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Abstract: Investigation of home ranges, sex ratio and
recruitment of the multimammate rat (Mastomys natalen-
sis) in semi-arid areas of Tanzania was conducted in maize
and fallow fields using the capture-mark-release (CMR)
technique. The aim of this study was to generate useful
data for the management of M. natalensis. The relative
home range size of M. natalensis was significantly higher
during the wet [544 m?+ 25 standard error (SE)] than dur-
ing the dry (447 m?>+ 18 SE) season, in males (521 m?+ 23 SE)
than in females (450 m?+17 SE) and in adults (576 m>+34
SE) than in juveniles (459 m?+ 16 SE). However, there were
no significant differences between habitats. Sex ratio was
not significantly different (p=0.44) between habitats.
Recruitment was significantly higher (p=0.000) in maize
fields (mean=0.43) than in fallow land (mean=0.32)
and differed significantly over time (p <0.0001) with the
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highest recruitment recorded from April to July and the
lowest from October to December. Management strate-
gies should focus on managing rodents inhabiting maize
fields using methods that affect their recruitment in order
to reduce the population increase of M. natalensis.

Keywords: habitats; home range; recruitment; rodent
pests; semi-arid.

Introduction

Rodent pests may have a severe impact on crop produc-
tion in many agro-ecosystems around the world (Mulungu
et al. 2003, Monadjem et al. 2011, John 2014). They are
also carriers of a variety of potentially deadly diseases
such as bubonic plague, hantaviruses, Lassa fever and
typhus (Taylor et al. 2008, Kernéis et al. 2009, Meerburg
et al. 2009, Neerinckx et al. 2010, Katakweba et al. 2012).
It has been reported that many rodent pest species show
large spatial and temporal fluctuations in their popula-
tion dynamics (Mulungu et al. 2013) and, as a result, most
of them exhibit striking population irruptions during and
immediately after years of high rainfall (Leirs et al. 1996,
Jaksic 2001, Meserve et al. 2003) because of increased
food resources (Lima et al. 2006, Mulungu et al. 2011).
Mastomys natalensis (Smith, 1834) is the most abundant
and dominant rodent pest species in sub-Saharan Africa,
and its outbreaks and impact to agriculture have been
reported by several studies (Leirs et al. 1996, Mulungu
et al. 2003, 2013).

Despite some knowledge of the seasonal changes in
population and breeding patterns (Mlyashimbi et al. 2019)
and diet (Mlyashimbi et al. 2018) of Mastomys natalensis
in maize agro-ecosystems in semi-arid areas of Tanza-
nia, their home ranges, sex ratio and recruitment within
this system are unknown. Home range is typically used
to assess the impact of habitat fragmentation on popula-
tions of small mammals (Gehring and Swihart 2004). In
addition, it has been used to test behavioral hypotheses
regarding cycles of population fluctuations in several
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small mammal species such as microtine rodents (Cutrera
et al. 2006). The home ranges of animals can shift in size
and position over time due to fluctuations in resources
and risk (Byrne and Chamberlain 2011). In deer mice
[Peromyscus maniculatus (Wagner, 1845)], for example,
the home range was smaller in areas when food was avail-
able, whereas in areas of poor food quality, it was larger.
In addition, many small mammals expand their home
ranges in the summer when food is in scarcity, also coin-
ciding with mating and recruitment (Cooney et al. 2015).

Mastomys spp. and Arvicanthis spp. have been
reported to have more overlap in home ranges between
opposite sexes (Taitt 1981) (Workneh et al. 2006). The
home ranges of reproductive females of Mastomys
natalensis were greater than those of non-reproductive
ones (Workneh et al. 2006). In West Java, for example, rice-
field rats [Rattus argentiventer (Robinson and Kloss, 1916)]
react to harvest-induced changes in habitat structure by
relocating their home ranges on average 300-400 m to
piles of rice straw on the fields and to unharvested areas.
This results in a postharvest decrease in home range size,
which may indicate an immediate response to increased
predation risk (Jacob et al. 2003).

