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The present study deals with seasonal variation and pest status of rodents in Bir Farm Development, 
Ethiopia. Snap-traps, baited with peanut butter were used to collect data for three consecutive nights 
during wet and dry seasons in each habitat. Each season, seven snap-trap grids were placed in fields of 
major crops (maize, wheat and soybean) and in permanent grass cover, forest and bushland vegetation. 
Population density varied from season to season; highest was observed during the dry season and less 
during the wet season.  Crop damage to wheat, maize and soybean crops was assessed 2 weeks prior 
to the farmer’s intended date of harvest. The level of damage by rodents was 13.2% for wheat, 12.9% for 
soybean and 9.6% for maize farms on the farm development.  Comparatively, high rate of damage 
(29.2%) was observed in the maize farm from the locally farmed areas. Diet analysis indicated that 
consumption of animal matter was high during the wet season, and monocot seeds, dicot seeds and 
plant roots were more during the dry season.  
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INTRODUCTION 
 
Rodents are the most ubiquitous and numerous among 
mammals (Macdonald, 1984; Delany, 1986; Bekele, 
1996). They show considerable diversity in their diet 
(Leirs, 2003). The food habits of small rodents are poorly 
known, mainly because the finely masticated food 
components are hard to identify (Hansson, 1970). Their 
diet is usually evaluated by analyzing stomach contents, 
although it demands sacrificing the animals (Kronfeld and 
Dayan, 1998). They are opportunistic feeders, capable of 
changing their feeding habits depending on the 
availability of food from season to season (Gebresilassie 
et al., 2004).  

In Africa, 381 species of rodents occur (Wilson and 
Reeder, 1993) of which 77 are pests (Fiedler, 1988). Out 
of   these  pests,  the  major  pest   species   in   cropping  
systems are numbered about 20 (Makundi et al., 1999). 
Whereas in Australia, 67 species are recorded out of 
which only 7 are pests (Strahan, 1995). In Indonesia, 
about 25 species are recorded as pests out of the total  
 
 
 
*Corresponding author. E-mail: afeworkbekele@hotmail.com 

164 species and in India 18 species are recorded as 
pests out of 128 species (Parshad, 1999). Of the 284 
mammalian species of Ethiopia, 84 species are rodents 
and 11% of them are major agricultural pests (Bekele and 
Leirs, 1997). 

Population dynamics of rodents follow seasonality in 
relation to variations in rainfall and reach peaks towards 
the end of the rainy season when resources are plenty 
(Feliciano et al., 2002; Mssawe et al., 2006). Breeding 
decreases during the dry months (Wube, 2005) and 
rainfall is the ultimate source of variation in rodent density 
(Caro, 2002; Brevig, 2003). Temperature and humidity 
play also a significant factor in determining the rodent 
activity (Cheeseman, 1977; Ghobrial and Hodieb, 1982; 
Windberg, 1998).  

The most common rodent pests in sub-Saharan Africa 
are multi-mammate rats, belonging to the murid genus 
Mastomys (Christensen, 1996; Leirs et al., 1996; Venturi 
et al., 2004) and Arvicanthis (Bekele and Leirs, 1997; 
Stenseth et al., 2001) that destroy as much as 80-100% 
of crops throughout their ranges in sub-Saharan Africa 
(Green et al., 1980; Keesing, 2000). The damage in 
underdeveloped   countries  caused  by  rodents  and  the  



 
 
 
 
 
subsequent yield losses at harvest is economically 
significant, where farmers are small landholders 
(Makundi et al., 2005a). Hence, reducing crop losses by 
rodents occurring at different stages of harvesting to 
meet the rapid growth of the world’s population is of a 
great concern (Tatlidial et al., 2005). However, rodents 
also consume insects, weed seeds, and a variety of other 
items, which are important to man’s agriculture and 
health. In developing countries where high level of 
illiteracy and low nutritional levels are common (Cuong et 
al., 2003; Leirs et al., 2003; Makundi et al., 2005b), the 
problems caused by rodents are more serious, 
widespread and difficult to solve especially at the most 
susceptible stage of crop growth.  

