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We investigated the composition of the diet of the multi-mammate mouse, Mastomys natalensis, within irrigated rice and
fallow field habitats at set time periods related to rice crop growth stages. In both habitats, vegetative plant material, i.e.
leaves, stems and seeds, were the most abundant components of the rodent’s diet, while other food types (invertebrates,
fruits) were observed only in low quantities. We conclude that vegetative plant material and seeds were the main types of
food consumed not only due to their relatively higher abundance in the environments under study but also because of the
highly specialised herbivorous/granivorous nature of the dominant rodent species, M. natalensis. Thus, the introduction
and expansion of continuous rice-cropping using irrigation in Tanzania is likely to be severely constrained by the presence
of M. natalensis. In our opinion, field hygiene, including the removal of alternative food resources and nesting sites for M.
natalensis near cropping areas, may help to both lower rodent population numbers and reduce immigration potential. Non-
chemical rodent control methods such as trap barrier systems developed for lowland irrigated rice in south-eastern Asia
should, we argue, be evaluated for their effectiveness under African conditions.
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1. Introduction

Rodents are important agricultural pests due to the eco-
nomic losses they cause in agriculture and their role as
reservoirs of human and animal diseases (Meerburg, Sin-
gleton, & Kijlstra 2009; Makundi & Massawe 2011). Esti-
mates of annual crop loss and post-harvest contamination
by rodents in Africa suggest an extra 200 million people
could be fed if such losses could be prevented (Meerburg,
Singleton, & Leirs 2009). Farmers often view rodent
losses as uncontrollable due to the frequent failure of
management activities, particularly in developing coun-
tries, which lead to apathy, acquiescence and acceptance
of rodent pests in the environment (Posamentier 1997,
Singleton et al. 1999; Mwanjabe et al. 2002; Brown et al.
2008). Rapid rodent population expansion caused by
biotic and abiotic phenomena has repeatedly led to rodent
outbreaks and total crop destruction in many parts of the
world (Singleton et al. 2010).

In Tanzania and sub-Saharan Africa, a large propor-
tion of potential crop yield is lost to rodents (Makundi &
Massawe 2011). The multi-mammate mouse (Mastomys
natalensis Smith) is the most abundant and important
rodent pest of field crops across eastern and southern
Africa and constitutes the greatest threat to crops in the
region (Massawe et al. 2011; Mulungu et al. 2013). Like
many rodent species M. natalensis demonstrates feeding
preferences for high-energy resources such as seeds, and

together with its natural adaptation to savannah grass-
lands, the species predominates in agricultural landscapes
where cereals are grown across south-eastern Africa. The
annual breeding pattern of M. natalensis in Tanzania is
reported to be directly linked to rainfall patterns in maize-
dominated cropping and farm-fallow mosaic landscapes
consisting of a fragmented patch-work of natural, semi-
natural and low-input cropping/grazing habitats (Leirs
et al. 1989; Workneh et al. 2004). Seasonal variation in
the onset of rains affecting vegetative productivity has
been shown to trigger M. natalensis breeding (Leirs et al.
1994), whilst Mulungu et al. (2011) and Odhiambo et al.
(2008) have shown that M. natalensis is an opportunistic
feeder consuming a variety of food types (invertebrates,
wild grass seeds, vegetative plant material, fruits, cereal
grain crops) dependent upon availability, habitat and
season.

Sicard and Fuminier (1996) reported that reproduction
by Mastomys huberti is continuous in wild habitats where
food is available throughout the year, whilst a similar spe-
cies, Mastomys erythroleucus, seasonally reproduces in
wild habitats where food is seasonally available (e.g.
semi-arid habitats). Semi-arid natural habitats where food
is seasonally differential appear to drive reproductive
cycles for many sylvatic rodent species (Leirs et al. 1996).
Similarly, the seasonality of crop production can drive
rodent breeding; for example, Duque et al. (2005)
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observed that the onset of breeding in Rattus tanezumi
Temminck is linked to specific developmental stages of
the rice crop.

