
i 
 

ECOLOGY OF RODENT PEST SPECIES IN MAIZE AGRO-ECOSYSTEMS IN 

SEMI-ARID AREAS IN TANZANIA 

 

 

 

 

 

 

 

 

EMMANUEL CHEMU M. MLYASHIMBI 

 

 

 

 

 

 

 

A THESIS SUBMITTED IN FULFILMENT OF THE REQUIREMENTS FOR THE 

DEGREE OF DOCTOR OF PHILOSOPHY OF SOKOINE UNIVERSITY OF 

AGRICULTURE. MOROGORO, TANZANIA. 

 

 

 

 

2019 

 



 
 
 

ii 
 

EXTENDED ABSTRACT 

   

The ecology of rodent pest species is an important aspect that enables understanding of 

population characteristics and the type of crop damage caused by rodents in different 

locations. It is a basis for effective Ecologically-Based Rodent Management (EBRM) 

strategies. Rodent pest species are found in different parts of the world and have adapted 

to different life-styles such as terrestrial, aquatic, arboreal and underground dwellings. 

Rodent pests are seed/seedlings predators and cause high crop yield losses in the field and 

the storage. They also transmit many diseases to humans and animals. 

 

Studies carried out in areas with bimodal rainfall patterns in Tanzania and elsewhere have 

reported that rodent pests are generalists as well as omnivorous. Their breeding patterns 

depend on food availability and/or rainfall. The current research aimed at understanding 

the ecology and population characteristics of the dominant rodent pest species in semi-arid 

areas of Tanzania as a basis for effective EBRM. 

 

Studies were carried out at Isimani division in Iringa region, Tanzania from 2015 to 2018. 

The study sites have a unimodal rainfall patterns (semi-arid) and experience frequent 

rodent outbreaks. Three methods  were used (i) The Capture-Mark-Release method with four 

60 m x 60 m grids using Sherman live traps (H.B. Sherman Traps Inc., Tallahassee, FL, 

USA). For this method, two grids were set in farmers’ maize fields and another two in 

fallow land. Data from grids were used to determine the breeding potential, population 

dynamics, survival, relative home ranges, sex ratio and recruitment of the dominant rodent 

pest species. (ii) The second method was removal trapping of rodents in two 60 m x 60 m 

grids using Sherman live and Snap traps. One grid was located in the farmer’s maize field 

and the other in fallow land. Data from these grids were used to determine the seasonal 
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changes in diet and the breeding patterns of the dominant rodent pest species in the study 

area. (iii) The third method was pre-harvest loss assessment of maize crop due to rodents. 

Two experiments were established; the first one was used to estimate maize seedling 

damage in farmers’ fields. Whereas the second one was used to determine the yield loss by 

simulation at five damage levels viz; 0, 10, 25, 50 and 75% and removing seedlings per 

plot. Variations in damaged maize seedlings were compared between soil types and fields 

for the experiment and damage levels for the several experiments.  

 

Population size of Mastomys natalensis, the dominant pest species was estimated for each 

three-day trapping session using the M(h) estimator of the program CAPTURE and further 

analysis was performed using the SAS system (1997). Tukey test was done to compare the 

differences for mean values for the soil types, habitats and sampling period (months). 

Survival and capture probability of M. natalensis were estimated using multi-event 

capture-recapture models (Pradel, 2005) in E-SURGE (Choquet et al., 2009) such as 

goodness of fit, modelling and recapture estimates. The relative home ranges were 

estimated using the minimum convex polygon method (MCP) with an inclusive boundary 

strip of 5 m (half the length between two consecutive traps) (Stickel, 1954). The R 

packages “adehabitatHR”, “dplyr” and “ggplot2” were used for this analysis. Data for the 

sex ratio were first checked for normality and then subjected to SAS system (1997) where 

fields and months were used as factors. The means separation was done using Fisher’s 

Least Significant Difference method (LSD0.05) in order to determine variables with effect 

among months and between habitats. The proportions of new individuals (recruitment) of 

M. natalensis were compared between habitats and across months. The recruitment data 

were therefore subjected to two way analysis of variance (ANOVA) using SAS System 

(1997). The means separation was done using Turkey-test method to determine significant 

difference between mean values. 
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Data from seedling stage were subjected to two ways analysis of variance (ANOVA) 

using XLSTAT 2018.1.49386 software where soil types and habitats were factors in order 

to establish damage. Means separation was done using Fisher’s Least Significant 

Difference method to determine variables with effect among soil types and fields. For the 

simulation experiment (maize yield loss), data were subjected to one way analysis of 

variance (ANOVA) and Turkey-test to determine the effect of damage levels. Diet 

analyses of M. natalensis, data were done using a beta regression with proportion of diet 

as response variable and habitats and seasons as explanatory variables (using the R-

package “betareg”). The data for reproductively active females of M. natalensis were 

analysed by generalised additive models (GAM) with reproductive status as response 

variable and time (months) and habitats and percentage of diet (vegetative materials and 

seeds) as explanatory variables. 

 

In the study site, Mastomys natalensis indicated the highest proportion compared to other 

species in both habitats and sampling periods. Results from the influence of soil types on 

population dynamics and survival of M. natalensis in semi-arid areas in Tanzania 

indicated higher numbers in sandy loam (7.82) than in black clay (2.89) soils and higher in 

fallow land (40.25) than in maize fields (26.49). Highest rodent density was observed 

during the dry season (from June to August) of each year, while the lowest density was 

recorded during the wet seasons (February to April) in both habitats. Significantly higher 

proportions of reproductively active females of M. natalensis were observed in sandy 

loam (mean = 7.93) than in black clay soils (mean = 2.97). Survival of M. natalensis 

differed between dry and wet seasons and was lower in clay soils during the wet season 

compared to sandy soils. However, there were no significant effects with respect to 

interactions between soil type and habitat, soil type and month, habitat and month and soil 

type, habitat and month of the year. 
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The relative home range sizes of M. natalensis were significantly higher during the wet 

(544 m2 ± 25 SE) than during the dry (447 m2 ± 18 SE) seasons,  higher in males (521 m2 ± 

23 SE) than in females (450 m2 ± 17 SE) and in higher in adults (576 m2 ± 34 SE) than in 

juveniles (459 m2 ± 16 SE). Sex ratio (M:F), was not significantly different (F1, 119 = 0.59, 

p = 0.4445) between habitats, and there were no interaction effects of months and habitat 

on sex ratio (F11, 119 = 1.72, p = 0.0766). The highest sex ratio of M. natalensis was 

recorded in April (mean = 0.59±0.06) and lowest in September and October (average 

mean = 0.28±0.06). Recruitment was significantly different (F1, 119 = 14.34, p = 0.0002) 

between habitats, with higher numbers of M. natalensis recorded in maize fields (mean, 

0.43) than in fallow land (mean, 0.32). A significant difference (F11, 119 = 10.17, p < 

0.0001) in recruitment was also observed across the months, with the highest recruitment 

of M. natalensis recorded from April to July and lowest from October to December. 

However, there were no significant interaction of months and haitats (F11, 119 = 1.72, p = 

0.0766) effects in recruitment of M. natalensis. 

 

Pre-harvest loss assessment of maize crop in semi-arid areas indicated that the fields on 

black clay soils had higher damage of maize seedlings (mean = 59.201±1.714) than fields 

on sandy loam soils (mean = 49.742±1.714). Damages by M. natalensis ranged from 

30.17% to 71.91% across fields. However, there were no interaction effect between maize 

fields and soil types. In the simulation experiment, there were no significant differences (p 

= 0.2357) among maize damage levels, although relatively higher yield losses were 

observed at 75% damage level and relatively lower yield losses in the control. 

 

Results of the diet and breeding patterns of M. natalensis in semi-arid areas indicated that 

vegetative materials and seeds were significantly higher in the diet of M. natalensis 

compared with other food materials. There were significant differences in the proportions 
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of vegetative materials and seeds between seasons (dry and wet), but not between habitats 

(fallow and maize fields). A clear seasonal pattern in the proportion of reproductively 

active females with peaks in April and troughs in October was also observed. Vegetative 

materials were reported to be highest during wet seasons and correlated positively with 

reproductive activity. 

 

The study has demonstrated the importance of ecology and population characteristics of 

rodent pest species with respect to crop damage and yield losses. Based on the findings 

from the study, it was concluded that; Mastomys natalensis was the most abundant rodent 

pest species in the study area comprising greater than 94% of individuals of species 

captured. Other rodent species were captured in low numbers, and included Acomys 

Wilson, Arvicanthis neumani, Gerbilliscus vicinus, Grammomys dolichurus, Lemniscomys 

rosalia, Lemniscomys zebra, Mus spp, Rattus rattus, Thallomys poedulcus, Pelomys fallax 

and Aethomys hindei. The population abundance of M. natalensis varied with soil type and 

season/time of the year. The highest population peak was during the dry season (from June 

to October) and lowest during the wet season (in February to April).  

