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Abstract

BACKGROUND: Multimammate mice are the most important vertebrate pests in Sub-Saharan Africa and are also reservoirs of
many zoonotic diseases, including sylvan plague. This study investigated the population dynamics and breeding patterns of
this mouse in irrigated rice cropping systems in eastern Tanzania.

RESULTS: The multimammate mouse, Mastomys natalensis, population varied with habitat and months. Fallow land had a more
abundant population than rice fields. The highest population peak was observed during the dry season from July to October.
Mastomys natalensis is sexually active throughout the year in the study area, although it reaches the highest level in June and
December when rice is at the maturity stage. This suggests that breeding is highly influenced by the presence of a rice crop in
both seasons. More juvenile individuals were recorded in August and September, indicating that they were produced in the
previous breeding months. The sex ratio of M. natalensis was not skewed to either males or females, indicating that it was at
parity.

CONCLUSION: Rodent population dynamics during the study periods in all habitats indicated that high birth rates accounted
for the rapid population growth and turnover. Regular control and sustainable operations are thus essential if rodent pest
populations are to be kept within tolerable limits.
c© 2012 Society of Chemical Industry
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1 INTRODUCTION
Rice (Oryza sativa L.) is the most important cereal grown in
countries of Eastern and Central Africa.1,2 It provides about 80% of
the energy intake worldwide.3 In general, Africa’s rice production
has been increasing slowly, but not at pace with the rapid rise in
its consumption, and thus there has been a very steep increase
in imports of the crop.4 In Tanzania, for example, rice production
has increased gradually owing to expansions of farming areas;
however, yields have not increased correspondingly.5 Factors
responsible for this worrying situation are several and complex,
but one of the most important ones is food loss due to crop pests,
including rodents. Rodents cause significant damage to crops6 – 10

both at pre- and post-harvest stages.11,12 Their outbreaks in rice
crops in Asia have caused severe losses and widespread food
shortages.13,14

In Tanzania, over the past 7 years, extension agents in rice-
growing districts have reported significant rodent problems
(Ngowo V, Rodent Control Centre, Morogoro, private communica-
tion). In 2004, for example, there was an outbreak of M. natalensis
populations in irrigated lowland rice fields in Mvomero District,

Morogoro region, Tanzania.15 Little, however, is known about
the population dynamics and breeding patterns of M. natalensis
as a major rodent pest species in rice agroecosystems in the
country. The occurrence of rodent outbreaks in maize-dominated
mosaic habitats in Tanzania is reportedly influenced by rainfall
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pattern.16,17 Rodents breed during the long rains; breeding usu-
ally starts 1 month after the usual peak rainfall, lasting until the
dry season.17 Neonates grow slowly and normally do not mature
before the next rainy period. Unless abundant rains occur before
March and April the following year, they will be at least 6 months
old before they begin to breed.17 However, if the short rains
are abundant, subadults do mature and may breed as early as
January. Neonates in such early breeding seasons grow quickly
and mature in their third month, starting to breed during the
main breeding period. This additional generation allows the de-
velopment of high population densities later in the year.18 This
situation, however, could be different in irrigated rice agroecosys-
tems where water and food are not limiting factors. Sicard and
Fuminier19 reported that, in habitat where food is available all the
year around, the reproduction of M. hubert is continuous. The aim
of this study, therefore, was to investigate the population dynam-
ics and breeding patterns of M. natalensis in rice agroecosystems
in the country.

2 MATERIALS AND METHODS
2.1 Study area
This study was conducted at Hembeti village (06◦ 16′ S, 37◦ 31′ E)
in Mvomero District, Morogoro, Tanzania (Fig. 1). The study area
has a bimodal rainfall pattern in which short rains fall from October
to December and long rains from March to June. Farmers in the
study area produce rice crop twice per year. The first cropping
calendar is in the wet season from January to June, and the second
is in the dry season from July to December. The latter purely
depends on irrigation. Land preparation and rice transplanting
are done in January and July during the wet and dry seasons
respectively. Rice crops reach physiological maturity in May and
November, and farmers harvest in June and December for wet
and dry cropping seasons respectively. The booting stage is in
April and October for wet and dry seasons respectively. The rest

of the period (February and March for wet the season and August
and September for the dry season) is a vegetative crop growth
stage.