In Ethiopia, maize, enset and potatoes are the crops 
most affected by rodents (Tristiani et al., 2000; Makundi 
et al., 2005a). Destruction of crops by rodents has 
resulted in heavy loss of food and human economy 
(Singleton et al., 1999a; 1999b; Keesing, 2000; Makundi 
et al., 2005b). Brown and Khamphoukeo (2007) 
estimated that the severity of damage ranged from 5-10% 
in non-outbreak years to crop losses of 30-100% during 
outbreak years leading to localized or widespread famine. 
Bekele et al. (2003) also estimated rodent damage in 
maize fields at Ziway, Ethiopia, up to 26.4%.   
Although few ecological studies on seasonal variation 
and pest status of rodents in maize, wheat and soybean 
crops have been carried out in different parts of Ethiopia, 
the problem is poorly known. Therefore, an ecological 
survey was conducted to determine pest status of 
rodents and their impacts on agricultural productivity. 
 
 
METHODOLOGY 
 
The study area  
 
The present investigation was carried out in Bir Farm 
Development and nearby farmland area. The farm is 
located approximately 400 km northwest of Addis Ababa 
in the Amhara National Regional State, Western Gojjam 
Zone, Jabi Tenhan Woreda. It is situated between 10

o
27'-

10
o
42'N latitude and 37

o
6'

 
-37

o
13' E longitude at an 

altitude ranging from 1400-2000 m asl (Figure 1). The 
farm has an area of 8854 ha, of which the utilized one is 
7500 ha. The rest of the area is covered with forest, 
grass and bushlands. The major crop species cultivated 
in  the  Farm  Development  includes  maize (Zea mays), 
soybean (Glycine max), wheat (Triticum sativum) and 
other cereal crops. In the nearby plots, farmers also 
cultivate maize of the same varieties as that of the Farm 
Development. Agronomic practices such as fertilizer 
application and weeding were carried out equally in all 
areas of crop types except the one from the local farmed 
areas. Wheat farm was planted using broadcast sowing 
whereas maize and  soybean  farm  was  using rows. The  
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climate of the area is tropical with well demarcated wet 
and dry seasons. The annual rainfall follows unimodal 
regime that includes the main rain season from June to 
September. The annual rainfall is around 1100 mm.  Most 
of the area falls into ‘Weina Dega’ agro-climatic zone with 
temperature between 12-33.8

o
C. The minimum 

temperature is 8.2
o
C in July and the maximum 33.8

o
C in 

March. 
 
 
Methods 
 
Most studies of small mammal communities rely on 
sampling methods involving trapping with space ranging 
from 5 to 20 m, which is a typical range for small 
mammals (Corominas, 2004; Nicolas and Colyn, 2006). 
Snap traps are efficient to capture rodents (Greenwood, 
1996; Nicolas and Colyn, 2006) and used commonly in 
ecological studies (Hansson and Hoffmeyer, 1973). Snap 
traps were provided with bait to catch individuals. Based 
on the habitat type, the total area was identified as forest 
(F), bushland (BL), grassland (GL), wheat farm (Wf), 
maize farm (Mf) and soybean farm (Sf). Representative 
sample grids were set in the different habitat types. 
Trapping was done on six permanent grids in different 
habitats on the Farm Development and nearby bushland 
area, forest and grassland. One additional trap site from 
the nearby farmer’s plot was also taken. Trapping was 
made in four sessions covering different seasons. 
Trapping session one (August, 2007) coincided with the 
main rainy season when the cultivation was approaching 
fruiting condition. The second trapping session was 
during mid-September to mid-October (2007), which 
coincided with the flowering and fruiting phase of cereal 
crops. The third trapping session (December, 2007) 
coincided with maturity before the farmer’s intended date 
of harvest (two weeks before harvest). The fourth session 
(February, 2007) was the post-harvest period. In all these 
trapping sessions, trappings were also carried out from 
the forest, bushland and grassland habitats. 

Snap-traps were used to collect data each for three 
consecutive nights during wet and dry seasons. Each 
season, seven snap-trap grids were placed in fields of 
each major crop (maize, wheat and soybean) and in 
permanent grass cover, forest and bushland vegetation. 
All snap-traps were 20 m away from any other snap-
traps. Generally, grids in the study area contained 25 
snap-traps in a 5×5 arrangement (Figure 2).  

Snap traps were baited with peanut butter checked 
twice a day, late afternoon and early the next morning. A 
scotch tape was placed near each trap and labeled with 
different number. Trap grids were operated for three 
consecutive nights for 75 trapping nights per grid. For 
each capture in each grid, date, location, crop or cover 
type, and species type were recorded. During both 
seasons, the stomach was removed from  each  species  
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Figure 1. Map of the study area.  