 

Reproductively active M. natalensis females occured throughout the year, however, the 

highest level was from March to May and the least was from September to December each 

year. Survival of M. natalensis was higher during the wet season of each year in sandy 

loam soils than in black clay soils. The relative home range size of M. natalensis is 

significantly higher during the wet than during the dry season, in males than in females 

and in adults than in juveniles. Recruitment was significantly different between habitats, 

whereby a higher proportion of M. natalensis occured in maize fields than in fallow land. 

The highest recruitment of M. natalensis occured from April to July and was lowest from 

September to December.  
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Pre-harvest loss assessment of maize crop in semi-arid areas indicated higher damage of 

maize seedlings ranging from 30.17% to 71.91% in fields on black clay soils than fields 

on sandy loam soils. In the simulation experiment, there is no significant different among 

maize damage levels, although relatively higher yield losses occurs at 75%, and lower 

yield losses in the control. Results on the diet indicate both vegetative materials and seeds 

were significantly higher in the overall diet of M. natalensis as compared with other food 

materials. The significant differences in the proportions of vegetative materials and seeds 

were observed between seasons (dry and wet), but not between habitats (fallow and 

maize).  

 

To address the gaps revealed from the findings of this study, the following 

recommendations are made; 

Farmers should understand the importance of limiting rodents to fresh vegetative food 

(e.g. young sprouting grass). Regular and sustainable control operations should be 

implemented in targeting the March-May breeding period and recruitment of M. natalensis 

to maintain population size below economic injury levels. They should also be encouraged 

to protect maize fields from rodents’ damage using methods such as improvement of 

cultivation practices, early seed sowing, proper seed covering, early harvesting and proper 

sanitation around crop fields. These practices will reduce their recruitment, home ranges, 

breeding and population increase of M. natalensis.  

 

It is important, however, to train small-holder farmers, village leaders and Agricultural 

Extension Personell on biology and ecology of rodent pests so that they can later 

differentiate them from other vertebrates that may cause damage in their crop fields. 

Consequently, outreach staff (Village Executive Officers and Agricultural Field Officers) 

are advised to work hand in hand with small-holder farmers in order to ensure good 
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transfer of new knowledge and skills used for rodent pest control (ecologically-based 

rodent management strategies) aiming at significantly reducing rodent pest populations, 

breeding, home ranges and recruitment. The villages should not restrict themselves to 

rodenticide application, because, no single pest-management strategy can work 

effectivelly in all managed or natural ecosystems. 

 

More studies are required especially during rodent outbreaks to substantiate with scientific 

proof the small-holder farmers’ knowledge that black clay soils have more rodent 

population. 
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CHAPTER ONE 

 

1.0   GENERAL INTRODUCTION 

1.1   Maize Production 

Maize (Zea mays L.) is the second important staple cereal food crop after wheat 

worldwide (Dugje et al., 2014). It is the world’s most abundantly grown cereal crop, with 

an annual production of over 870 million metric tons (Abdel-Rhman, 2015), United States, 

China and Brazil are the top three maize producing countries in the world, producing 

approximately 563 million metric tons per year (Ranum et al.,2014).  

 

The average yield of maize in most African countries is about 1.6 tons/ha, which is much 

lower compared to the world average yield of 5 tons/ha (Jamil et al., 2012). In East Africa, 

about 15 million hectares are devoted to maize cultivation, with an average production of 

28 million tonnes (FAOSTAT, 2013).  

 

In Tanzania, maize is the major and most preferred staple crop (USAID, 2010), identified 

as a key crop to enhance food production, income, poverty alleviation and food security 

(Homann-Kee et al., 2013). More than half of cultivated land in Tanzania is allocated to 

cereal crops (FAOSTAT, 2014) and is about four million hectares producing five million 

tonnes of grains (FAOSTAT, 2013). Maize is being grown all over the country but more 

intensively in three main agro-ecological zones; the southern highlands (Iringa, Njombe, 

Mbeya, Songwe, Ruvuma, Rukwa and Katavi regions), the lake zone (Mwanza, Simiyu, 

Mara, Geita and Kagera regions) and the northern zone (Arusha, Kilimanjaro, and 

Manyara regions) (Suleiman and Rosentrater, 2015). It was reported that the southern 

highlands are the largest producers of maize and is so-called the “breadbasket” and 

account for over 45% of the total annual maize production in Tanzania (USAID, 2010). 
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The cultivation of this crop is undertaken almost exclusively by small-scale farmers, there 

are exist a few large-scale farmers operating in 750 farms countrywide (SAGCOT, 2010).  

 

1.2   Constraints of Maize Production 

The increase in maize productivity however, has not kept pace with increase in demand 

(Midega et al., 2016). Maize production particularly in the savannas is faced with several 

production constraints which limit productivity and these include; poor soil fertility, 

drought, and pests which can reduce on-farm yield by over 70%, even with the use of 

high-yielding varieties (Oikeh et al., 2003). Weber et al. (2012) termed these constraints as 

abiotic (nutrient deficiencies, environmental conditions, agronomic, logistic or social 

problems) and biotic stresses (vertebrate and invertebrate pests, disease pathogens, 

nematode and weeds).  

 

Among biotic stresses, are rodent pest species that reportedly cause severe damage to 

crops and are responsible for an estimated average annual yield loss of 5% to 15% in 

maize (Makundi et al., 1991) and these losses could feed over two million people (Leirs 

2003). Further more, rodent pest species contribute to high losses in terms of quantity and 

quality due to their consumption and contamination, as they cause direct damage and 

spoilage to stored food with their droppings, urine, saliva and hair, which leads to 

deterioration, potential disease transmission and enhances susceptibility of the grain to 

fungal and bacterial infestations during storage (Mdangi et al., 2013; Gregory 2002). 

 

1.3   Rodent Damage in Maize  

Dramatic rodent outbreaks have been reported in many developed and developing 

countries where intensive and extensive cultivation of agricultural crops is a major activity 

(Fayenuwo et al., 2007). Most rodent species are known for their troublesome nature to 
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man and are noxious pests of agriculture, which damage over 30% of the produced food, 

globally (Takele, 2006). In South America for instance, rodents cause a loss ranging from 

5 - 90% to total production loss of crops (Leirs, 2003), while in Kenya, economic losses 

due to damage by rodents range from 20 - 30% and during rodent outbreaks the damage 

can increase from 34 - 100% loss (Fayenuwo et al., 2007). According to Meheretu et al. 

(2010), 92.1% of small-holder farmers in Ethiopia reported rodents as the main pests in 

crop fields and 88.5% in storage. Pre-harvest maize damages was been reported to range 

from 17 - 82% in some locations and seasons in Tanzania (Mulungu et al., 2003). 

According to Mwanjabe et al. (2002), small-holder farmers in different areas and locations 

in Tanzania have reported chronic rodent damages of over 80% sometimes. 

 

1.4   Demographic Characteristics of Rodent Pest species 

1.4.1   Rodent population changes  

Rodents succumb to starvation, predation, diseases, drowning and other accidents, and 

various other mortality factors (Witmer, 2007). Application of chemical rodenticides 

available on the global market is used to lower rodent pest populations (Singleton et al., 

2005). In Morogoro, Tanzania, studies show that land preparation methods were an 

important factor influencing the population density of Mastomys natalensis in crop fields 

during cropping seasons (Massawe et al., 2006). Variations in reproductive activity, 

particularly the onset and termination of the reproductive period affect recruitment and 

survival, which are key factors in population dynamics (Makundi et al., 2005). Granjon et 

al. (2005) observed a positive relationship between the quality (duration, distribution and 

total amount of rainfall) of the rainy season(s) and reproductive success in populations of 

Mastomys spp, via the quality or quantity, or both, of available food. 
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1.4.2   Breeding seasonality and sex ratio of rodent pests 

Rodent reproductive patterns follow seasonality, in relation to variations in rainfall, and 

reach peaks at the end of the rainy season when resources are plenty (Workneh et al., 

2006). Mastomys natalensis in irrigated rice cropping systems has been reported to breed 

throughout the year but with a highest breeding peak during the rice grain maturity 

(Mulungu et al., 2013). Reproduction is therefore, the most vital source of recruitment that 

influences the population density of rodents (Workneh et al., 2006). Females' social status 

affects its litter's size and sex ratio, whereby high ranking mothers give birth to larger and 

male biased litters (Szenczi et al., 2013). Seasonal changes in infant mortality (due to 

starvation, floods, diseases) would also produce seasonal changes in the proportion of all 

females pregnant, even if the proportion of adults pregnant were constant (Buxton, 1936). 

Breeding activities of M. natalensis have been reported to be triggered by green plant 

materials due to the chemical compound or a secondary plant compound called 6-

methoxy-2-benzoxazolinone (6-MBOA), originating in young sprouting plant or grass 

with a labile precursor formed enzymatically from a glucoside when the plant tissues are 

crushed (Klun and Robinson, 1969; Leirs, 1994). 