It is believed that sex ratio reflects the ability of the
species to respond to natural selection (Wu et al. 2006).
A sex ratio of 1:1 is favored in polygamous species such
as Rattus rattus (Linnaeus, 1758) when food is abundant
while for Mus musculus the sex ratio differs from 1:1, with
a higher recorded capture of males (Wright et al. 1988).
Gomez et al. (2008) reported variation in the sex ratio in
the same species across different habitats and seasons
in different years in Argentina. This variation may be
an effect of the high density of individuals, which gen-
erates a system of hierarchies and where subordinate
males increase their area of activity during reproduction
(Hernandez-Betancourt et al. 2003). Males cover areas in
search of food sources or females with which to mate, but
are generally repelled by dominant males, which leads to
an increased probability of capture. This contrasts with
reproductive females whose area of activity is smaller
(Hernandez-Betancourt et al. 2003, Frynta et al. 2005),
especially during events such as pregnancy and lactation
(Mikesic and Drickamer 1992). Mastomys natalensis popu-
lations in single cropping areas can have a marked repro-
ductive seasonality (Leirs 1994); however, in semi-arid
areas of Tanzania, M. natalensis populations can exhibit
almost continuous breeding patterns (Mlyashimbi et al.
2018) due to optimal conditions for reproduction through-
out the year.

Another important parameter that determines popu-
lation outbreaks of rodents is recruitment, which can
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be defined as the temporal measure of the proportion of
new individuals brought into the population (Massawe
et al. 2005, Mulungu et al. 2015a). Recruitment can differ
between agro-ecosystems; for example, Mastomys natal-
ensis had higher recruitment rates in slash-and-burn com-
pared to tractor-ploughed maize fields (Massawe et al.
2005). Variations in reproductive activity, particularly
the onset and termination of the reproductive period, can
affect recruitment (Makundi et al. 2005) as well as interac-
tions between humans and rodents (Massawe et al. 2012).
The densities of Mastomys are usually higher at disturbed
areas, e.g. agricultural fields than in natural environ-
ments (Monadjem and Perrin 2003, Massawe et al. 2007,
Mohr et al. 2007) where the animals expand their home
range (Cooney et al. 2015) and alter their sex ratio (Gomez
et al. 2008).

Information on the home range, sex ratio and recruit-
ment of Mastomys natalensis in semi-arid areas of Tanza-
nia is limited; however, such knowledge is critical for the
control of rodent pest species as these factors determine
whether or not the level of control is sufficient to keep the
population of the pest low. The main (null) hypothesis in
this study was that the home range size of M. natalensis
would not be affected by habitat type, season, sex, and
age or population density. We furthermore hypothesized
that habitat type does not affect the sex ratio or recruit-
ment rate of M. natalensis. Results of this study can be
used to better inform management strategies.

Materials and methods

Location of the study

This study was conducted in Isimani division in Iringa
region, Tanzania. The study area is located between 7° 25
0.4” m S and 35° 48’ 12.6” m E at an elevation of between
1073 and 1356 m above sea level (Figure 1). It has a uni-
modal rainfall pattern with distinct dry and wet seasons.
The mean annual precipitation ranges from 200 to 750 mm/
year. It is characterized by low erratic rainfall and periodic
droughts giving it a characteristic semi-arid nature where
precipitation is below potential evapotranspiration.

The dry period at Isimani division is from May to
November, whereas the wet season is between December
and April. Land use consists of maize fields interspersed
with fallow land with soils varying from black clay and
sandy loamy soils. Maize is the primary crop which
reaches physiological maturity in May and is harvested in
July.
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Figure 1: Location of the study sites — Ismani division, Iringa region,
Tanzania.