 
(38 individuals) and preserved in 70% alcohol for further 
diet analysis (Bekele, 1996; Iyawe, 1988).  

Crop damage to wheat, maize and soybean crops was 
assessed 2 weeks prior to the farmer’s intended date of  
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Figure 2. Diagrammatic representation of snap 
trapping grid with trap locations.   

 
 
 

Table 1. Species composition, number of rodents captured by snap traps and their distribution in different habitats.  

 

Habitat types 
Species Total 

catch 
Relative 

abundance 
Trap 

success A.d L.f M.m S.a  T.r D.h 

F - 11 - 8 - 3 22 13.5 7.3 

BL - 9 2 10 7 4 32 19.6 11.3 

GL 8 2 2 4 4 - 20 12.3 6.0 

Mfd 13 - 2 - - - 15 9.2 5.0 

Mf 24 2 9 - 6 - 41 25.2 12.3 

Wf 10 2 6 - - - 18 11.0 7.0 

Sf 9 2 4 - - - 15 9.2 5.0 

Total 64 28 25 22 17 7 163   

Relative abundance (%) 39.3 17.2 15.3 13.5 10.4 4.3  100  
 
F = forest, BL = bushland vegetation, GL = grassland,   Mfd = maize farm from the farm development, Mf = maize farm from the local 
farmed area, Wf = wheat farm, Sf = soybean farm).  (A. d = A. dembeensis, L. f = L. flavopunctatus, M. m = M. Mahomet, S. a = S. 
albipes, T.r =T. robusta, D. h = D. harringtoni. 

 
 
harvest. Damage to wheat, maize and soybean crops 
was calculated using the method of Brown and Singleton 
(2000) as % cut tillers = 100(a/b), where: a = number of 
cut tillers in sample; b = total number of tillers in sample. 

Twenty plants were assessed at each sampling point. 
The number of undamaged tillers and damaged tillers 
was recorded per plant as well as the number of plants 
damaged per sampling point.   

For wheat, the damage was observed on heads and  
cut tillers.  For soybean and maize, damage to pods and 
cobs was observed. 
 
 

Statistical analysis 
 
All data obtained from field and laboratory work were 
analyzed using trap success, chi-square test and ANOVA 

(Version 13.0). 
 
 

RESULTS   
 

A total of 163 individual rodents were captured in 2100 
trap nights using snap-traps. The relative abundance 
ofeach of the species was: Arvicanthis dembeensis 
(39.3%), Lophuromys flavopunctatus (17.2%), Mus 
mahomet (15.3%), Stenocephalemys albipes (13.5%), 
Tatera robusta (10.4%) and Desmomys harringtoni 
(4.3%) (Table 1). 

Arvicanthis dembeensis constituted high percentage 
followed by L. flavopunctatus and M. mahomet. The least  
trapped rodent was D. harringtoni. Trap success was 
highest in the maize farm from farmer’s plot followed by 
bushland areas. Less trap success  was  recorded  from 
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Table 2. Percentage of the diet of snap-trapped rodents during wet and dry seasons.  

 

Species Season Samplings 
Food items 

MS DS ML DL PR AM UN 

A. dembeensis Wet 5   5.6  4.6 29.8 20.3 7.5 16.2 16.0 

 Dry 5 32.2 28.4 9.2 8.6 8.2  7.4  6.0 

          

L. flavopunctatus  Wet 4 18.3 15.3 15.3 2.1 2.6 39.6  6.8 

 Dry 4 31.0 21.6 2.7 1.6 6.8 29.4  6.9 

          

M. mahomet Wet 2  6.0 10.4 16.3 10.4 16.2 23.9 16.8 

 Dry 2 29.3 28.9 6.2 7.4 17.0  5.4  5.8 

          

S. albipes Wet 4  2.9  2.0 19.2 23.4 17.5 15.0 20.0 

 Dry 4  5.9  4.3 19.4 26.2 20.2 12.1 11.9 

          

T. robusta Wet 2 19.3 23.5 11.4 10.2 10.2 13.5 11.9 

 Dry 2 28.2 27.4 10.2 8.7 12.6  7.6  5.3 

          

D. harringtoni   Wet 2 15.5  6.0 37.2 3.0 2.9 11.2 24.2 

 Dry 2 21.0 3.8 41.2 4.0 4.0  9.4 16.6 
 

MS = monocot seed, DS = dicot seed, ML = monocot leaf, DL = dicot leaf, PR = plant root, AM = animal matter, UN = 
undifferentiated material. 