 

1.4.3   Home range of rodent pests 

Home-range of small mammals can vary due to intrinsic factors, including breeding 

activity and population density and extrinsic factors including food availability and 

vegetation height which also have a strong influence (Jens et al., 2003). In Tanzania, 

studies conducted in irrigated rice fields showed that adult rodents had larger home ranges 

than sub adults in fallow fields, although no differences with the studied rice fields, 

indicating that fallow fields are more suitable for breeding (Mulungu et al., 2015a). Male 

and female M. natalensis home ranges do not seem to differ and sexually active 

individuals of both sexes were reported to have larger home ranges, indicating that 
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movements were driven by food availability (Mulungu et al., 2015a).  Therefore, it was 

necessary for the reproductively active individuals to acquire more food in order to 

achieve enough energy and succeed in sexual competition.  

 

1.4.4   Rodent survival and recruitment 

Many rodent pests survive and reproduce successfully under a fluctuating environment 

(Mulungu et al., 2013). When conditions change, they can modify their behaviour to suit 

the new conditions (Mulungu et al., 2015b). Recruitment and survival of rodents can differ 

between agro-ecosystems as described by Massawe et al. (2005), who reported that 

recruitment and survival of M. natalensis were higher in slash and burn, compared to 

tractor-ploughed maize fields.  

 

In bimodal rainfall pattern, high quality and abundant food during the cropping season has 

been reported to result in faster growth and better survival for M. natalensis, indicating 

that favourable environmental conditions; such as enough rainfall, has been associated 

with an increase in rodent population densities (Yates et al., 2003), as they supported 

survival, reproductive success, and recruitment (Calisher et al., 2005). Variations in 

reproductive activity, particularly on the onset and termination of the reproductive period, 

affect recruitment and survival, which are key factors in population dynamics (Makundi et 

al., 2006). The highest percentage of recruitment could be related to the greater number of 

immigrants from agricultural areas as a result of disturbances after harvest (Mulungu               

et al., 2015a). Similarly, could also be related to the cultivation and harvesting process in 

the field and to the opportunistic r-strategic population growth of these rodents (Workneh            

et al., 2006). 
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1.4.5   Rodent management strategies  

Rodenticide application is an important tool in rodent damage management, by rapid and 

large-scale population reduction (Witmer, 2007). This reduction, however, is short-term 

and there is a growing concern on the environmental hazards and safety issues associated 

with rodenticide use (Jackson, 2001). Management strategies in Tanzania have been 

reactive and used to manage rodents locally in a certain area (Mulungu et al., 2010). The 

control of rodent pests using rodenticides affects both pest and beneficial wildlife species, 

and is usually inappropriate and cost ineffective in small-scale subsistence agriculture 

(Taylor et al., 2012). In recent years, there have been new developments in rodent pest 

management which includes a system designed to provide early warning of rodent 

outbreaks (Mulungu et al., 2010). This management system has focused on the biology 

and ecology of rodent pests and has involved strategies that are more sustainable and 

environmentally benign, as well as having the positive impact on livelihoods through 

improving the income and health of rural communities (Singleton et al., 2010). 

 

The system is based on rainfall variability that could be used in rodent management 

strategy where temporal fluctuations in rodent numbers and breeding activity could be 

monitored in different location and rainfall regimes (Leirs, 1994). It is obvious that 

breeding peaked towards the end of the main rainy season and continued into the dry 

period. When the short rains of October-January happen and being abundant and well 

distributed, reproduction started earlier and rodent numbers increased faster and being 

active in main breeding season (Mulungu et al., 2010).  

 

These two populations will result into rodent outbreaks in next year (Leirs, 1994). It has 

also been considered as the principal rodent pest management option, promoted for 

developing countries (Wood and Fee, 2003). Consequently, Borremans et al. (2014) and 
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Singleton et al. (2003) have considered this management method as economics of 

particular rat-control strategies in developing countries.  

 

1.5   Justification of the Study 

The impact of rodents in many areas of Tanzania is significant both in agriculture 

(Mulungu et al., 2003) and public health aspects (Katakweba et al., 2012). Rodents eat 

sown seeds before seedling, damage the foliage of the plants and pave the way for entry of 

other organisms such as fungi, viruses and insects, which additionally retard plant growth 

and lower maize yields (Skonhoft et al., 2006). Consequently, in Tanzania, small-holder 

farmers consider rodents to be the major vertebrate pests of maize crop; especially at 

planting and seedling stages and during this time, annual losses are high (Makundi et al., 

2005). Most of the studies on rodent damage in Tanzania have focused on areas having 

bimodal rainfall patterns (Mulungu et al., 2015a; Mulungu et al., 2014; Borremans et al., 

2014; Mulungu et al., 2013; Sluydts, 2009; Skonhoft et al., 2006; Massawe et al., 2005; 

Leirs, 2003). In these areas, M. natalensis was the dominant rodent pest species, 

comprising of more than 60% of animals captured. Mastomys natalensis showed 

continuous breeding in irrigated rice and extended breeding was observed in maize fields 

in areas where small-holder farmers produce two maize crops per year (Mulungu, 2017). It 

was observed that constant supply of water in the irrigated fields allows for continuous 

availability of young green vegetation with germinating crop and weed seeds which 

sustains the rodents (Mulungu et al., 2014). 

  

In Iringa region, specifically, Ismani division, which experiences a unimodal rainfall 

pattern (semi-arid areas), few studies have been done on rodent population characteristics, 

although serious rodent population outbreaks and damage to maize have been reported 

(Tesha, personal communication, 2015). It has been observed that small-holder farmers 
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manage their fields using rodenticides (Ngowo et al., 2005). However, rodenticides used 

in this way are neither economical nor ecologically sustainable since are often applied 

after damage has already occurred (Skonhoft et al., 2006). Successful management of 

rodent populations depends upon correct identification of the rodent species involved and 

requires information on the population characteristics of the pest species in the ecological 

setting where they are found (Tobin and Fall, 2001). Lack of such information hinders 

planning for effective ecologically-based rodent management (EBRM). There was 

therefore, the need to study the ecology and population characteristics of the dominant 

rodent pest species in this semi-arid area with unimodal rainfall patterns as a basis for 

effective EBRM strategies. 

 

1.6   Objectives 

1.6.1   Overall objective 

The overall objective of this study was to generate knowledge - base on the ecology of the 

dominant rodent pest species in Ismani division, Iringa, Tanzania, for improved maize 

crop productivity. 

 

1.6.2   Specific objectives were to: 

i. Identify the rodent species affecting small-holder agricultural communities in 

Ismani division; 

 

ii. Investigate the population characteristics (i.e population dynamics, breeding 

patterns, survival, home ranges, sex ratio and recruitment) of the dominant rodent 

pest species in Isimani division;  

 

iii. Determine the pre-harvest loss of maize crop in semi-arid areas in Tanzania due to 

rodent pests; and, 

http://scialert.net/fulltext/?doi=jbs.2010.333.340&org=11#128448_ja
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iv. Establish relationships between seasonal changes in diet of the dominant rodent 

pest species and its breeding patterns in semi-arid areas in Tanzania  
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Abstract 

Rodent population dynamics and survival in semi-arid areas of Tanzania were investigated 

in fallow land and maize fields (land use) and two soil types (sandy loam and black clay). 

Capture-Mark-Release (CMR) methods with four 60 m × 60 m trapping grids, (two in 

maize and two in fallow mosaic fields) were used. Mastomys natalensis comprised >94% 

of the total captures, and the remaining six percent comprised 11 other small mammals 

species. The number of M. natalensis was higher in sandy loam (7.82) than in black clay 

(2.89) soils and higher in fallow land (40.25) than in maize fields (26.49). Highest rodent 

abundance was observed during the dry season (from June to August) of each year, while 

the lowest abundance was recorded during the wet seasons (February to April) in both 

habitats. A significantly different proportion of reproductively active female M. natalensis 

was observed in sandy loam than in black clay soils. It was observed that female M. 

natalensis are found to breed almost throughout the year. Survival of M. natalensis 

differed between dry and wet seasons and was lower in clay soils during the wet season 

compared to sandy soils. However, there were no significant effects with respect to 

interactions between soil type and land use, soil type and month, land use and month and 

soil type, land use and month. Management strategies should therefore, be aimed at 

emphasizing the importance of targeting the March-May in order to interrupt reproduction 

and young rearing. 

 

Key words  

Soil types, land use, population dynamics, survival, M. natalensis, semi-arid, pest 

management 
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1 Introduction 

Rodents are among the most serious threats to food production worldwide (Stenseth et al., 

2003) and major pests in cereal grains, causing both qualitative and quantitative damage 

(Mdangi et al., 2013). Damage to stored maize in developing countries can reach up to 35 

% and even higher in certain cropping seasons during rodent outbreaks (Mdangi et al., 

2013). Rodents also play a role as reservoirs of human and animal diseases such as plague 

in Karatu, Mbulu and Lushoto districts (Kilonzo et al., 2006), leptospirosis in various 

areas in Tanzania (Mgode et al., 2015) and can act as the vector of several zoonotic 

diseases including lassa fever, hemorrhagic fever, lymphocytic choriomeningitis, 

leptospirosis, scrub typhus, toxoplasmosis, murine typhus and Lyme disease (Katakweba 

et al., 2012; Meerburg et al., 2009).  