Trapping rodent species

A capture-mark-recapture study was carried out from
February 2015 to January 2018. Four 60 m x 60 m trap-
ping grids of which the first two in maize fields (one in
clay soils and the other in sandy loamy soils) and the
other two in fallow land in similar soils as maize fields
were laid and set in famers’ fields and separated by at
least 300 m. This distance between grids is more than
20 times the average home range radius of Mastomys
natalensis (Leirs et al. 1996, Borremans et al. 2014).
Mastomys natalensis is the major rodent pest species
in the study area (Mlyashimbi et al. 2018). Each grid
consisted of seven parallel lines, 10 m apart, and seven
trapping stations per line (making a total of 49 trapping
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stations/grid). One Sherman LFA live trap (8 X9 x 23 cm,
H.B. ShermanTraps Inc., Tallahassee, FL, USA) was set
at each trapping station for three consecutive nights at
intervals of 4 weeks (i.e. a robust design with primary
trapping session every month and secondary trapping
session during 3 days within that month). Traps were
baited in the late afternoon with peanut butter mixed
with maize bran/flour and inspected early in the follow-
ing morning as described by Mulungu et al. (2011).

Data collection

Captured animals were identified to the species level
following the established taxonomic nomenclature
(Hickman et al. 2006). Data collected included rodent
species, weight, field and coordinates of the trapping
station, animal marking code, sex age (adult and juvenile)
and reproductive status, i.e. perforated or closed vagina
for female, and scrotal or non-scrotal testes for male (Leirs
1994).

Data analysis
Home range size

Home ranges were calculated based on capture-mark-
release (CMR) data for all animals that were captured at
more than one primary trapping session (for an overview
on the number of primary and secondary captures, refer
to Supplementary Figure 1). These animals were consid-
ered to be resident (in contrast to animals that were only
captured during one secondary trapping session) and
were therefore of primary interest for our statistical analy-
sis. Home range size was calculated using the minimum
convex polygon method (MCP) with an inclusive bound-
ary strip of 5 m (Borremans et al. 2014). Although previ-
ous studies have shown that MCP underestimates the true
home range size of Mastomys natalensis (especially if they
are captured only a few times), this was not of concern in
our study as we were only interested in the relative dif-
ferences (Leirs et al. 1997). By using a linear model, we
investigated if there were significant differences in the
relative home range size between habitats (clay-fallow,
clay-maize, loamy-fallow, loamy-maize); seasons (dry,
wet); sex (male, female) and reproductive status (adult,
juvenile). Home range size data were log transformed in
order to meet the assumption of normality. The R pack-
ages “adehabitatHR”, “dplyr” and “ggplot2” were used
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for this analysis (Calenge 2006, Wickham 2009, Wickham
et al. 2018).

Sex ratio

Variation in sex ratio was determined in both habitats and
for different months. In this study, sex ratio is defined as
the proportion of females in the whole population and
was done in favor of females. Male rodents were ignored
as they can be active throughout the season and one male
can encounter many females in one season. The data were
subjected to SAS software (SAS Institute Inc., Cary, NC,
USA, 1997) where habitats and months were factors. The
means separation was done using the Tukey post-hoc test
to determine the significant difference of means between
habitats and months.

Recruitment

The number of new animals (unmarked) out of the total
captures for each trapping session was used to establish
the proportion of new recruits into the population. The
proportions of new individuals of Mastomys natalen-
sis were compared between months and habitats, and
data were subjected to a two-way analysis of variance
(ANOVA) using SAS software (1997). The means separa-
tion was done using the Tukey post-hoc test to determine
the significant difference of means between habitats and
months.