 
 
 
maize and soybean farms at the Farm Development.  

The proportion of different food items varied 
significantly between different species and within the 
same species in different seasons (p < 0.05) (Table 2). 
Monocot seeds, dicot seeds, monocot leaf, dicot leaf, 
plant root and animal matter were observed in the 
stomach contents of A. dembeensis, L. flavopunctatus, 
M. Mahomet, T. robusta and D. harringtoni. However a 
major proportion of animal matter was observed in the 
stomachs of L. flavopunctatus.  

Diet analysis indicated that there was no significant 
seasonal variation in types of food items. Consumption of 
animal matter was more during the  wet  season  
whereas  monocot  seeds,  dicot seeds and plant roots                                 
were more during the dry season. 

The level of damage to crops before two weeks of 
harvest was generally low in areas from the Farm 
Development (13.2% for wheat, 12.9% for soybean and 
9.6% for maize crops). On the other hand, damage in the 
maize farm of the farmer’s plot was relatively high 
(29.2%). Statistically significant variation existed in maize 
damage between the Farm Development and farmer’s 

plot (χ
2
 = 732.5, df = 1, p < 0.05). The rate of damage 

between wheat and maize farms from the Farm 
Development also had statistically significant variation 

(χ
2
= 5740.8, df = 1, p < 0.05).  However, there was 

insignificant variation between wheat and soybean farms 

(χ
2
= 1.4, df = 1, p > 0.05). 

DISCUSSION 

 
During the study, A. dembeensis was the commonest 
and dominant species. The high number of individuals of 
A. dembeensis in maize, wheat and soybean farms 
reflects its habitat preference. Gebresilassie et al. (2004) 
also confirmed that this species is abundant in areas of 
monocots and grasses. On the other hand, D. harringtoni 
was the least dominant species in this agricultural area 
confirming the minor pest status as well as less 
preference.   

The effect of season  on  the  population  of  rodents  is  
evident in the present investigation. Population size on 
maize farms at Ziway (Bekele et al., 2003) and Odhiambo 
et al. (2005) in Tanzania revealed seasonal fluctuation. 
The maximum population size in agricultural fields 
recorded was at a time when crops matured and were 
ready for harvest. Rodents from the surrounding area can 
easily move to the agricultural fields during the attractive 
stage of the crop when food resources are available and 
plenty. This is consistent with the observations of Taylor 
and Green (1976) that matured cereal crops are highly 
favoured habitats of rodents as they provide cover and 
food source. As a result, the area attracts several species 
of rodents and their population size increases (Gadisa 
and Bekele, 2006). Abundant food also increases the 
size of rodent density in agricultural areas (Halvorson, 
1982; Lentic and Dickman, 2005). 



 
 
 
 
 
The stomach content analysis confirmed that rodents 
feed on a variety of food sources, both plant and animal 
matters. The feeding ecology of small mammals 
throughout the world is highly diverse (Campos et al., 
2001).  This wide range of feeding habits helped them to 
occupy a wide range of habitats in all continents. The 
high percentage of animal matter during the wet season, 
and monocot seeds, dicot seeds and plant roots during 
the dry season showed that the feeding habit of rodents 
depended on the availability of food sources. The number 
of invertebrates increases with an increase in 
precipitation   and  the  number  declines  during  the   dry  
months (Frith and Frith, 1990). Gebresilassie et al. (2004) 
described rodents as opportunistic feeders, capable of 
changing their feeding habits depending on the 
availability of food from season to season. Martin and 
Dickinson (1985) also described the rainy season as a 
time of abundant invertebrate populations, which may be 
a source of food for small mammals.  The high per-
centage of animal matter observed in the stomach of L. 
flavopunctatus was an indication of its high insectivorous 
feeding habit (Clausnitzer et al., 2003).  

In the study, crop damage was assessed at the pre-
harvest stage. Relatively higher percentage of cereals 
was observed in the diet of A. dembeensis, M. mahomet 
and T. robusta than other snap-trapped rodents. This 
indicates that they are major pests.  Bekele et al. (2003) 
recognized A. dembeensis as a major agricultural pest, 
and M. mahomet and T. robusta were considered as 
minor pests. Shenkut et al. (2006); Gadisa and Bekele 
(2006) and Datiko et al. (2007) also described A. 
dembeensis as a major agricultural pest in maize farms.  