 

Rodent outbreaks lead to severe food shortages, affecting highly vulnerable and food-

insecure families (Singleton et al., 2010).  In Tanzania, rodent outbreaks were recorded as 

early in 1912 in the Rombo district in Kilimanjaro region (Mulungu et al., 2011), with the 

Multimammate rat (Mastomys natalensis) being the most encountered species in most 

outbreaks across the country (Mulungu et al., 2011; Mwanjabe et al., 2002). Population 

irruptions of this rodent species have caused yield losses of up to 48%, and during severe 

outbreaks damage can be even more than 80% at sowing and seedling stages in maize 

(Mulungu et al., 2003; Mwanjabe et al., 2002). In the Isimani division of Iringa region, 

serious rodent outbreaks and severe damage to maize crops have been occurring in the 

past 20 years (Tesha, P. personal communication, 2015). Farmers in these areas (practicing 

multiple cropping of maize, sunflower, vegetables and other leguminous crops) reported 

rodents as among major constraints in crop production.  It is believed by farmers that areas 

with black clay soil experience more severe rodent outbreaks as compared to areas with 

other types of soils (Kipako, S. personal communication, 2017).   

http://scialert.net/fulltext/?doi=jbs.2010.333.340&org=11#529312_ja
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Most studies revealed that rodent populations can be influenced by factors such as 

vegetation covering (Meliyo et al., 2014), food availability (Busch et al., 2000; 

Mlyashimbi et al., 2018), topography and slope gradient (Wilschut et al., 2012), soil and 

microclimate (Mantilla-Contreras et al., 2011). Indeed, according to Wilschut et al. 

(2012), soil type has a significant influence on the spread and abundance of rodents. More 

specifically, the soil microclimate, which is a function of soil type and micro-geographical 

features, is an important parameter influencing the distribution of rodent burrows 

(Massawe et al., 2008). In addition, climatic variables affecting soil properties may change 

the suitability of an area for rodent species (Hoover et al., 1977). Thus, factors that 

influence burrow structure could ultimately determine the impact a burrow has on soil 

processes in an area (Laundré and Reynolds, 1993). Soil type, temperature, moisture and 

organic matter determine the distribution, abundance and diversity of rodent species 

(Massawe et al., 2008) and population growth of M. natalensis in agricultural farms 

(Meliyo et al., 2015). For example, in the Mediterranean region one of the major factors 

affecting rodent burrowing is soil water content since it directly influences density, 

cohesiveness, and shear strength of a given soil (Lövy, 2015). According to Verheye and 

de la Rosa (2005) reported that clay-rich soils typically shrink and harden during the long 

dry seasons. In this study, the aim was to generate scientific knowledge on the influence of 

soil types on the population dynamics and survival of M. natalensis in semi-arid areas of 

Tanzania where farmers claimed that the population is higher in black clay soils during 

rodent outbreaks as compared to other soils.  

 

The study area has been reported to damage maize seedlings in farmers’ fields ranging 

from 30-71% (Mlyashimbi et al., accepted). Understanding which soil influences the 

population dynamics of rodent pest species remains a key focus that provides vital insight 

into breeding and survival of rodent species that lead to demographic sub-populations that 
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can erupt into an outbreak. This knowledge could also serve as a tool for planning and 

development of pest management strategies for rodent pest species. 

 

2 Materials and Methods 

2.1 Study Area 

This study was conducted in Isimani division in Iringa region, Tanzania. The area is 

located between 35° 16' 13" m E and 35° 56' 56" m E and 8° 8' 14" m S and 7° 13' 68" m 

S, covering at an elevation ranging from 1073 –1356 m above sea level (Fig. 1).  

 

 

Figure 1. Location of study sites in Isimani division, Iringa region Tanzania   

 

The study area has a single rainy season (unimodal rainfall pattern) from November 

through May with clear dry and wet and the mean annual precipitation ranges from 200 to 
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 750 mm/year. It is characterised by low erratic rainfall and periodic droughts giving it a 

semi-arid nature where precipitation is below potential evapotranspiration. Both seasons 

were subdivided on the basis of the rainfall and evapotranspiration relationship into three 

sub seasons (Fig. 2).  

 

 

Figure 2.  Water balance typical for Isimani area in Iringa, Tanzania (day one is equal to 

1st of July). Source: Courtesy to Chidodo (2017) 

Key:  SD = Start of dry season, MD = mid of dry season, ED = End of dry season, SW = Start of 

wet season, MW = mid of wet season and EW = End of wet season   

 

The dry season can be divided into three sub-seasons namely: start dry, mid dry and end 

dry sub-seasons. The start dry sub season is from May to July while, mid dry is from 

August to September and end dry sub-season lasts from October to November. The wet 

season is divided into three sub seasons namely; start wet, mid wet and end wet sub 

seasons. The start wet is from December to January while, mid wet is in February and end 

wet sub-season lasts from March to April.  The area is dominated by mosaic of fallow 

lands and agricultural fields with maize as a major crop. Maize crop reaches physiological 

maturity between May and June and is harvested starting in July to August. 
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2.2 Soil Types and its Characteristics  

In the study sites, soil characteristics, colour and types have been described and mapped as 

shown in Table 1. 

  

Table 1.   Description of the soil types and their characteristics in the trapping sites of 

Isimani division, Iringa region, Tanzania  

Coordinates Field  Soil texture Soil  

colour 

Soil    

drainage 

Soil  

crack 

803822 9157884 Fallow 1 Sandy loam Brown Moderate  No 

805626 9157085 Maize 1 Sandy loam Red Well  Yes 

803852 9165911 Fallow 2 Black Clay Black Moderate Yes 

805452 9168620 Maize 2 Black Clay Black Poor Yes 

Source: Chidodo, 2017 

 

The rodent population and survival in each grid was calculated and determined based on 

available data of soil properties. Soil properties have different effects on the species of 

resident small mammals (Laundre and Reynolds, 1993). Rodent trapping was carried out 

in four grids with soil types ranging between sandy loam and black clay (Table 1). 

 

2.3 Rodent Trapping 

Capture-Mark-Release (CMR) methods were carried out from February 2015 to January 

2018. A four 60 m x 60 m trapping grids of which first two in maize fields (one in clay 

and other in sandy loamy soils) and the other two in fallow land in similar soils as maize 

fields. Grids were laid and set in famers’ fields and separated by at least >300 m. Each 

grid consisted of seven parallel lines, 10 m apart and seven trapping stations per line 10 m 

apart (a total of 49 trapping stations/grid). One Sherman LFA live trap (8 × 9 × 23 cm, H. 

B. Sherman Traps Inc., Tallahassee, FL, USA) was placed at each trapping station and for 

three consecutive nights at intervals of four weeks. Traps were baited with peanut butter 
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mixed with maize bran/maize flour, placed in the field during afternoon and inspected 

early in the morning. 

 

2.4 Data Analysis 

2.4.1 Small mammal 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 size estimation 

The population size was estimated for each three-day trapping session using the M(h) 

estimator of the program CAPTURE. Further analysis was done using the SAS System 

(1997) for two ways ANOVA (habitats and soil types) and comparison of significant 

differences of mean values for effect of soil type, habitat and sampling period (month) was 

done by means separation test using the Tukey test method. 

 

2.4.3  Survival  

For the CMR analysis we decided to focus only on M. natalensis, since this was the most 

dominant species. The dataset consisted of 4311 captures of 1635 unique M. natalensis 

individuals. Survival and capture probability of M. natalensis were estimated used multi-

event capture-recapture models (Pradel, 2005 in E-SURGE; Choquet et al., 2009).  

 

2.4.4  Goodness of fit 

A goodness of fit (GOF) test was carried out with the program U-CARE to evaluate 

potential confounding factors such as an excess of transience animals and trap-dependence 

(Choquet et al., 2009; Pradel et al., 2003). The GOF test showed that there was an excess 
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of transient individuals in this dataset (see results), which are individuals that were 

captured only once during one secondary capture occasion. These individuals were (most 

likely) not re-encountered because they moved outside of the trapping grid, and not 

because they died shortly after release.] Since we were interested in survival and capture 

probability of only resident animals, we decided to remove all transient animals (N = 755) 

from the dataset (Sluydts et al., 2007). Additionally, the GOF test showed that trapped 

individuals were trap happy, meaning that the capture probability of individuals captured 

in the previous session was higher than those that were not captured in the previous trap 

session (see results). We implemented the aware-unaware method, described by Pradel 

and Sanz-Aguilar (2012) to correct for trap awareness. 