In irrigated rice cropping systems in Tanzania, breed-
ing of M. natalensis occurs throughout the year (Mulungu
et al. 2013), where food and water availability is not lim-
ited due to seasonal variations. However, little is known
about the food preferences of M. natalensis within this
continuous rice production area and whether/which foods
may influence breeding. Understanding what potentially
triggers breeding in M. natalensis and its food preferences
in such habitats could serve as potential tools for planning
and developing management strategies for the pest
(Singleton 2002). Therefore, the aim of the study is to
establish the dietary categories that may contribute to the
observed continuous breeding of M. natalensis at different
stages of rice growth over time in irrigated rice systems
found in eastern Tanzania.

2. Materials and methods
2.1. Study area

This study was conducted at Hembeti village (06°16'S,
37°31'E), in Mvomero District, Tanzania. The study area
has a bimodal rainfall pattern with a short rainy season
from October to December and long rainy season from
March to June. Farmers in the study area produce two rice
crops per year. The first cropping season is during the wet
season from January to June and the second crop is grown
during the dry season from July to December, exclusively
under irrigation (Table 1). For wet and dry seasons,
respectively, land preparation and rice transplanting are
done in January and July, the rice booting stage is in April
and October, and the rice crop reaches physiological
maturity in May and November, and farmers harvest in
June and December.

2.2. Trapping of rodents

A removal study was carried out from June 2010 to May
2012. Two 70 x 70 m permanent trapping grids were
established (one in a rice field and the other in a fallow
field which had not been used for over a year or more).
The distance between rice and fallow grids was approxi-
mately 300 m. The total local area suitable for rice culti-
vation is approximately 500 ha. The area planted with rice

Table 1. Farmers’ cropping calendar for rice production in the
study area.

Season
Rice crop
growth stage Wet Dry
Transplanting January July
Vegetative February—March August—September
Booting April October
Harvesting May-June November—December

during the study period was approximately 350 ha with
approximately 150 ha of fallow fields. Each grid consisted
of seven parallel lines, 10 m apart, with seven trapping
stations per line, also 10 m apart, making a total of 49
trapping stations per grid. One Sherman LFA live trap
(8 x 9 x 23 cm, H.B. Sherman Traps Inc., Tallahassee,
FL) or Victor kill trap (1.0 x 20.3 x 30.1 cm, Animal
Trap Co., Lititz Pennal) was used per station, with trap
type alternating. A total of 25 kill traps and 24 live traps,
baited with peanut butter mixed with maize bran/flour,
were placed at alternate stations and set for three consecu-
tive nights at intervals of four weeks. Traps were placed
in the afternoon and inspected the following morning.
During flooding, the traps were placed on top of dried
grass mounds in the same grid locations.

2.3.  Processing of captured animals

All the captured animals were taken to the field labora-
tory, sexed and identified to species level as described
by Kingdon (1997). Live animals were sacrificed and
killed humanely according to regulations set out by the
government of the Republic of Tanzania and interna-
tional bodies, and all captured specimens were dissected
to remove their stomachs. Individual stomachs were
labelled and preserved in containers (20 ml, glass bottle,
HiSupplier®.com) containing 70% ethanol. The analysis
of stomach contents was carried out in a laboratory by
removing and evenly spreading the contents of each
stomach in a Petridish (65 mm in size, Tools and Car-
bide Plastics (Pty) Ltd.) and categorised using a binocu-
lar dissecting microscope under 25x and 50X
magnification as described by Smith et al. (2002). The
contents were identified and sorted out into the follow-
ing categories: seeds, fruits, vegetative plant materials
(roots, stems and leaves), invertebrates, animal hairs and
other unidentified matter. Lugol’s iodine solution was
used to confirm the presence of seed starch (Smith et al.
2002).

2.4. Diet analysis

Food categories were quantified as described by Smith
et al. (2002), where the average percentage volume (PV,
the contribution of each item to the volume of the particu-
lar stomach content) was estimated to the nearest 10%,
with an additional category of 5% where an item was
present but contributed <10% to the stomach content vol-
ume. Diet variety was the number of dietary items
recorded per individual, and diet diversity was calculated
according to Ebersole and Wilson (1980) as Levins’ index
(Levins 1968) as

1
>
where P (= PV) is the percentage value of each of the diet
category. Levins’ index ranges from 1 to n (n = total num-

ber of food item categories) and was used to calculate sea-
sonal samples of M. natalensis. Diversity was
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standardised to a scale of 0—1 using Hurlbert’s method
(Krebs 1989):

where B, is Levins’ standardised niche breadth, B is Lev-
ins’ measure of niche breadth, and # is the number of pos-
sible resource states.