2.2 Trapping rodents
A capture–mark–recapture study was carried out from June 2010
to December 2011. Four 70×70 m permanent trapping grids (two
in rice fields and the other two in fallow mosaics) were established.
The most common vegetation species found in fallow land and rice
fields are listed in Table 1. Each grid consisted of seven parallel lines,
10 m apart, and seven trapping stations per line, also 10 m apart
(a total of 49 trapping stations grid−1). One Sherman LFA live trap
(8×9×23 cm; H.B. Sherman Traps Inc., Tallahassee, FL) was placed
at each trapping station, and all were set for three consecutive
nights at intervals of 4 weeks. Traps baited with peanut butter
mixed with maize bran/maize flour were placed in the afternoon
and inspected in the morning. During flooding, the traps were
placed above dried grasses within the rice crop. The experimental
design was a repeated-measures test. The source of variations
included: replications, months representing rice growth stages
(transplanting, vegetative and physiological maturity), habitats
(rice and fallow fields) and the interaction of months and habitats.
The effect of months was tested using main plot error, while that of
the habitats and interaction was tested using experimental error.

2.3 Captured animals
All the captured animals were taken to the field laboratory
and identified to species level.20 On the first day of capture,
all the captured animals were marked by toe clipping using
specific number coding. Their weights, trapping stations, sex and
reproductive statuses were recorded. The sex and reproductive
conditions considered included both males and females (either a
perforated or closed vagina in females and scrotal or non-scrotal
testes in males). The animals were then released at the same

Figure 1. Map of Mvomero District, showing the location of the study area.
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Table 1. Common weed species encountered in the study area

Common name Scientific name Family name

Fallow land
Black jack Bidens pilosa Compositae

Elephant grass Pennistum purpureum Gramineae

Guatemala grass Tripsacum luxum Gramineae

Nut grass, water grass Cyperus rotundus Cyperaceae

Cypperus esculentus Cyperaceae

Star grass, couch grass Cynodon dactylon Gramineae

Digitaria scalarum Gramineae

Imperata cylindrica Gramineae

Water velvet Azola africana Salviniaceae

Rice field
Black jack Bidens pilosa Compositae

Chick weed Stellaria media Caryophyllaceae

Creeping sedge, water grass Kyllinga erecta Cyperaceae

Goat weed Ageratum conynzoides Compositae

Oxalis Oxalis latifolia Oxalidaceae

Nut grass, water grass Cyperus rotundus Cyperaceae

Cyperus esculentus Cyperaceae

Pig weed Amaranthus hybridas. Amaranthaceae

Star grass, couch grass Cynodon dactylon Gramineae

Spiny pig weed Amaranthus spinosus Amaranthaceae

Water velvet Azola africana Salviniaceae

Wild finger millet Eliusine indica L Gramineae

Wild rice Oryza barthii Gramineae

station of capture. The recorded data were then entered into a
CMR data input program for analysis. New animals captured on
subsequent days and during subsequent rounds of trapping were
similarly marked, recorded and released.

2.4 Data collection
2.4.1 Species composition
The percentages of each species relative to others were calculated
by dividing the number of captured individuals of each species by
the total number of captured animals in a particular habitat, and
multiplied by 100.

2.4.2 Population dynamics
Population size was estimated for each 3 day trapping session
(monthly) using the M(h) estimator of the program CAPTURE for
a closed population, which allows for individual heterogeneity in
trapping probability.21

2.4.3 Breeding patterns
2.4.3.1 Sexual activity Breeding patterns were determined by
establishing the proportion of active and non-active individuals of
female mice in both habitats and month. In females, the definition
of sexual activity followed that of Leirs,17 who defined sexual
activity in females as a physiological condition and not as a typical
behaviour. Thus, females were considered to be sexually active
when the vagina was perforated, when their nipples were swollen
on account of lactation and when they were pregnant.

2.4.3.2 Sex ratio Variation in sex ratio was determined in both
habitats and in different months. In this study, the sex ratio is the
proportion of females in the whole population and is in favour of

Table 2. Species composition in rice and fallow land fields

Habitats

Species
%contribution in rice

fields∗
%contribution in fallow

land∗

Mastomys natalensis (1134) 97.01 (1759) 95.34

Crocidura sp. (34) 2.91 (78) 4.23

Rattus rattus (1) 0.08 (2) 0.11

Dasmys sp. – (5) 0.27

Acomys spinosissimus – (1) 0.05

Total (1169) 100 (1845) 100

∗ The number in brackets represents total capture.

females, as males can be active throughout the season and one
male can impregnate many females in one season.

