700 to 1992. Glob. Biogeochem. Cycles 13, 997e1027.

https://doi.org/10.1029/1999GB900046.
Reynolds, C., Fletcher, R.J., Celine, C.M., Jennings, N., Ke, A., LaScaleia, M.C., Lukhele, M.B., Mamba, M.L., Sibiya, M.D., Austin, J.D., Magagula, C.N., Mahlaba, T.,

Monadjem, A., Wisely, Samantha, Mccleery, R.A., 2017. Inconsistent effects of landscape heterogeneity and land-use on animal diversity in an agri-
cultural mosaic: a multi-scale and multi-taxon investigation. Landsc. Ecol. 33, 241e255. https://doi.org/10.1007/s10980-017-0595-7.

Rohas Bonzi, V., Carneiro, C.M., Wisely, S.M., Monadjem, A., McCleery, R.A., Gumbi, B., Austin, J.D., 2019. Comparative spatial genetic structure of two rodent
species in an agro-ecological landscape in southern Africa. Mamm. Biol. 97, 64e71. https://doi.org/10.1016/j.mambio.2019.05.001.

Rostron, H., 1975. An assessment of chemical ripening of sugarcane in South Africa and Eswatini. Proc. South Afr. Technol. Assoc. 9, 160e163.
Sikes, R.S., 2016. 2016 Guidelines of the American Society of Mammalogists for the use of wild mammals in research and education. J. Mammal. 97,

663e688. https://doi.org/10.1093/jmammal/gyw078.
Singleton, G.R., Belmain, S.R., Brown, P.R., Hardy, B., 2010. Rodent Outbreaks: Ecology and Impacts. International Rice Research Institute, Manila.

https://doi.org/10.1046/j.1365-2656.2001.00524.x
https://doi.org/10.1046/j.1365-2656.2001.00524.x
https://doi.org/10.1016/j.agee.2013.03.016
https://doi.org/10.1007/s00442-005-0345-4
https://doi.org/10.1007/s00442-005-0345-4
https://doi.org/10.1002/bimj.200810425
https://doi.org/10.1002/bimj.200810425
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref18
https://doi.org/10.1371/journal.pone.0074520
https://doi.org/10.1016/j.mambio.2013.08.008
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref21
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref22
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref23
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref24
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref24
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref24
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref25
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref26
https://doi.org/10.18637/jss.v082.i13
https://doi.org/10.18637/jss.v082.i13
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref28
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref28
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref28
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref28
https://doi.org/10.2307/2404675
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref30
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref30
https://doi.org/10.1515/mamm.1996.60.4.545
https://doi.org/10.1515/mamm.1996.60.4.545
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref32
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref32
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref32
https://doi.org/10.1093/jmammal/gyz100
https://doi.org/10.3377/004.047.0116
https://doi.org/10.1111/j.1749-4877.2007.00063.x
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref36
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref36
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref36
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref37
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref37
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref37
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref37
https://doi.org/10.1016/j.biocon.2018.07.020
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref39
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref39
https://doi.org/10.3106/041.042.0103
https://doi.org/10.1023/A:1008855902664
https://doi.org/10.1046/j.1365-2028.1999.00169.x
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref43
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref43
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref43
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref43
https://doi.org/10.1111/j.1365-2028.1997.042-89042.x
https://doi.org/10.1111/j.1365-2028.1997.042-89042.x
https://doi.org/10.1080/15627020.2003.11657200
https://doi.org/10.1080/02541858.1997.11448444
https://doi.org/10.3161/150811008X414917
https://doi.org/10.1515/mammalia-2014-0150
https://doi.org/10.1515/mammalia-2014-0150
https://doi.org/10.1016/j.mambio.2014.10.004
https://doi.org/10.1016/j.mambio.2014.10.004
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref50
https://doi.org/10.1029/1999GB900046
https://doi.org/10.1007/s10980-017-0595-7
https://doi.org/10.1016/j.mambio.2019.05.001
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref54
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref54
https://doi.org/10.1093/jmammal/gyw078
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref56


M. Mamba et al. / Global Ecology and Conservation 20 (2019) e0075212
Singleton, G.R., Sudarmaji, Jacob, J., Krebs, C.J., 2005. Integrated management to reduce rodent damage to lowland rice crops in Indonesia. Agric. Ecosyst.
Environ. 107, 75e82. https://doi.org/10.1016/j.agee.2004.09.010.

Smith, A., Schoeman, M.C., Keith, M., Erasmus, B.F.N., Monadjem, A., Moilanen, A., Di Minin, E., 2016. Synergistic effects of climate and land-use change on
representation of African bats in priority conservation areas. Ecol. Indicat. 69, 276e283. https://doi.org/10.1016/j.ecolind.2016.04.039.

Soto-Shoender, J.R., McCleery, R.A., Monadjem, A., Gwinn, D.C., 2018. The importance of grass cover for mammalian diversity and habitat associations in a
bush encroached savanna. Biol. Conserv. 221, 127e136. https://doi.org/10.1016/j.biocon.2018.02.028.

Telford, S.R., 1989. Population biology of the multimammate rat, Praomys (Mastomys natalensis) at Morogoro, Tanzania, 1981e1985. Bull. Fla. State Mus. Biol.
Sci. 34, 249e288.

Vibe-Petersen, S., Leirs, H., Bruyn, L. De, 2006. Effects of predation and dispersal on Mastomys natalensis population dynamics in Tanzanian maize fields. J.
Anim. Ecol. 75, 213e220. https://doi.org/10.1111/j.1365-2656.2006.01037.x.

Yarnell, R.W., Scott, D.M., Chimimba, C.T., Metcalfe, D.J., 2007. Untangling the roles of fire, grazing and rainfall on small mammal communities in grassland
ecosystems. Oecologia 154, 387e402. https://doi.org/10.1007/s00442-007-0841-9.

https://doi.org/10.1016/j.agee.2004.09.010
https://doi.org/10.1016/j.ecolind.2016.04.039
https://doi.org/10.1016/j.biocon.2018.02.028
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref60
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref60
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref60
http://refhub.elsevier.com/S2351-9894(19)30359-2/sref60
https://doi.org/10.1111/j.1365-2656.2006.01037.x
https://doi.org/10.1007/s00442-007-0841-9

	Influence of sugarcane plantations on the population dynamics and community structure of small mammals in a savanna-agricul ...
	1. Introduction
	2. Methods and materials
	2.1. Study area
	2.2. Study design
	2.3. Data collection
	2.4. Data analysis
	2.4.1. Analyses of communities
	2.4.2. Population density
	2.4.3. Survival analysis
	2.4.4. Body condition
	2.4.5. Breeding


	3. Results
	3.1. Influence of growth stages on community structure
	3.2. Population density
	3.3. Apparent survival analysis
	3.4. Body condition
	3.5. Breeding

	4. Discussion
	4.1. Community structure
	4.2. Population densities, survival and breeding

	Acknowledgements
	References