The damage rate of maize from the Farm Development 
was 9.6%. When it was estimated in terms of economic 
loss, it was estimated as 2016 Birr (approximately 202 
US dollars) per hectare. This was comparatively higher 
than (5.7%, Datiko et al., 2007) and by far less than the 
damage in Ziway (26.4%, Bekele et al., 2003) and farms 
of Tanzania (17.2-82%, Mulungu et al., 2007). This 
comparatively low rate might be due to the extensive 
application of chemicals in the area that may result in low 
population density of rodents thereby decreasing the 
damage. This was also an area of less ground cover 
compared to other grids in the study area. The relatively 
higher rate of damage (29.2%) in the locally farmed areas 
of maize might be due to the high population density. 
When it was estimated in terms of economic loss, it was 
estimated as 3833 Birr (approximately 384 USA dollars) 
per hectare. Damage on wheat farm was 13.2%. When it 
was estimated in terms of economic loss, it was 1716 Birr 
(approximately 172 US dollars) per hectare. This was 
comparatively higher than (2-9%, Mutze, 1993) and 
(12.1%, Poche et al., 1982) when treated with chemicals. 
12.9% rate of damage was also observed for soybean 
farms. When it was estimated in terms of economic loss, 
it was 960 Birr (approximately 96 US dollars) per hectare.  
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This was also comparatively higher than (0.56-2.58%, 
Kay et al., 1994), (4-8.5%, Twigg et al., 1991) and (2.9-
12.7%, Singleton et al., 1991) in Macquarie Valley after 
the application of different rodenticides.  
   Brown et al. (1997, 2002) also described that crop 
yields were significantly high after the treatment of rodent 
control measures on specific farms resulting in lower 
damage. They also described that population density of 
rodents and damage to pods or cobs were linearly 
related. Thus, the relatively higher damage of wheat crop 
might be associated with the higher population density of 
rodents in the wheat farm than the soybean and  maize 
farms of the Farm Development. On the other hand, the 
damage on different cereal crops was comparatively 
higher than the estimates by Brown and Singleton (2000) 
(< 7% for wheat and < 4% for soybean). 
 
 
ACKNOWLEDGEMENTS 
 

We thank DIF (Development Innovative Fund) and Addis 
Ababa University for the research grant. 
 
 
REFERENCES 

 
Bekele, A. (1996). Population dynamics of the Ethiopian 

endemic rodents Praomys albipes in the Menagesha 
State Forest. J. Zool., Lond. 238: 1-12. 

Bekele, A., Leirs, H. (1997). Population ecology of 
rodents of maize fields and grassland in central 
Ethiopia. Belg. J. Zool., 127: 39-48. 

Bekele, A., Leirs, H., Verhagen, R. (2003). Composition 
of rodents and damage estimates on maize farms at 
Ziway, Ethiopia. In: Rats, Mice and People: Rodent 
Biology and Management, pp 262-263, (Singleton, 
G.R.; Hinds, L.A.; Krebs, C.J. and Spratt, D.M., eds). 
Australian Centre for International Agricultural 
Research, Canberra. 

Brevig, T. (2003). Evaluating control strategies for African 
Multimammate Rats. M.Sc.   Thesis in Terrestrial 
Ecology, Morgoro, pp. 57. 

Brown, P.R., Khamphoukeo, K. (2007). Farmer’s 
knowledge, attitudes, and practices with respect to 
rodent management in the upland and lowland farming 
system of the Lao People’s Democratic Republic. 
Integr. Zool., 2: 165-173. 

Brown, P.R., Singleton G.R. (2000). Impacts of house 
mice in crops in Australia- costs and damage. In: 
Human Conflicts with Wildlife: Economic 
Considerations, pp 48-58, (Clark, L. ed). University of 
Nebraska, Lincoln.  

Brown, P.R., Singleton, G.R., Davies, M.J., Croft, J.D. 
(2002). Demonstrations for best practice for mouse 
control in irrigated summer crops in southern NSW-  
Final report to Bureau of Natural Sciences, Canberra. 



 
384          Res. J. Agric. Environ. Manage. 

 
 
 

pp.52. 
Brown, P.R., Singleton, GR.., Kearns, B., Griffiths, J. 

