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Abstract 
The multimammate rat, Mastomys natalensis Smith 1834, is a dominant species in agro-ecosystems in 
Sub-Saharan Africa, but adapts quickly to changes in non-agricultural landscape, particularly woodlands and 
forests. In this study we report on reproduction and population dynamics of M. natalensis in deforested high 
elevation localities in the Usambara Mountains, north-east Tanzania. We conducted Capture-Mark-Recapture 
studies in 2002-2004, and established that reproduction of M. natalensis takes place in the extended wet season 
between February and June, and the population density peaks in June-August. Reproduction cease in July to 
January and population density drops from July onwards. Reproduction and population density fluctuations are 
linked to the duration and amount of rainfall. In years when rainfall was below average and the wet season was 
short, the population density was significantly lower (below 10 animals/ha and 60 animals/ha in 2003 and 2004 
respectively, compared to >100 animals/ha in 2002 when rainfall was above the seasonal average) (Fdf 2, 13= 9.092, 
p<0.01 for in between years variations and Fdf 12, 15 = 5.389, p<0.01 for effect of cumulative annual rainfall on 
population density). These densities were much lower than in the lowland savannah habitats in central and 
southwest Tanzania. A comparison between the farmland/fallow mosaic fields and agro-forestry areas showed 
higher population densities in the former, which have similarities to the preferred habitats in the lowland savannahs. 
The increasing abundance of M. natalensis in the Usambara could have some consequences: M. natalensis is major 
pest and is involved in the plague cycle in the western Usambara Mountains. Mastomys natalensis is also a strong 
competitor and the impact on endemic rodent species, e.g. Lophuromys flavopunctatus and Praomys delectorum is 
unknown. 
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INTRODUCTION 
Mastomys natalensis Smith 1834, is the most serious 

rodent pest species in sub-Saharan Africa, found distrib-
uted in different kinds of habitats, including savannahs, 
woodland, secondary growth, forest clearings, houses 
and cultivated fields (Kingdon, 1997). The distribution 
indicates a broad habitat tolerance and makes it a pioneer 
species in the colonization of disturbed (e.g. by agricul-
ture) habitats. In South Africa for example, it is the first 
species to colonize areas which have been rehabilitated 
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from mining operations (Ferreira & Van Aarde 1996). It 
has been described as an opportunistic species, 
characteristically conforming to an r-selected strategist 
when conditions are favourable (Leirs et al., 1997). 
Studies have indicated that there is a strong climatic 
influence, particularly rainfall, on population dynamics 
and breeding of this species (Leirs 1992; Leirs et al. 1989; 
Leirs et al. 1996; Taylor & Green 1976; Delany 1971, 
etc). Outbreaks of large numbers of this species have 
been reported in many localities in sub-Saharan Africa 
(Leirs 1994; Leirs et al. 1996; Leirs 2003; Taylor 1968; 
Harris 1937), which can be attributed to the intrinsic 
biological characteristics of the species and prevailing 
environmental factors. Studies in Tanzania and elsewhere 
in Eastern Africa suggest that large litter size (average 
11-13 young/litter), several litters per season, increased 
survival and quick maturation are some of the demo-
graphic factors that favour high population turnover of M. 
natalensis within a short period (Cheeseman and Delany 
1979; Delany 1972; Delany 1974; Leirs 1992; Telford 
1989, etc). Favourable rainfall (both amount and duration) 
promote abundant primary productivity of particularly 
nutritious seeds and vegetation cover, which enable 
natural habitats to maintain large numbers of the species 
(Leirs 1992, Delany 1972). Therefore, rainfall plays an 
indirect role in the ecology of M. natalensis by 
determining when, where and how much food will be 
available. 

The East African Highlands (e.g. Mt Kilimanjaro, Mt 
Kenya, Mt Elgon, Eastern Arc Mts, etc.) are home to 
various native rodent species. These highlands have 
undergone degradation and are still under high human 
pressure due to encroachment (i.e. deforestation, 
agriculture and various other activities e.g. collection of 
firewood and medicinal plants) into the remaining forest 
patches. The changing habitat structure in these high-
lands has often led to invasion by the opportunistic rodent 
species M. natalensis. Intensification of agriculture 
(multiple cropping, irrigation, and rain-fed agriculture) 
increases the resources available to M. natalensis and 
alters the carrying capacity of habitats, presumably 
maintaining higher population densities. It is not unex-
pected that several generations of this species are able to 
survive in these newly established agricultural systems. 
Also by altering the landscape, barriers to the distribution 
of M. natalensis in these highlands are removed thus 
enabling the species to increase its range. 