 

2.4.5   Modelling 

Survival and capture probability of M. natalensis were estimated using multi-event 

capture-recapture models (Pradel, 2005 in E-SURGE; Choquet et al., 2009). Multi-event 

models are an extension to classic capture-recapture models (Lebreton and Pradel, 2002) 

where the number of states can be greater than the number of events. This allowed 

incorporating detection heterogeneity into the models (Pradel and Sanz-Aguilar, 2012). As 

mentioned before, trapping was done using Pollock’s closed robust design, where the 

population is assumed to be closed (i.e. no entry or exit of individuals into the population) 

within each trap session and open between trapping session (Pollock, 1982). However, it 

was hard to fix survival probability within each trap session to one. An initial set of 

models were run to test whether sex impacted on survival. The best model did not show 

survival varying by sex (Mulungu et al., 2015), and hence all further analysis combined 

the sexes.  We ran 20 models (Table 4) where survival was allowed to differ between the 

two habitats (fallow land and maize field), soil type (sandy or clay), among all four fields 

or no difference at all. Survival in each of these four main models was allowed to vary 
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between seasons (dry and wet) and sub season (start dry/wet, mid dry/wet, end dry/wet 

sub-seasons) and with time dependence over the three years. Since variation in survival 

probability is the main focus of this work, we decided to use the same capture parameters 

for each model.  

 

Similarly, the capture probability was allowed to differ between; (i) trap aware 

(individuals that were trapped in the session before) and trap unaware individuals (those 

that were not captured in previous trap session), to account for the trap dependence, (ii) 

between the four different fields, since initial modelling showed that these models fitted 

the data more closely (i.e. lower AIC). Models were ranked using Akaike’s information 

criterion (AIC) (Burnham and Anderson, 2004), where the model with the lowest AICc 

value was the best fit for the data. Where ∆AICc (the difference in AICc between models) 

for any two (or more) models with < 2.0, they were both deemed to be equally good. 

 

3. Results 

3.1 Species composition 

A total of 2501 rodent individuals and 44 shrews were captured in the study area. The 

rodent species captured were M. natalensis, Lemniscomys rosalia, Gerbilliscus vicinus, 

Arvicanthis neumani, Thallomys paedulcus, Acomys wilsoni, Grammomys dolichurus, 

Pelomys fallax, Lemniscomys zebra, Rattus rattus, Mus minutoides and Aethomys hindei 

(Table 2). Mastomys natalensis comprised the highest proportion (>94%) of small 

mammal species captured in the study area (Table 2). 
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Table 2.   Species composition of small mammals in maize fields and fallow land in the 

study area 

Field types 

S/no Species trapped Fallow land 1 

Number 

Maize field 1 

Number 

Fallow land 2 

Number 

Maize field 2 

Number 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

Mastomys natalensis  

Acomys wilsoni,  

Arvicanthis neumanni,  

Crocidura spp 

Gerbilliscus vicinus 

Grammomys dolichurus 

Lemniscomys rosalia 

Lemniscomys zebra,  

Mus minutoides 

Rattus rattus 

Thallomys paedulcus 

Pelomys fallax 

Aethomys hindei 

1 215(94.40%) 

0 (0.00%) 

38 (2.95%) 

12 (0.93%) 

9 (0.70%) 

3 (0.23%) 

3 (0.23%) 

2 (0.16%) 

0 (0.00%) 

0 (0.00%) 

1 (0.08%) 

2 (0.16%) 

2 (0.16%) 

410(96.93%) 

1 (0.24%) 

3 (1.71%) 

6 (1.42%) 

1 (0.24%) 

0 (0.00%) 

1 (0.24%) 

0 (0.00%) 

1 (0.24%) 

0 (0.00%) 

0 (0.00%) 

0 (0.00%) 

0 (0.00%) 

620(94.66%) 

0 (0.00%) 

11 (1.68%) 

24 (3.66%) 

0 (0.00%) 

0 (0.00%) 

0 (0.00%) 

0 (0.00%) 

0 (0.00%) 

0 (0.00%) 

0 (0.00%) 

0 (0.00%) 

0 (0.00%) 

172(95.56%) 

2 (1.11%) 

0 (0.00%) 

3 (1.67%) 

0 (0.00%) 

0 (0.00%) 

2 (1.11%) 

0 (0.00%) 

0 (0.00%) 

1 (0.56%) 

0 (0.00%) 

0 (0.00%) 

0 (0.00%) 

 Total 1 287 (100%) 423 (100%) 655 (100%) 180 (100%) 

 

 

3.2 Population Dynamics 

Since M. natalensis constituted the species captured in the highest proportion in both land 

use (maize fields and fallow land) and sampling period (months), subsequent analyses 

were carried out based on this species. There was a significant difference (F1, 95 = 30.67, p 

= 0.0001) between soil types whereby sandy loam (mean = 43.17) had a higher number of 

M. natalensis compared to black clay soil (mean = 28.58). Similarly, a significant 

difference was observed by months (F11, 95 = 3.80, p = 0.0002) whereby the population of 

M. natalensis was higher from June to August each year and lowest in March and April. 
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Significant differences were recorded between land use (F1, 95 = 0.94, p = 0.0001) where 

population in fallow land (40.25) was higher than in maize fields (26.49) (Fig. 3).  

 

  

 

Figure 3.  Population abundance/0.5ha of M. natalensis captured in two land uses in the 

study area of Isimani division, Tanzania 

 

However, there were no significant effects with respect to interactions between soil type 

and land use (F1, 95 = 0.43, p = 0.52), soil type and month (F11, 95 = 0.90, p = 0.543), land 

use and month (F11, 95 = 0.53, p = 0.879) and between soil type, land use and month (F11, 95 

= 0.19, p = 0.980) over the study period. 

 

3.3 Breeding Patterns  

Significant differences were observed between soil type (F1, 95 = 16.97, p = 0.0001) 

whereby sandy loam (mean = 7.93) had a higher number of reproductively active female 

M. natalensis compared to black clay soil (mean = 2.97). Significant differences were 

observed between land use (F1, 95 = 0.01, p = 0.0001) whereby fallow land (mean = 10.99) 

had a higher number of reproductively active female M. natalensis compared to maize 

fields (mean = 7.79). Similarly, a significant difference (F11, 95 = 0.50, p = 0.0001) was 

Cropping period Cropping period Cropping period Cropping period 
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 observed across month, where more reproductively active female individuals were 

observed from February to June and the least from September to December each year  

(Fig. 4).  

 

 

 

 

 

Figure  4. Percentage reproductive activity of female M. natalensis captured in fallow land 

and maize fields in the study area of Isimani division, Tanzania from January 

2015 to January 2018.  
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No significant difference was observed on the interactions of soil type and month (F11, 95 = 

2.37, p = 0.17), land use and month (F11, 95 = 1.95, p = 0.42), between land use (F1, 95 = 

0.56, p = 0.4581) and among the interaction of soil type and land use (F1, 95 = 0.50, p = 

0.48) and between soil type, land use and month (F11, 95 = 0.26, p = 0.99). 

 

3.4 Survival of M. natalensis 

3.4.1 Goodness of fit 

The GOF test showed strong deviation against the assumption on transience (TEST 3.SR 

one sided test for transience: χ2 = 239, df =105, p < 0.0001) and trap- dependence (TEST 

2.CT, χ2 = 452 df =105, p < 0.001, animals became trap-happy). There were 46% of M. 

natalensis trapped only once and were subsequently deleted from the dataset. Removing 

the transience individuals removed the transience effect (TEST 3.SR one sided test for 

transience χ2 = 239, df = 98, p = 1); however, the deviation against trap-dependence 

remained in the dataset (TEST 2.CT, χ2 = 264 df =105, p < 0.001), i.e. animals became 

trap-happy after being trapped. We corrected for this trap-dependence by creating two new 

states: trap aware (previously trapped) and trap unaware (not trapped in previous session) 

both with a different capture probability as described by Pradel and Sanz-Aguilar, (2012). 

 

3.4.2 Modelling 

From all the 20 models we ran, the four highest ranked models (with the lowest AICc) all 

supported variance in survival probability between sub-seasons which varied over the 

three years (Table 3). The next four models had the same time dependence over the two 

different seasons (Table 3). This suggests that survival probability differed between the 

seasons and between the three years. The model that best fitted our data (with the lowest 

AICc value, Table 3) was the model where survival probability differed between soil types 

(black clay and sandy loam) and varied between sub-seasons over the three years.            
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We found no support for differences in survival probability between the two land use 

types, or between the four fields separately. Survival probability of M. natalensis in the 

wet season was always higher in sandy soils compared to the clay soils. 