(1997). Evaluation and cost effectiveness of strychnine 
for control of populations of wild house mice (Mus 
domesticus) in Victoria. Wildl. Res. 24: 159-172.   

Campos, C., Ojeda, R., Monge, S., Dacar, M. (2001). 
Utilization of food resources by small and medium-
sized mammals in the Monte Desert biome, Argentina. 
Aust. Ecol., 26: 142-155.  

Caro, T.M. (2002). Factors affecting the small mammal 
community inside and outside Katavi National Park, 
Tanzania. Biotropica, 34: 310-318. 

Cheeseman, C.L. (1977). Activity patterns of rodents in 
Rwenzori National Park, Uganda. E. Afr. Wildl. J., 15: 
281-287. 

Christensen, J.T. (1996). Home range and abundance of 
Mastomys natalensis (Smith, 1834) in habitats affected 
by cultivation. Afr. J. Ecol., 34: 298-311.  

Clausnitzer, V., Churchfield, S., Hutterer, R. (2003). 
Habitat occurrence and feeding ecology of Crocidura 
montis and Lophuromys flavopunctatus on Mt. Elgon, 
Uganda. Afr. J. Ecol., 41: 1-8.  

Corominas, I.T. (2004). Distribution, population dynamics 
and habitat selection of small mammals in 
Mediterranean environments: the role of climate, 
vegetation structure, and predation risk. Ph.D. 
Dissertation, University of Barcelona, Barcelona, 
pp.178. 

Cuong, L.Q., Chien, H.V., Han, L.V., Duc, V.H., Singleton 
G.R. (2003). Relationship between rodent damage and 
yield loss in rice in the Mekong Delta, Vietnam. In: 
Rats, Mice and People: Rodent Biology and 
Management, pp 262-263, (Singleton, G.R.; Hinds, 
L.A.; Krebs, C.J. and Spratt, D.M., eds). Australian 
Centre for International Agricultural Research, 
Canberra.  

Datiko, D., Bekele, A., Belay, G. (2007). Species 
composition, distribution and habitat association of 
rodents from Arbaminch Forest and farmlands, 
Ethiopia. Afr. J. Ecol. 45: 651-657. 

Delany, M.J. (1986). Ecology of small rodents in Africa. 
Mamm. Rev., 16: 1-41. 

Feliciano, B.R., Fernandez, F.A.S, Freitas,  D.D., 
Figueiredo M.S.L. (2002). Population dynamics of small 
rodents in grassland between fragments of Atlantic 
Forest in southeastern Brazil. Mamm. Biol. 67: 304-
314. 

Fiedler, L.A. (1988). Rodent problems in Africa. 
In:Prakash I, ed. Rodent Pest Management. CRC 
Press, Boca Raton, Florida. 

Frith, D., Frith, C. (1990). Seasonality of litter invertebrate 
populations in an Australian upland tropical rain forest. 
Biotropica, 22: 181-190.  

Gadisa, T., Bekele, A. (2006). Population dynamics of 
pest rodents of Bilalo area, Arsi, Ethiopia. Ethiop. J. 
Biol. Sci., 5: 63-74. 

 
 
 
 
Gebresilassie, W., Bekele, A., Belay, G., Balakrishnan, 

M. (2004). Microhabitat choice and diet of rodents in 
Maynugus irrigation field, northern Ethiopia. Afr. J. 
Ecol., 42: 315-321. 

Ghobrial, L.I., Hodieb A.S.K. (1982). Seasonal variations 
in the breeding of the Nile rat (Arvicanthis niloticus). 
Mammalia, 46: 319-333. 

Green, C.A., Keogh, H., Gordon D.H., Pinto, M., Hartwig, 
E.K. (1980). The distribution, identification, and naming 
of the Mastomys natalensis species complex in 
southern Africa (Rodentia: Muridae). J. Zool., Lond. 
192: 17-23. 

Greenwood, J.S.D. (1996). Basic techniques. In: 
Ecological Census Techniques. A Hand Book, pp 11-
110, (Sutherland, W.J. ed). Cambridge University 
Press. Cambridge. 

Halvorson, C.H. (1982). Rodent occurrence, habitat 
disturbances and seed fall in a Larch-fir Forest. Ecol. 
Soc. Am., 63: 423-433. 

Hansson, L. (1970). Methods of morphological diet micro-
analysis in rodents. Oikos 21: 255-266. 