2.4.3.3 Age structure Individuals were categorised as juveniles
or adults following the relationship between age and body
weight.22 The presence of juveniles was used as an indicator
of reproduction, and the presence of juveniles in a population was
used as proof of recent reproduction.22 Individuals weighing >

20 g (including subadult individuals) were grouped as adults,
while those weighing ≤ 20 g were grouped as juveniles.22

Juvenile individuals in each crop growth stage and habitat were
determined.

2.5 Data analysis
The collected data were subjected to two-way analysis of
variance,23 whereas replications, months, main plot error, habitats,
interaction and experimental error were used as the source of
variation. Comparisons of significant differences of mean values
were done through a means separation test using Tukey’s test
method.

3 RESULTS
3.1 Species composition
A total of 3015 individual animals belonging to four species of
rodents and one species of shrew (Crocidura sp.) were captured on a
total of 11 172 trap nights (26.9% trap success) (Table 2). The rodent
species comprised Mastomys natalensis, Rattus rattus, Dasmys sp.
and Acomys spinosissimus. Mastomys natalensis comprised more
than 95% of the total captures. Fallow land had more species than
rice fields (Table 1).

3.2 Population dynamics
Mastomys natalensis was the only species common in the study
site and was captured in large numbers. This observation justified
analysis of population dynamics and breeding patterns for this
species. Temporal variations in population density changes were
observed between habitats and months. More M. natalensis were
captured in fallow land than in rice fields (F = 21.95; df = 1,
40; P = 0.00). In both rice fields and fallow land, the highest
population peak was observed during the dry season from July to
October (F = 15.42; df = 11, 11; P = 0.00), when more than 120
animals were captured per half-hectare, and the lowest population
was observed during the months of November to June (Fig. 2).

Pest Manag Sci 2013; 69: 371–377 c© 2012 Society of Chemical Industry wileyonlinelibrary.com/journal/ps
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Figure 2. Population dynamics of Mastomys natalensis in rice and fallow land fields in the irrigated rice crop area. HT = harvesting; TP = transplanting;
VG = vegetative stage; BT = booting stage; MT = maturity stage.

3.3 Breeding patterns
3.3.1 Sexual activity
Sexually active females were observed in all months during
the entire study period in both habitats (Figs 3a and b). The
breeding activity in female M. natalensis was extended, but a small
proportion of the animals were observed to be sexually active
during the driest months (August to October) compared with other
months (Figs 3a and b). Similarly, high peaks of reproductively
active females were observed in the months of June and December
which correspond to the maturity and harvesting of rice crop in
the study area.

3.3.2 Sex ratio
There were no significant differences between the numbers of
females and males of M. natalensis captured between the two
habitats (F = 1.32; df = 1, 40; P = 0.26). However, significant
differences among the months were observed (F = 2.20; df = 11,
11; P = 0.03). Differences were observed during the breeding peak
when the capture comprised more females than males (Fig. 4).

3.3.3 Age structure
The number of juveniles in fallow land and rice fields during
different months is shown in Fig. 5. There were no significant
differences (F = 0.04; df = 1, 40; P = 0.84) in the number
of juveniles captured at the two habitats. However, significant
differences (F = 3.63; df = 11, 11; P = 0.00) were observed
between months. More juveniles were captured in August and
September compared with other months.

4 DISCUSSION
Both rodent and shrew species were captured in both habitats
in the rice agroecosystem and in all months of the study period;
M. natalensis was the most abundant rodent pest species captured
in the study area. This genus has been recorded in high densities in

disturbed landscape in agricultural fields throughout Sub-Saharan
Africa.17,18 It is therefore not surprising that it dominated in the
present study area. It is interesting to note that R. rattus, which
is typically a commensal rodent pest species in Africa,24 was also
found in the rice fields. This is probably attributable to human
activities in the fields. From booting to maturity stages of the crop,
for example, farmers scare birds and live in small huts built within
the rice fields, which could facilitate habitation of R. rattus.