The combination of PV and percentage contribution
(PC; percentage of the total number of stomachs in which
a particular food item has been detected) was used to cal-
culate an importance value (IV = PV x PC/100) for each
dietary item (Cooper & Skinner 1978). The relative
importance (RI) value of a particular item was taken as
the importance value of that item expressed as an average
percentage of the sum of the importance values for all
items (100 x IV/PIV).

3. Results
3.1. Percentage occurrence

A total of 220 stomachs of M. natalensis were collected
from rice fields (28 during transplanting, 94 during the
vegetative stage, 74 during booting and 24 during matu-
rity/harvesting). Likewise 253 stomachs were obtained
from fallow fields (62 during transplanting, 84 during the
vegetative stage, 67 during booting and 40 during matu-
rity/harvesting). After analysing the contents it was found
that vegetative plant materials, i.e. leaves/stems, and seeds
predominated in the diet of M. natalensis in both habitats
and across all growth stages of the crop (Figure 1). Other
food categories comprised 21-50% of the diet in both
habitats and crop growth stages (Figure 1). An analysis of
variance using the explanatory variables of habitat (rice,
fallow) and season (transplanting, vegetative, booting,
harvesting) indicated that there were no significant differ-
ences in the proportion of the different stomach compo-
nents (leaves/stems, seeds, fruits, invertebrates, hairs,
other) of rodents captured across the two habitats
(ANOVA, F = 0.44, P > 0.05). However, there were
some differences according to season where the analysis
of variance showed that rodents consumed more leaves
and stems during the booting and vegetative stages
(>83%) in comparison to the harvesting stage (<45%,
ANOVA with LSD, F = 3.68, P < 0.01). The percentage
of seeds, fruits, invertebrates and other materials found in
the stomachs did not significantly vary across the crop
stages, and there were no interactive effects between habi-
tat and season (P > 0.05). A large percentage of the food
material (67-70%) was unidentified due to the digestive
process and categorised as ‘other’.

3.2. Percentage contribution

Leaves/stems and seeds comprised 20-30% of the diet of
M. natalensis in both habitats and all crop growth stages
of the crop (<15% and <30%, respectively) (Figure 2).
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Invertebrates and unidentified matter also substantially
contributed to diet in both habitats and all stages of crop
growth (Figure 2). Other food categories comprised less
than 10% of the diet in both habitats and all stages of crop
growth (Figure 2).

3.3.  Relative importance

Leaves/stems and seeds were more important than other
food categories in the diet of M. natalensis in both habitats
and all crop growth stages (Figure 3). Vegetative material
had an RI value of >7% in both habitats and across all
crop stages, whilst seeds were >15% in both habitats at
the booting stage. Other food categories had RI values
below 5% across both habitats and all growth stages of
the crop (Figure 3).

3.4. Niche breadth

In the study area, food diversity was lowest during the
booting stage in the rice field and during harvest in the fal-
low land. During these periods, rice completely domi-
nated the diet of M. natalensis (Table 2). Food diversity
was highest within rice fields during harvesting and within
fallow lands during rice transplanting (Table 2).

4. Discussion

This study shows that M. natalensis feeds on all food cate-
gories investigated but largely depends on vegetative
plant material and seeds. Such observations are consistent
with other reports from similar studies (Monadjem & Per-
rin 1998; Odhiambo et al. 2008; Mulungu et al. 2011). It
has been reported that dietary information is essential for
understanding breeding activities of rodents (Field 1975;
Leirs & Verheyen 1995; Monadjem 1998). According to
Leirs and Verheyen (1995) and Field (1975), seeds are an
important food category during the breeding season and
are required to meet the high energy needs of a reproduc-
ing organism. In Swaziland, both seeds and invertebrates
have been shown to increase in the diet of M. natalensis
during breeding seasons (Monadjem 1998). Such observa-
tions are consistent with the findings in the current study
where seeds comprise substantial proportions of the diet
of M. natalensis in both habitats during all growth stages
of the rice crop.