Hansson, L., Hoffmeyer, I. (1973). Snap trap and live trap 
efficiency for small mammals. Oikos, 24: 477-478. 

Iyawe, J.G. (1988). Distribution of small rodents and 
shrews in a lowland rain forest zone of Nigeria, with 
observations on their reproductive biology. Afr. J. Ecol. 
26:189-195. 

Kay, B.J., Twigg, L.E., Nicol, H.I. (1994). The strategic 
use of rodenticides against house mice (Mus 
domesticus) prior to crop invasion. Wildl. Res. 21: 11-
19. 

Keesing, F. (2000). Cryptic consumers and the ecology of 
an African Savanna. Bioscience  50: 205-215.   

Kronfeld N., Dayan T. (1998). A new method of 
determining diet of rodents. J. Mammal., 77: 1198-
1202. 

Leirs, H. (2003). Management of rodents in crops: the 
Pied Piper and his orchestra. In: Rats, Mice and 
People: Rodent Biology and Management, pp 262-263, 
(Singleton, G.R.; Hinds, L.A.; Krebs, C.J. and Spratt, 
D.M., eds). Australian Centre for International 
Agricultural Research, Canberra. 

Leirs, H., Skonhoft, A., Stensteh, N.C., Andreasssen, H. 
(2003). A bioeconomic model for the management of 
Mastomys natalensis mice in maize fields. In: Rats, 
Mice and People: Rodent Biology and Management, pp 
358-361, (Singleton, G.R.; Hinds, L.A.; Krebs, C.J. and 
Spratt, D.M., eds). Australian Centre for International 
Agricultural Research, Canberra. 

Leirs, H., Verhagen, R., Verheyen, W., Mwanjabe, P., 
Mbise T. (1996). Forecasting rodent outbreaks in 
Africa: an ecological basis for Mastomys control in 
Tanzania. J. Appl. Ecol. 33: 937-943. 

Lentic, M., Dickman, C.R. (2005). The responses of small 
mammals to patches regenerating after fire and rainfall 
in the Simpson Desert, central Australia. Aust. Ecol 



 
 
 
 
 
. 30: 24-39. 
Macdonald, D. (1984). Encyclopedia of Mammals: Vol.2. 

Oxford Ltd. London, pp. 595. 
Makundi, R.H., Bekele, A., Leirs, H., Massawe, A.W., 

Rwamugira W., Mulungu L.S. (2005a). Farmer’s 
perceptions of rodents as pests: knowledge, attitudes 
and practices in rodent pest management in Tanzania 
and Ethiopia. Belg. J. Zool. 135: 153-157. 

Makundi, R.H., Massawe, A.W., Mulungu, L.S. (2005b). 
Rodent population fluctuations in three ecologically 
heterogeneous locations in northeast, central and 
southeast Tanzania.  Belg. J. Zool., 135: 159-165. 

Makundi, R.H.,  Oguge, N. O.,  Mwanjabe  P .S.  (1999).  
Rodent  pest management in East Africa: an ecological 
approach. In: Ecologically-based Management of 
Rodent Pests, pp 460-476, (Singleton, G., Leirs, H., 
Zhang, Z. and Hinds, L., eds). Australian Centre for 
International Agricultural Research Publications, 
Canberra. 

Martin, G.H.G., Dickinson N.M. (1985). Small mammal 
abundance in relation to microhabitat in a dry sub- 

   humid grassland in Kenya. Afr. J. Ecol. 23: 223-234. 
Massawe, A.W., Rwamugira W., Leirs H., Makundi R.H., 

Mulungu LS.. (2006). Do farming practices influence 
population dynamics of rodents? A case study of the 
multimammate field rats, Mastomys natalensis, in 
Tanzania. Afr. J. Ecol., 45: 293-301. 

Mulungu, L.S., Makundi, R.H., Massawe, A.P., Leirs, H. 
(2007). Relationship between sampling intensity and 
precision for estimating damage maize caused by 
rodents. Integr. Zool., 2: 131-135. 

Mutze, G. (1993). Cost-effectiveness of poison bait trials 
for control of house mice in Mallee cereal  crops. Wildl. 
Res. 20: 445-456. 

Nicolas, V, Colyn, M (2006). Relative efficiency of the 
three types of small mammal traps in an African 
rainforest. Belg. J. Zool., 136: 107-111. 