In the current study, we investigated reproduction and 
population dynamics of M. natalensis in an area that was 
recently a natural forest, but was cleared for agriculture 

in the western Usambara Mountains. The study further 
compared the population dynamics of M. natalensis in 
these highlands with that of the lowland savannah habi-
tats preferred by rats in two localities in central and 
south-western Tanzania and the potential consequences 
of its increasing abundance in the Usambara Mountains.  
 
MATERIALS AND METHODS 
Location of study 

The study was carried out in the western Usambara, 
Mountains, which are the north-eastern wing of the 
Eastern Arc Mountains in Tanzania. The locations of the 
study were in Manolo and Magamba villages in Lushoto 
District. The two study locations are approximately 15 
km apart, but share the same rainfall pattern. Whereas in 
Manolo (040 42’ 16”S, 380 12’16’E) the trapping grid was 
in an established fallow field, in Magamba (040 70’ S and 
380 29’ E) it was primarily an agro-forestry field close to 
the natural forest. The grid in Manolo was at an altitude 
of 1,826 m above sea level, whereas in Magamba altitude 
was 1,920 m. The rainfall pattern is a single, but 
asymmetrical rainy season, extending from October to 
May. November/December and March/April are the 
wettest months. The dry season is from July to September. 
The western Usambara Mountains were previously cov-
ered by a montane rain forest that was opened for agricul-
ture about 50 years ago, and currently has only a small 
proportion of forests intact. Cultivated fields are some-
times adjacent or not far from the remaining natural for-
est. At the time of trapping in the western Usambara 
Mountains, similar studies were conducted elsewhere in 
lowland savannah habitats in central and south-western 
Tanzania (see Makundi et al., 2005, for details). The data 
from these studies are used for comparison with the data 
from the Western Usambara Mountains collected in our 
study. 

 
Trapping procedure 

Capture–Mark–Recapture studies were conducted in 
2002-2004 in 100 x 100 m grids with 100 trap stations 
and a single Sherman live trap per station. The grid in 
Manolo was set in permanent fallow land and bushes, 
surrounded by maize fields. The grid in Magamba was 
set in an agro-forestry farm which had been left fallow 
for several years. The vegetation included fruit trees, 
scattered Gravillea robusta trees, and Rumex 
usambarensis Dammer which was dominant among the 
shrubs. Trapping of rodents in both grids was conducted 
for three consecutive nights every month. Captured ani-
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mals were identified, marked by toe clipping, weighed 
and the breeding conditions were recorded. In males, the 
breeding condition was determined by the position of the 
testes (scrotal, abdominal). In females, the breeding 
conditions were either signs of pregnancy by palpation, 
and/or perforated vagina. Animals were released at the 
point of capture. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 Seasonal and annual changes in 
reproductive conditions of female and male 
Mastomys natalensis in the Western Usam-
bara Mountains. 

 
Analysis of data  

The density of animals per ha was estimated for each 
3-day trapping session using the M(h) Estimator of the 
Programme CAPTURE for a closed population, which 
allows for individual variations in trapping probability 

(White et al. 1982). An analysis of variance was carried 
out for significant variations in population density be-
tween years.  
 
RESULTS AND DISCUSSION 

Figs. 1 (A and B) shows the breeding patterns of fe-
male and male M. natalensis in the western Usambara 
Mountains. In both sexes, individuals in breeding condi-
tion occur in the population during the extended wet 
season of the year. During June-August, a large number 
of reproductively inactive females and males, (largely 
sub-adults) were recruited in the population,  
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Figure 2 Population dynamics of Masto-
mys natalensis in fallow land at Manolo 
and in agro-forestry habitat in Magamba, 
Western Usambara Mountains (A), 
farm-fallow mosaic fields in Mvomero, 
central Tanzania (B) and Chunya, south-
west Tanzania (C). 
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suggesting that these were born during the season and 
entered the trappable population later in the season.  