Some studies have reported that the presence of sec-
ondary plant compounds in vegetative plant material con-
sumed by rodents may trigger reproduction and influence
growth (Jung & Batzli 1981; Linn 1991; Neal 1996;
White & Bernard 1996). The large amounts of plant mate-
rials found in the stomachs of M. natalensis observed in
the current study could support this hypothesis, particu-
larly as the rodents in our study ate vegetative material
continuously and bred year-round. It has been reported
that forage preference in microtines is enforced by the
presence of secondary plant compounds that influence
growth (Jung & Batzli 1981). It is also known that plant
phenolics possess oestrogenic activity (Biggers 1959).
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Figure 1. Mean (£sem) percentage volume of food items in stomachs of Mastomys natalensis in (a) rice fields and (b) fallow fields
over the rice cropping season.
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Figure 2. Mean (+sem) percentage contribution of the observed dietary components found in stomachs of Mastomys natalensis in (a)
rice fields and (b) fallow fields.
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Figure 3. Mean (+sem) relative importance of the observed dietary components found in stomachs of Mastomys natalensis captured
in (a) rice fields and (b) fallow fields.

Similarly, it has been reported that the phytohormone gib- and acts as a trigger for reproduction in several rodents
berellic acid has a similar action in Mus musculus (Olsen (Negus & Berger 1987; Korn 1989).
1981). Another chemical, 6-methoxy-2-benzoxazolinone, In view of these findings and the fact that seeds and

is reportedly present in large quantities in sprouting grass vegetative plant material comprised the largest
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Table 2. Levins’ index for food diversity (+ sd)' from two hab-
itats and different crop growth stages of the rice crop.

Habitats
Rice growth stages Rice field Fallow land
Transplanting 0.60 + 0.12 0.61 £0.20
Vegetative 0.54 +£0.16 0.53 +0.17
Booting 0.30 £0.14 0.52 £0.22
Harvesting 0.73 £ 0.16 0.41 £0.26

"Index scale ranges from 0 to 1, where 1 is the highest diversity and 0 is
the lowest diversity.

proportions of the diet of M. natalensis in the current
study, it is likely that the consumption of these food cate-
gories help facilitate breeding of this rodent species in the
two habitats surveyed. Taylor and Green (1976) observed
that Arvicanthis niloticus begins breeding some two to
three months after the start of rains and that weed seeds
first appeared in the stomach contents at the same time.
However, A. niloticus bred almost continuously when liv-
ing in an area where cereals were grown (Taylor & Green
1976). According to Leirs and Verheyen (1995), M. nata-
lensis also breeds when seeds and cereals are plentiful.
Unseasonal reproduction in M. natalensis has been
observed during an unseasonal wheat crop (Taylor &
Green 1976).

In our study, M. natalensis consumed mainly vegeta-
tive plant materials and seeds, regardless of habitat or
crop growth stage. Variation in diet mostly existed in
niche breadth, which is probably attributable to the rela-
tive availability of resources. Narrow niche breadth
observed during the booting stage, for example, suggests
availability of fewer food categories in the rice fields. In
contrast, the wider niche breadth in other crop growth
stages and habitats potentially demonstrates the opportu-
nistic and generalist feeding habits of M. natalensis, par-
ticularly when vegetative plant materials and seeds were
not adequately available in the area.

It can be concluded on the basis of this study that rice
cultivation through irrigation can generate excess food
and cover, which in turn, facilitates extended breeding
seasons for M. natalensis, generating unusually large
numbers of rodent pests. Such an agricultural system pro-
vides green grasses and seeds, consequently triggering
rodent breeding. The study confirms that M. natalensis is
both granivorous and herbivorous, suggesting their man-
agement should be timed when both seeds and vegetative
plant material are not available within the targeted area.
Non-chemical rodent control methods such as trap barrier
systems developed for lowland irrigated rice in south-east-
ern Asia should be evaluated for their effectiveness under
African conditions (Singleton 2002).
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