Results

Home ranges of Mastomys natalensis

The relative home range size of Mastomys natalensis was
significantly higher during the wet than during the dry
season [544 m?+ 25 standard error (SE) and 447 m?+18
SE, n,,=287 and n, =394, respectively; y’=1.9,
df=1, p=0.0150] (Figure 2), in males than in females
(521 m?+23 SE and 450 m’+17 SE, n_, =360 and
n, ..=321, respectively; x*=4.5, df=1, p=0.0367) and
in adults than in juveniles (576 m?+ 34 SE and 459 m?+ 16
SE; ny,,=168 and n . =513, respectively; y*=8.5,
df=1, p=0.0032). Differences between the categories
and their interactions are presented in the Supplemen-
tary Figures 2-4. No significant differences were found
between habitats (x?=5.1, df =3, p=0.1808 (Figure 2).
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Figure 2: Mean (£SE) relative home range size of Mastomys
natalensis as per habitat and season calculated by the minimum
convex polygon method.

Bars indicate standard errors on the means. Numbers on top of the
error bars represent the sample size of each group.

Sex ratio

Statistically, there was no difference (FL 1o =059, p=0.44)
between habitats, whereby a relatively higher proportion
of female Mastomys natalensis were observed in the maize
field (mean, 0.42, n=311) than in fallow land (mean, 0.39,
n=413) (Figure 3). No differences (Fu, =172, p=0.08)
in sex ratio of M. natalensis were found on the interac-
tions between months and habitats. However, there
was a significant effect (Fu, 1, =2.01, p=0.0334) across
months, whereby the highest number of M. natalensis
was recorded in April (mean=0.59+0.06, n=48) and the
lowest in September and October (mean=0.280.06,
n=66), respectively.

Recruitment

Recruitment was significantly different (Fl‘ o= 1434,
p=0.0002) between habitats, whereby a higher propor-
tion of Mastomys natalensis was recorded in maize fields
(mean=0.43, n=764) than in fallow land (mean=0.32,
n=1018) (Figure 4). A significant effect (Fn’ 1o =10.17,
p<0.0001) was also observed across the months, with
the highest recruitment of M. natalensis recorded from
April to July, and the lowest from September to Decem-
ber. However, there was no significant difference
(Fu, w=172,p= 0.077) in the interaction between months
and fields.
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Figure 3: Mean (£SE) sex ratio of Mastomys natalensis captured in the study site of Isimani division, Iringa, Tanzania
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Figure 4: Mean (£SE) recruitment of M. natalensis observed in the study site of Isimani division, Iringa, Tanzania.

Discussion

The home range of animals is a spatial measure that rep-
resents the area in which individuals regularly move in
search of resources and mates (Cooney et al. 2015) and
caring for young (Cutrera et al. 2006). The current study
found no difference in the home range size of Mastomys
natalensis between habitat types (maize fields and fallow
lands). These results are consistent with those found in
previous studies on M. natalensis in rice fields, maize

and fallow lands (Leirs et al. 1996, Monadjem and Perrin
1998, Borremans et al. 2014, Mulungu et al. 2015b). This
suggests that M. natalensis can easily reside in different
habitat types.

In the current study, larger home ranges of Mastomys
natalensis were observed during the wet season (plenty of
food) than during the dry season (food scarcity). In con-
trast, it has been reported that the home ranges of animals
can be smaller in areas where food was available, while
it was larger in areas of low food availability (Workneh
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et al. 2006). Besides food availability, it is known that
many small mammals expand their home ranges during
the reproductive period (Cooney et al. 2015). In this study,
most M. natalensis were at the peak of their breeding
during the wet season in April to July (Mlyashimbi et al.
2019), which would support a home range expansion in
response to recruitment. In general, home range size of
M. natalensis in the current study was influenced by sex
and breeding period, and partly by population density.
During the wet season, the sex ratio of M. natalensis
became skewed toward females in April (with long rains)
and skewed toward males during the dry period in Sep-
tember and October in both habitats. This could be due
to reproductive activity of females during the wet season
when they tend to search food and males for mating
(Mlyashimbi et al. 2019). This could also be observed by
the higher number of recruitment during the dry season,
leading to intense intra-specific competition and larger
home ranges for males (Mulungu et al. 2013).