Fig. 2 (A) shows the population dynamics of M. 
natalensis in the study localities in the western Usambara 
Mountains. Population densities were higher at Manolo 
in the permanent fallow field than in the agro-forestry 
habitat in Magamba. These density changes follow the 
seasonal patterns of rainfall. Population densities were 
highest at the end of the rain season to the middle of the 
dry season, but rapid decline in population density oc-
curred towards the end of the dry season in September. 
Although October – January are also wet months, repro-
duction and recruitment did not occur in this species in 
the Usamabara Mountains. In years when rainfall was 
below average and the wet season was short, the popula-
tion density was significantly lower (below 10 ani-
mals/ha and 60 animals/ha in 2003 and 2004 respectively, 
compared to >100 animals/ha in 2002 when rainfall was 
above the seasonal average) (Fdf 2, 13= 9.092, p<0.01 for in 
between years variations and Fdf 12, 15 = 5.389, p<0.01 for 
effect of cumulative annual rainfall on population den-
sity).  

The rodent population dynamics models of the Usam-
bara Mountains show striking similarities to the lowland 
savannah habitats in Mvomero, central Tanzania (Fig. 2B) 
and Chunya, south-western Tanzania (Fig. 2C) , but at 
much lower densities (Makundi et al. 2005). 

Breeding, abundance and population dynamics of M. 
natalensis in the Usambara Mountains were strongly 
influenced by rainfall. Studies elsewhere in Tanzania 
have highlighted the importance of rainfall on breeding 
of this species (Leirs 1992; Leirs et al. 1989). Evidence 
of resource limitations to breeding and growth of Masto-
mys spp. has been reported in Tanzania and other locali-
ties in sub-Saharan Africa (Leirs 1992, Cheeseman and 
Delany 1979, Delany 1972, Neal, 1977, Hubert and 
Adam 1985; Makundi et al. 2005). In the Usambara 
Mountains, as the wet season ends and the dry season 
starts, reproduction of M. natalensis ceases. The decline 
of the population at this time indicates that survival is low 
and /or dispersal is high.  

Deforestation and intensification of agriculture in the 
Usambara Mountains have created savanna-like habitats 
suitable for colonization by M. natalensis. These newly 
created habitats are similar to the preferred habitats in the 
low land savannahs. Kingdon (1974) reported that in 
tropical East Africa, M. natalensis could be found in 
forested areas and woodland where clearings have been 
made up to an altitude of 2,100 m., The densities sup-
ported by these habitat patches are however low, but 

when wide areas are cleared for agriculture at even much 
higher elevation as in the study localities in the Usambara 
Mountains, there is an increasing abundance and altitud-
inal range in the distribution of M. natalensis. The 
population densities of M. natalensis in fallow and 
agro-forestry fields clearly show some striking differ-
ences, despite the fact that the two habitats are within the 
same ecological zone and share the same rainfall pattern. 
In the lowland savannah habitats in central and southwest 
Tanzania, population densities of M. natalensis are high 
and show drastic changes associated with the seasons. In 
the Usambara Mountains, the seasonal nature of habitats 
is an important factor in breeding, development and re-
cruitment of M. natalensis. Increasing abundance of M. 
natalensis in agricultural fields and their close proximity 
to human habitation in the Usambara Mountains have 
several consequences. The pest status of this species is 
being elevated because of widespread depredation of 
crops in the fields. Mastomys natalensis is also involved 
in the plague cycle in the Western Usambara Mountains 
(Makundi et al. 1999). The presence of anti-plague 
immunoglobulin antibodies in this species was demon-
strated by Kilonzo et al. (2000). Therefore, increasing 
densities of M. natalensis in the Usambara Mountains 
could also increase the risk of plague outbreaks. Masto-
mys natalensis is also a strong competitor (Kingdon 1974) 
and its impact on other native species like Lophuromys 
flavopunctatus Thomas 1888 and Praomys delectorum 
Thomas 1910 which are weaker competitors and occur in 
much lower densities and yet their populations interact 
with that of M. natalensis in the same habitats (Makundi 
et al. 2003; 2006) is not known.  
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