Odhiambo, R., Makundi, R., Leirs, H., Verhagen, R. 
(2005). Community structure and seasonal abundance 
of rodents of maize farms in southwestern Tanzania. 
Belg. J. Zool. 135: 113-118.  

Parshad, V.R. (1999). Rodent control in India. Integrated 
Pest Management Reviews 4: 97–126. 

Poche, R.M., Mian, Y., Haque, E., Sultana, P. (1982). 
Rodent damage and burrowing characteristics in 
Bangladesh wheat fields. J. Wildl. Manage., 46: 139-
147.  

Shenkut, M., Bekele, A., Balakrishnan, M. (2006). 
Distribution and abundance of rodents in farmlands: a 
case study in Alleltu Woreda, Ethiopia. SINET: Ethiop. 
J. Sci., 29: 63-70. 

Singleton, G.R., Brown, P.R., Jacob, J., Aplin, K.P., 
Sudarmaji (2007). Unwanted and unintended effect of 
culling: a case for ecologically based rodent 
management. Integr. Zool., 2: 247-259. 

 

Alemayehu and Bekele          385 
 
 
 
Singleton, G.R., Leirs H., Hinds L.A., Zhang Z. (1999a). 

Ecologically-based management of rodent pests- re- 
evaluating our approach to an old problem. In: 
Ecologically-based Management of Rodent Pests, pp 
17-29, (Singleton, G., Leirs, H., Zhang, Z. and Hinds, 
L., eds). Australian Centre for International Agricultural 
Research Publications, Canberra. 

Singleton, G.R., Sudarmaji, Jumanta, Tan, T.Q., Hung, 
NQ.. (1999b). Physical control of rats in developing 
countries. In: Ecologically-based Management of 
Rodent Pests, pp 178-198, (Singleton, G., Leirs, H., 
Zhang, Z. and Hinds, L., eds). Australian Centre for 
International Agricultural Research Publications, 
Canberra. 

Singleton, G.R., Twigg, L.E., Weaver, K.E., Kay, B.J. 
(1991). Evaluation of bromadiolone against house mice 
(Mus domesticus) populations in irrigated soybean 
crops. II. Economics. Wildl. Res., 18: 275-284. 

Stenseth, N.C., Leirs, H., Mercelis, S., Mwanjabe, P. 
(2001). Comparing strategies for controlling an African 
pest rodent: an empirically based theoretical study. J. 
Appl. Ecol. 38: 1020-1031. 

Strahan, R. (1995). The mammals of Australia. Reed 
Books, Chatswood New South Wales, Australia. 

Tatlidal, F.F., Kiral, T., Gundogmus, E., Fidan, H. (2005). 
The effect of crop losses during pre-harvest and 
harvest periods on production costs in tomato 
production in the Ayas and Nallihan districts of Ankara 
province. Turk. J. Agric. For., 29: 499-509.  

Taylor, K.D., Green, M.G. (1976). The influence of rainfall 
on diet and reproduction in four African rodent species. 
J. Zool., Lond. 180: 367-389. 

Tristiani, H., Makundi, O., Kuno, E. (2000). Rice plant 
damage distribution and home range distribution of the 
rice field rat Rattus argentiventer (Rodentia: Muridae). 
Belg. J. Zool. 130: 83-91. 

Twigg, L.E., Singleton, G.R., Kay, B.J. (1991). Evaluation 
of bromadiolone against house mouse (Mus 
domesticus) population in irrigated soybean crops. I. 
efficiency of control. Wildl. Resea. 18: 265-274.  

Wilson, D.E., Reeder, D.M. (1993). Mammals Species of 
the world: a Taxonomic and Geographic Reference. 
Smithsonian Institution Press, Washington and London.  

Windberg, L.A. (1998). Population trends and habitat 
association of rodents in southern Texas. Am. Midl. 
Nat., 140: 153-160. 

Wube, T. (2005). Reproductive rhythm of the grass rat, 
Arvicanthis abyssinicus, at the Entoto Mountain, 
Ethiopia. Belg. J. Zool., 135: 53-56. 

Venturi, F.P., Chimimba, C.T., Aarde, R.J., Fairall, N. 
(2004). The distribution of two medically and 
agriculturally cryptic rodent species, Mastomys 
natalensis and M. coucha (Rodentia: Muridae) in South 
Africa. Afr. J. Ecol., 39: 235-245. 

 
 



 
 