  

Table 3. Model selection results of the 20 models. Models are ranked on the AICc from 

low to high 

Model Suvival Np Deviance AICc ΔAICc 

1 Sub season x year x soil 41 11755.54 11838.54 0 

2 Sub season x year 23 11798.28 11844.6 6.06 

3 Sub season x year x habitat 41 11767.91 11850.91 12.37 

4 Habitat     

 Sub season x year x field 76 11704.06 11859.49 20.95 

5 Season x year x soil 19 11837.98 11876.2 37.66 

6 Season x year x habitat 19 11839.26 11877.48 38.94 

7 Season x year x field 33 11811.79 11878.44 39.90 

8 Season x year 12 11857.21 11881.3 42.76 

9 Season x soil 9 11864.8 11882.85 4431 

10 Season x field 13 11857.32 11883.43 44.89 

11 Sub season x field 29 11831.07 11889.57 51.03 

12 Sub season x soil 17 11856.64 11890.82 52.28 

13 Season x Habitat 9 11878.93 11896.99 58.45 

14 Season 7 11884.32 11898.36 59.82 

15 Sub season x habitat 17 11867.14 11901.32 62.78 

16 Sub season 11 11879.94 11902.02 63.48 

17 Soil 7 11973.41 11987.45 148.91 

18 Habitat 7 11973.48 11987.51 148.97 

19 Field 9 11970.14 11988.19 149.65 

20 Cte 6 11976.39 11988.41 149.87 

Note: The best model (with the lowest AICc) is shown in bold. For each model, the number of parameters 

(Np), deviance and AICc are given. ΔAICc is the difference in AICc between the current model and the top 

ranked one. For each model, we used the same capture probability, which differed between the four fields 

and between trap aware and unaware individuals. 
 

 

In the first wet season in 2015 the survival probabilities were the same pattern as in the 

second wet season as well as in the third wet season in 2017 (Table 4). However, survival 

probability in the last wet season was similar between the two soil types in 2017, but the 

standard error in the clay soil was extremely high. Within the dry seasons survival 

probability differed between the two soils, but there was no clear pattern as within the wet 
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seasons. At the start of the first dry season (2015) survival probability between the two 

soil types were similar but switched during the middle and end of the first dry season 

(Table 4). At the start and middle of the second dry season (2016) survival probability was 

similar for both soil types but survival decreased at the end in the sandy soil. In the last 

dry season, survival probability in sandy soils was higher at the start than clay soils, but 

lower in the middle (Table 4). At the end of the last dry season survival was similar 

between the fields (Table 4). 

 

Table 4: Survival probabilities (mean ± standard error) of Mastomys natalensis in different 

seasons and soil types 

Year Season Soil type 

Sandy soil Clay soil 

2015 MW 0.89 ± 0.09 0.79 ± 0.13 

MD 0.69 ± 0.04 0.81 ± 0.05 

EW 0.62 ± 0.06 0.42 ± 0.09 

ED 0.72 ± 0.05 0.53 ± 0.06 

SD 0.79 ± 0.03 0.83 ± 0.04 
2016 SW 0.56 ± 0.06 0.38 ± 0.10 

SD 0.79 ± 0.04 0.81 ± 0.05 

MW 0.88 ± 0.04 0.88 ± 0.04 
MD 0.88 ± 0.04 0.88 ± 0.04 

EW 0.78 ± 0.06 0.71 ± 0.12 

ED 0.75 ± 0.04 0.91 ± 0.04 

2017 SW 0.63 ± 0.16 0.69 ± 0.49 
 SD 0.87 ± 0.04 0.71 ± 0.09 

MW 0.39 ± 0.08 0.36 ± 0.12 

MD 0.65 ± 0.06 0.88 ± 0.10 

EW 0.51 ± 0.07 0.26 ± 0.09 

ED 0.77 ± 0.07 0.77 ± 0.16 
Key:  SD = Start of dry season, MD = mid of dry season, ED = End of dry season, SW = Start of wet 

season, MW = mid of wet season and EW = End of wet season   

 

3.4.3 Recapture estimates 

Each model was run with the same recapture structure. From the final model, it was found 

that trap aware individuals (those were caught at time -1) had a higher capture rate than 

trap unaware individuals, but it differed between the four fields (fallow and sandy field: 

aware = 0.40 ± 0.01, unaware = 0.25 ± 0.01; maize and sandy: aware = 0.41 ± 0.02, 
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unaware = 0.25 ± 0.01; fallow and clay: aware = 0.51 ± 0.01, unaware = 0.34 ± 0.01 and 

maize clay: aware = 0.36 ± 0.02, unaware = 0.21 ± 0.02). 

 

Based on the best model, the survival of M. natalensis was significantly different between 

land use and time. However, the survival of M. natalensis was not significantly different 

between maize field (average = 0.68) and fallow land (average survival = 0.63) over time, 

and between sandy loam soil (average survival = 0.65) and black clay soil (average 

survival = 0.64). 

 

4 Discussion 

In the current study area, the rodent populations captured were dominated by Mastomys 

natalensis. This dominance is consistent with previous studies by Mulungu et al. (2014); 

Mulungu et al. (2013) and Vibe-Petersen et al. (2006). Results in the current study 

revealed that population density was higher in fallow land compared to maize fields, 

indicating that fallow land encourages more rodents to reside in the relatively densely 

vegetation covered sites (Kluever et al., 2016). Similar results had been reported by Leirs 

et al. (1997), who studied spatial dynamics and breeding patterns of M. natalensis and 

showed higher densities in fallow land compared to maize field. It was also reported that 

M. natalensis were most commonly found in areas or sites with many bushes or tall 

grasses (Mulungu et al., 2013).  

 

The results also showed that the population was higher in fallow land compared to maize 

fields. This is similar to the findings by Mulungu et al. (2013) in bimodal rainfall patterns 

in irrigated rice where it was observed that population was higher in the fallow lands 

compared with rice field. The current study area recorded extended breeding patterns of 

M. natalensis from January to October with highest peaks of reproductive activity 
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occurring in April and May. During this time, rainfall seemed to play a strong influence on 

the reproductive activity triggered by secondary compounds obtained from young 

vegetative materials when the animals have consumed. It was reported that green plant 

food (vegetative materials) induces breeding in M. natalensis due to the presence of a 

secondary plant compound 6-methoxy-2-benzoxazolinone (6-MBOA) which originates in 

young sprouting plants or grasses with a labile precursor formed enzymatically from a 

glucoside when plant tissues are crushed (Klun and Robinson, 1969). According to 

Makundi et al. (2007) reproductive activity in tropical rodents has conventionally been 

related to rainfall. Other studies in Africa have also linked reproduction of rodents with 

rainfall (Achigan et al., 2003; Workneh, 2003). Results from the current study indicated 

that reproductively active and inactive female M. natalensis were present throughout the 

year. This was probably due to the revealed observation on Normalised Difference 

Vegetation Index (NDVI) from the same location of the study (semi-arid areas) that 

reported to predict rodent abundance and compares better with field measured rodent 

abundance than the rainfall predicted abundance (Chidodo, 2017). 

 

The current study indicated that the best model had soil type in it, meaning that there was 

a difference in survival between the soil types, but not the land use. It seems that survival 

in clay soil types was always lower than in sandy loam, but only in the wet season.  

 

This could be due soil cracks that inhibit rodent movement or that rain water does not flow 

through clay soils as easily when compared to sandy soils that enable movement and easy 

burrowing for rodents. In the dry season it is unclear. Previous studies have indicated that 

the rates of survival and recruitment are necessary components of models that describe 

and explore the changes of animal population size (Mulungu et al., 2015). According to 

Mlyashimbi et al. (2018) observed that M. natalensis in semi-arid areas have a longer 
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period of reproductive activity compared with other locations in Tanzania with bimodal 

rainfall patterns and single cropping season (Mulungu, 2017). 

  

Our results also showed that the population of M. natalensis in the sandy loam was 

significantly higher than in black clay soils. The reason for lower population abundance of 

M. natalensis in black clay soils was probably due to wide and deep cracks formed during 

extensive dry period that restricted movement and burrowing for this species and thus, 

providing plentiful shelter opportunities and the potential to support high densities of 

native predators such as bush cats (Leptailurus serval) and snakes which predate on 

rodents.  Similar observation by Massawe et al. (2008) reported that rodents prefer loam-

textured soils with a high percentage of sand, which are probably better than clay soils for 

burrowing and nesting, particularly in the rainy season (Massawe et al., 2008). Survival 

rates of M. natalensis were higher in the rice fields compared with fallow land (Mulungu 

et al., 2013). In the other hand, Pavey et al. (2014) observed that Pseudomys australis are 

favoured by clay soils when form wide and deep cracks over an extensive area which 

provide plentiful shelter opportunities and result high densities. 