The current study also found larger home range sizes
for male than female Mastomys natalensis. This could
be attributed to the sexual competition among them to
succeed in mating. Similar findings by Workneh et al.
(2006) reported that reproductively active males maintain
larger home ranges than females because they have to eat
more food to acquire more energy for mating success. In
small mammals, males typically have home ranges that
can be twice as large as those of females, and their ranges
overlap extensively with females and other males (Stickel
1954). Males compete for mates whilst females seek oppor-
tunities for their young to reach reproductive maturity
(West and Godfray 1997). While males maximize their
reproductive success by mating with as many females
as possible (Wolff et al. 2002), females typically provide
greater parental investment than males, which results in
differential use of space and alters the distribution of male
reproductive success after a period of exceptional recruit-
ment. Several studies have observed that new recruits
reproduced, and exhibit different spacing patterns, due
to age-specific life history trade-offs or interactions with
conspecifics (Hannon and Martin 2006, Hoset et al. 2008,
Welsh et al. 2013, Shaner et al. 2017). According to Wolff
et al. (2002), females have a greater negative effect on
juvenile recruitment and reproductive development than
do males. Moreover, sex ratio is the result of female repro-
ductive strategy, specifically whether she mates once
upon becoming reproductively active or continuously
throughout her reproductive life.

The current study showed larger home ranges for adult
Mastomys natalensis when compared to juveniles. This
could be due to the fact that the juveniles are limited in
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their exploratory behavior due to aggressiveness of older
individuals, hence affecting the sex ratio and recruitment
of M. natalensis. In similar findings by Eiris and Barreto
(2009), younger individuals are limited to explore new
territories due to aggression by older or more dominant
animals. The relative fitness of juveniles could be affected
by several factors such as environmental conditions,
maternal age or reproductive strategy resulting in obscure
sex ratio bias patterns. According to Martin and Festa-
Bianchet (2011), offspring sex ratio manipulation was an
adaptive response to differences in fitness between sons
and daughters. Changes in that sex-specific fitness with
maternal state should lead to variation in sex ratio bias.

The variations in home ranges, sex ratio and recruit-
ment observed in the current study site are likely to be
mediated by intra-specific competition for food in maize
fields and/or refuge in fallow land. According to Mulungu
et al. (2011), availability of high-quality food is arguably the
most important parameter affecting rodent recruitment in
maize/fallow mosaic habitats. In the current study site, the
highest recruitment was observed during the wet season in
April to May. Mulungu et al. (2011, 2015b) observed higher
recruitment in rice fields, related to the presence of high-
quality food that is preferred by Mastomys natalensis.
Rodents can adjust to the cropping system, establishing
during the initial period of the crop and breeding during
crop growing period, and are capable of rapid population
growth and emigration after crop harvest, depending upon
food availability (Sarwar et al. 2011).

Conclusion

Based on this study, we demonstrated that home range,
sex ratio and recruitment rates of Mastomys natalensis
differed with seasons and months. Home ranges were
observed to be higher during the wet than dry seasons, in
males than in females and in adults than juveniles. Sex
ratio and recruitment rates were observed to be higher
in maize fields than in fallow lands. The highest recruit-
ment was observed in April to May that sustained higher
densities of rodent due to the presence of high quality of
food that is preferred by M. natalensis. The implications of
these findings in terms of management in semi-arid areas
should aim at rodent pest species inhabiting maize fields
using methods that disturb their recruitment in order to
reduce population increase of M. natalensis. Unfortu-
nately, most farmers apply rodent control actions after
serious crop damage is observed, which our results would
suggest is too late to have any meaningful impact on crop
losses. Rodent pest management must be done before

Brought to you by | provisional account
Unauthenticated
Download Date | 12/20/19 11:44 AM



DE GRUYTER

substantial recruitment takes place, and this will require
concerted efforts to raise the awareness and knowledge of
farmers on the importance of and tools for early monitor-
ing and management of rodent pests.
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