It has been reported that many small mammal species show
large spatial and temporal fluctuations in numbers. In this study,
the population of M. natalensis fluctuated over months in different
habitats. This could be due to their response to availability of
food resources, water flooding and vegetation cover between
habitats.25 – 27 In this study, more individuals were captured in
fallow land than in rice fields. These variations may be associated
with the absence of vegetation cover and occurrences of floods
during the agricultural activities and irrigation in rice fields. At
transplanting and maturity stages of rice growth, for example,
rice fields were waterlogged and cleared through harvesting, thus
encouraging most rodents to reside in densely covered sites such
as bunds and fallow land. These observations are consistent with
those reported for areas where M. natalensis was most common in
sites with many bushes or tall grasses.28,29 During the transplanting
of rice fields and their flooding periods, most individuals were
trapped around the bunds, which were at least 30 cm wide and
provided some degree of cover,30 creating suitable focus for rodent
activity as they were weedy and unclean. The relationship between
rice field flooding and rodent population variation is supported
by Sultan and Jaeger,31 who reported that the Bandicota species
abandons burrows and emigrates several hundred metres, or
moves to a new site in response to water floods.

Fall30 reported that land preparation and water flooding
displace rodents temporarily, and that rats can repopulate the
area within a few weeks after the water recedes. It is known,
however, that, in agricultural systems such as mosaic landscapes,
spatial and temporal differences cause significant changes in small

wileyonlinelibrary.com/journal/ps c© 2012 Society of Chemical Industry Pest Manag Sci 2013; 69: 371–377
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(a)

(b)

Figure 3. Changes in breeding conditions of female M. natalensis in (a) the irrigated rice field and (b) the fallow land field in the irrigation area.
HT = harvesting; TP = transplanting; VG = vegetative stage; BT = booting stage; MT = maturity stage.

mammal assemblage in the area. The nature of agroecosystems
therefore influences rodent densities.

High population abundance was observed from July to October,
which is consistent with other findings.17,18,32 – 34 It has been
reported that M. natalensis breeds during the long rains and
normally starts 1 month after the usual peak rainfall (March
and April), lasting until the dry season.17,35 The high population
observed in the dry season is a result of high breeding activity in
the wet season. Leirs et al.18 reported that a high turnover rate,
even in periods without reproduction, indicated a high degree of
dispersal.

Changes in balance between sexes are common in different
species of animals. Such changes have been shown to be in
response to differences in spacing behaviour, immune response
and predation pressure.36 In this study, however, there were no

differences between males and females, thus indicating that they
were at parity. However, relatively more females were captured
during their maximum breeding season in all habitats. This
probably suggests that the females search for food more widely
than the males. This finding is contrary to what was reported by
Duque et al.,37 that males were more mobile in searching for food
and mates, while females did not wander far from their burrows
owing to the fact that they were taking care of their offspring.

It has been reported that the onset of the breeding season
is accelerated by food availability.18,22 Duque et al. (2005)37

reported that the onset of breeding of R. tanezumi is linked to
specific stages of development of the rice crop. The present
observations show that almost all females were active in June
and December, indicating that there is a strong relationship
between rice maturity stage and reproductive activity of female

Pest Manag Sci 2013; 69: 371–377 c© 2012 Society of Chemical Industry wileyonlinelibrary.com/journal/ps
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HT = harvesting; TP = transplanting; VG = vegetative stage; BT = booting
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M. natalensis.38 Therefore, the breeding seasonality and density
fluctuations observed in this study do not conform to observations
made elsewhere in Africa, which support the hypothesis that
rainfall events promote primary productivity upon which murid
rodents depend.18,39,40

The low peak of breeding activity was observed during the
dry months, which are closely related to limited food availability.
This suggests that food is the main factor determining the onset
and length of the breeding season for M. natalensis in the rice
irrigation agroecosystem. Similar findings concerning the timing
of breeding of R. tanezumi in lowland irrigated rice cropping
systems in Southern Luzon has been reported by Miller et al.38

Therefore, given the occurrence of breeding with the onset of the
generative stages of the rice plant, it is likely that food quality,

rather than quantity per se, may be the major factor exacerbating
the breeding of M. natalensis in the study area. The present study
also shows that more juvenile individuals were captured in August
and September, implying that they were produced in the previous
breeding months.

5 CONCLUSIONS
Mastomys natalensis is the most abundant pest species in the
study area and its population abundance varied with habitats and
months. The highest population peak was observed during the
dry season (from July to October). Mastomys natalensis is sexually
active throughout the year, although it reaches the highest level in
June and December which correspond to the maturity stage
of crop growth (May–June and November–December), thus
suggesting that it is highly influenced by the presence of rice crop
maturation. Similarly, rodent population dynamics in all habitats
differs, indicating that the population is higher in fallow land than
in rice crop fields. In a small-scale set-up, rice field and fallow
land rodent populations are separated, and the latter should be
considered as essential refugees. Regular and sustainable control
operations are therefore necessary in order to keep the rodent
pest population within tolerable limits.
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