 

5 Conclusion 

Mastomys natalensis is the most abundant rodent pest species in the study area and its 

population abundance varied with soil type and season/time of the year. The highest 

population peak was observed during the dry season (from June to October) and lowest 

during the wet season (in February to April). Female M. natalensis were reproductively 

active throughout the year, although reproduction reaches the highest level in March to 

May, which corresponds to the long rainfall, suggesting reproduction is highly influenced 

by rainfall. Survival of M. natalensis was higher during the wet season of each year in 

sandy loam soil than in black clay soil. However, no significant difference was recorded 
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between survival rates of M. natalensis in land use with time. Management strategies 

should, therefore, be aimed at emphasizing the importance of targeting the March-May in 

order to interrupt reproduction and young rearing. 
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Abstract  

Investigation of home ranges, sex ratio and recruitment of the multimammate rat 

(Mastomys natalensis) in semi-arid areas of Tanzania was conducted in maize and fallow 

fields using the capture-mark-release (CMR) technique.  The aim of the 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 m2 ± 25 SE) than during the dry 

(447 m2 ± 18 SE) season, in males (521 m2 ± 23 SE) than in females (450 m2 ± 17 SE) and 

in adults (576 m2 ± 34 SE) than in juveniles (459 m2 ± 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 highest recruitment recorded from April to July and lowest from October 

to December. Management strategies 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: Rodent pests, habitats, home range, semi-arid, recruitment 

 

3.1   Introduction 

Rodent pests may have a severe impact on crop production in many agro-ecosystems 

around the world (John, 2014; Monadjem et al., 2011; Mulungu et al., 2003). They are 

also carriers of a variety of potentially deadly diseases such as bubonic plague, 

Hantaviruses, Lassa fever and typhus (Katakweba et al., 2012; Neerinckx et al., 2010; 

Kernéis et al., 2009; Meerburg et al., 2009; Taylor et al., 2008). It has been reported that 

many rodent pest species show large spatial and temporal fluctuations in their population 

dynamics (Mulungu et al., 2013) and, as a result, most of them exhibit striking population 
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irruptions during and immediately after years of high rainfall (Meserve et al., 2003; Jaksic, 

2001; Leirs et al., 1996) because of increased food resources (Lima et al., 2006, Mulungu 

et al., 2011). Mastomys natalensis is the most abundant and dominant rodent pest species 

in sub-Saharan Africa and its outbreaks and impact to agriculture has been reported by 

several studies (Mulungu et al., 2013; Mulungu et al., 2003; Leirs et al., 1996). 

 

Despite some knowledge of the seasonal changes in population and breeding patterns 

(Mlyashimbi et al., 2019) and diet (Mlyashimbi et al., 2018) of M. natalensis in maize 

agro-ecosystems in semi-arid areas of Tanzania, 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 populations of small mammals (Gehring and Swihart, 

2004). In addition, it has been used to test behavioral hypotheses regarding cycles of 

population fluctuations in several 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), for example, the home range was smaller in areas when food 

was available, whereas in areas of poor food quality, it was larger. In addition, many small 

mammals, expand their home ranges in the summer where food is in scarcity, also 

coinciding 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 M. natalensis were greater than those of non-reproductive ones 

(Workneh et al., 2006). In West Java, for example, rice-field rats (Rattus argentiventer) 

react to harvest-induced changes in habitat structure by relocating their home ranges on 

average 300–400m to piles of rice straw on the fields and to unharvested areas. This 
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results in a postharvest decrease of home range size, which may indicate an immediate 

response to increased predation risk (Jacob et al., 2003).  

 

It is believed that the 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 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 o f 

individuals, which generates a system of hierarchies and where subordinate males increase 

their area of activity during reproduction (Hernández-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 (Hernández-

Betancourt et al., 2003, Frynta et al., 2005), especially during events such as pregnancy 

and lactation (Mikesic and Drickamer 1992). Mastomys natalensis populations in single 

cropping areas can have a marked reproductive 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 

throughout the year.  

 

Another important parameter that determines population outbreaks of rodents is 

recruitment, which can be defined as the temporal measure of the proportion of new 

individuals brought into the population (Mulungu et al., 2015a, Massawe et al., 2005). 

Recruitment can differ between agro-ecosystems, for example, Mastomys natalensis had 

higher recruitment rates in slash-and-burn compared to tractor-ploughed maize fields 
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(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 r interactions 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 

environments (Massawe et al., 2007, Mohr et al., 2007, Monadjem and Perrin, 2003) 

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 recruitment of M. natalensis in semi-arid 

areas of Tanzania 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 at low populations. 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 recruitment rate of M. natalensis. Results of this study can be used to 

better inform management strategies.  

 

3.2   Materials and Methods 

3.2.1   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                        

1 073 and 1 356 m above sea level (Fig. 1).  
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Figure 1: Location of the study site – Ismani division, Iringa region, Tanzania  

 

It has a unimodal rainfall pattern with distinct dry and wet seasons. The mean annual 

precipitation ranges from 200 to 750 mm/year. It is characterised by low erratic rainfall 

and periodic droughts giving it a characteristic semi-arid nature where precipitation is 

below potential evapotranspiration. 
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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. 

 

3.2.2   Trapping rodent species 

A capture–mark–recapture study was carried out from February 2015 to January 2018. 

Four 60 m x 60 m trapping grids of which first two in maize fields (one in clay soils and 

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 twenty times the average home range radius of M. 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 stations/grid).  

 

One Sherman LFA live trap (8 x 9 x 23 cm, H.B. ShermanTraps Inc., Tallahassee, FL and 

U.S.A) was set at each trapping station for three consecutive nights at intervals of four 

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 following 

morning as described by Mulungu et al. (2011). 

 

3.2.3   Data Collection 

Captured animals were identified to 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) 
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and reproductive status i.e. perforated or closed vagina for female, and scrotal or non-

scrotal testes for male (Leirs, 1994). 

 

3.2.4   Data Analysis 

3.2.4.1   Home range size 

Home ranges were calculated based on 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 we refer to Supplementary figures: S fig 1).  

 

 

 

These animals were considered 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 analysis. Home range size was calculated using the minimum convex 

polygon method (MCP) with an inclusive boundary strip of 5m (Borremans et al., 2014). 

Although previous studies have shown that MCP underestimates the true home range size 
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of M. natalensis (especially if they are captured only a few times), this was not of concern 

in our study since we were only interested in the relative differences only (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 packages “adehabitatHR”, “dplyr” and “ggplot 2” were used for this analysis 

(Calenge 2006, Wickham 2009, Wickham et al., 2018). 

 

3.2.4.2   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 since 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., 1997) where habitats and months were 

factors. The means separation was done using Tukey post-hoc test to determine the 

significant difference of means between habitats and months. 

 

 3.2.4.3   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 M. natalensis were compared between months and habitats and data 

were subjected to a two-way Analysis of Variance (ANOVA) using SAS Institute Inc. 

(1997). The means separation was done using Tukey post-hoc test to determine the 

significant difference of means between habitats and months. 
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3.3   Results 

3.3.1   Home ranges of M. natalensis 

The relative home range size of M. natalensis was significantly higher during the wet than 

during the dry season (respectively 544 m2 ± 25 SE and 447 m2 ± 18 SE , nwet = 287 and 

ndry=394, χ2 = 1.9, df = 1, p = 0.0150) (Fig 2), in males than in females (respectively 521 

m2 ± 23 SE and 450 m2 ± 17 SE, nmales = 360 and nfemales =321, χ2 = 4.5, df = 1, p = 0.0367) 

and in adults than in juveniles (respectively 576 m2 ± 34 SE and 459 m2 ± 16 SE; nadults 

168 and njuveniles =513, χ2 = 8.5, df = 1, p = 0.0032). Differences between the categories and 

there interactions are presented in the supplementary figures (S. Fig. 2-4). No significant 

differences were found between habitats (χ2 = 5.1, df = 3, p = 0.1808   (Fig.  2). 

 

 

Figure 2: Mean (±SE) relative home range size of Mastomys natalensis 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 
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3.3.2   Sex ratio 

Statistically, there was no difference (F1, 119 = 0.59, p = 0.44) between habitats, whereby a 

relatively higher proportion of female M. natalensis were observed in the maize field 

(mean, 0.42, n = 311) than in fallow land (mean, 0.39, n = 413) (Fig. 3). 

 

 

Figure 3:  Mean (±SE) sex ratio of Mastomys natalensis captured in the study site of 

Isiman division, Iringa, Tanzania 

 

No differences (F11, 119 = 1.72, p = 0.08) in sex ratio of M. natalensis were found on the 

interactions between months and habitats. However, there was a significant effect (F11, 119 

= 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 lowest in September and October 

(average mean = 0.28±0.06, n = 66) respectively. 

 

3.3.3   Recruitment 

Recruitment was significantly different (F1, 119 = 14.34, p = 0.0002) between habitats, 

whereby a higher proportion of M. natalensis was recorded in maize fields (mean = 0.43, n 

= 764) than in fallow land (mean = 0.32, n = 1018) (Fig. 4).  
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Figure 4:  Mean (±SE) recruitment of M. natalensis observed in the study site of Isimani 

division, Iringa, Tanzania   

 

A significant effect (F11, 119 = 10.17, p < 0.0001) was also observed across the months, 

with the highest recruitment of M. natalensis recorded from April to July, and lowest from 

September to December. However, there was no significant difference (F11, 119 = 1.72, p = 

0.077) in the interaction between months and fields. 

 

3.4   Discussion 

The home range of animals is a spatial measure that represents 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 M. 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 (Mulungu et al., 2015b) Borremans et al., 2014, Monadjem and 

Perrin, 1998, Leirs et al., 1996).  This suggests that M. natalensis can easily reside in 

different habitat types. In the current study, larger home ranges of M. natalensis were 

observed during the wet season (plenty of food) than during the dry season (food scarcity). 

In contrast, it has been reported that the home ranges of animals can be smaller in areas  
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where food was available, while it was larger in areas of low food availability (Workneh  

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 towards females in April (with long 

rains) and skewed towards males during the dry period in September and October in both 

habitats. This could be due to reproductive activity of females during the wet season 

where 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 M. natalensis. 

This could be attributed by 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 (West and Wolff, 1999). Males compete for mates whilst females 

seek opportunities 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 alter the distribution of male 
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reproductive success after a period of exceptional recruitment. 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 (Shaner et al., 2017, Welsh 

et al., 2013, Hoset et al., 2008, Hannon and Martin, 2006). 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 reproductive 

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 M. natalensis when compared to 

juveniles. This could be due to the fact that the juveniles are limited in 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 into 

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 recruitment 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 
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observed during the wet season in April to May. Mulungu et al. (2015b, 2011) observed 

higher recruitment in rice fields, related to the presence of high quality food that is 

preferred by M. 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). 

 

3.5   Conclusion 

Based on this study, we demonstrated that home range, sex ratio and recruitment rates of 

M. natalensis differed with seasons and months. Home ranges were observed to be higher 

during the wet than dry seasons, in males than females and in adults than juveniles. Sex 

ratio and recruitment rates were observed to be higher in maize fields than fallow lands. 

The highest recruitment 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.  Unfortunately, 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 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 monitoring and management of rodent pests. 
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Abstract  

Two experiments were conducted viz; estimating maize seedling damage in farmers’ 

fields and a simulation experiment. The aim of this study was, to investigate the impact of 

rodent pest species, damage to maize crop in semi-arid areas at pre-harvest with a view to 

provide farmers with appropriate information on rodent pest management interventions. In 

farmers’ fields, damage assessment was done by counting the number of damaged or 

removed seedlings at each planting hole while yield loss was determined from simulation 
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experiment at five damage levels, viz; 0, 10, 25, 50, and 75% by removing seedlings per 

plot. Variation of damaged maize seedlings was compared between soil type and fields. 

The fields with black clay soils had higher damage of maize seedling (mean = 

59.201±1.714) as compared to sandy loam soils (means = 49.742±1.714). The damage 

ranged from 30.17% to 71.91% in different fields. However, there was no effect observed 

between interactions of maize fields and soil types. Results from simulation experiment 

showed no significant difference (p = 0.2357) among maize damage levels, although 

relatively higher yield losses were observed at 75%, while lowest yield losses in the 

control (0%). The increased seedling damage has an impact on final harvest; therefore, 

ecologically-based rodent management strategies appear to be good solution for reducing 

crop damage and should be encouraged to improve food security for smallholder farmers. 

 

Key words: Damage, yield losses, habitants, M. natalensis, rodent   pest, semi-arid 
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4.1   Introduction 

Rodent pests are serious impediment in agriculture (Singh, 2017; Fayenuwo et al., 2007; 

Stenseth et al., 2003), especially because they breed quickly leading to serious economic 

losses (Mulungu et al., 2005). Rodents also spread diseases through biting people and they 

kill poultry chicks (Meerburg et al., 2009; Katakweba et al., 2012). The damage to crops 

by rodents can be high especially during rodent outbreaks which occur in some years and 

locations (Mulungu, 2017; Mulungu et al., 2003). 

 

The patterns and the extent of damage of maize crop by rodents depend upon the pest 

species, the intensity of infestation, type and the growth stage of the crop, and the nature 

of the surrounding habitat (Mulungu et al., 2005). It is reported that, there are about 31 

rodent pest species that cause crop damage in Tanzania (Mulungu et al., 2005). However, 

Mastomys natalensis is the predominant rodent pest species in the country (Massawe et 

al., 2012; Mulungu et al., 2011) and is found in all maize-growing areas causing serious 

damage to crops before and after harvest (Mulungu, 2017). It is also the most widespread 

rodent pest across Sub-Saharan Africa (Mulungu et al., 2014).  

 

In Northern Ethiopia, for example, farmers reported an estimated pre-harvest yield losses 

of 9-44% in annual production of cereal crops due to rodent attacks (Meheretu et al., 

2010), while 26.4% loss of yield in maize was reported in Central Ethiopia (Bekele                 

et al., 2003). In Western Kenya, rodent pests cause a considerable pre-harvest damages 

and losses of 20% to maize plantation (Tsegaye and Asfawosen, 2015).  In Tanzania and 

Sub-Saharan Africa, a large proportion of crop yield is lost due to rodents (Mdangi et al., 

2013). During rodent outbreaks, significant impact on food security at different scales, 

beginning at the household through regional level has been observed (Leirs et al., 2010) 

and damage ranges from negligible destruction to >80% crop loss (Mulungu et al., 2003). 
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However, maize damage by rodent pests has been reported to vary depending on crop 

growth stages and the infesting rodent pest species (Mulungu, 2017).  

 

In Iringa region, specifically Isimani division, which has a unimodal rainfall patterns and 

semi-arid condition, serious rodent outbreaks and severe damage to maize crop, has been 

reported by farmers for the past 20 years. Little is known on the extent of damage by 

rodent pests on the maize crop. Many studies on maize losses have been reported in 

smallholder fields in areas with bimodal rainfall patterns (Mulungu et al., 2003; Mwanjabe 

et al., 2002; Mwanjabe and Leirs, 1997). It has been reported that more losses occur at 

pre-harvest stages of the crop than at the maturity stage (Mulungu, 2017). Understanding 

the cause and the extent of the damage caused by rodents in maize is important in planning 

management strategies (Mulungu, 2017). The aim of this study was therefore, to 

investigate the impact of rodent pest species damage to maize crop in semi-arid areas at 

pre-harvest, with a view to provide farmers with appropriate information on rodent pest 

management interventions. 

 

4.2   Materials and Methods 

4.2.1   Location of the study area 

This study was conducted in Isimani division, Iringa region, Tanzania. The area is located 

between 35°16'128” and 35°56'560" E and 8°8'142” and 7°13'678" S, covering at an 

elevation of 1073 to1356 m above sea level (Fig. 1).  
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Figure 1. Location of the study sites in Isimani division, Iringa region, Tanzania 

 

The study area has a unimodal rainfall pattern with clear dry and wet seasons and the 

mean annual precipitation ranges from 200 to 750 mm/year. It is characterised by low 

erratic rainfall and periodic droughts giving it a semi-arid nature where precipitation is 

below potential evapotranspiration. 

 

The seasons were subdivided on the basis of rainfall and evapotranspiration into three sub 

seasons. The rainy season is divided into dry and wet seasons. The dry season is further 

divided into three sub seasons namely; start dry, mid dry and end dry sub-seasons. The 

start dry sub season is from May to July while, mid dry is from August to September and 

end dry sub-season lasts from October to November. The wet season is divided into three 

sub seasons namely; start wet, mid wet and end wet sub seasons. The start wet is from 

December to January while, mid wet is in February and end wet sub-season lasts from 

March to April.  Land use is dominated by agriculture with the dominant maize cultivation 
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alternating with fallow lands. Maize reaches physiological maturity between May and 

June and is harvested starting in July to August.  

 

4.2.2   Crop Damage Assessment and Sampling Procedures 

4.2.2.1   Farmer’s fields 

Seven farmers’ maize fields of one acre each from four sites/villages (namely; Kising’a, 

Mkungugu, Nyang’oro and Ndolela) were visited for crop damage assessment at maize 

seedling stage. The soil types, vegetative characteristics and agricultural practices of the 

fields were established as shown in Table 1. 

 

The size of the plots counted were 70 m x 70 m each which corresponds to the field size 

i.e one acre in smallholder farms in Tanzania. Crop damage assessment was carried out 10 

to 12 days after sowing. The non-stratified systematic row-sampling technique described 

by Mulungu et al. (2003) and Mwanjabe and Leirs (1997) was used by sampling every 

individual planting hole in each field. Sampling units were maize rows, four rows apart, 

leaving out the two outer rows. The assessor walked across the field and recorded the 

number of seedlings at each sampled hole in a row. Since two seeds were planted per hole, 

damage was expressed as the proportion of non-emerging seedlings. It was assumed that 

no other pests were causing damage to the seedlings and all missing seedlings were 

therefore attributed to rodent damage. Germination failure due to drought or seed quality 

was assumed to be evenly distributed, but was also considered of low importance in the 

experimental fields. Damage for each planting hole was recorded separately for each field 

in different sites. Data recorded for each planting hole were: planting row number, 

position in the row, and number of non-emerging seedlings (i.e. two minus the number of 

emerged seedlings). 
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Table 1:    Soil characteristics and agricultural practices of study villages in Isimani 

division for maize crop assessment at seedling stage 

S/
n 

Name of village Soil characteristics Vegetative and agricultural 
practices 

Soil 

type 

Colour Drainage Cra-

cks 

 

1 Kising’a-Uyole 
Agric research 

Institution 

Sandy 
loam 

 

Red Moderate No -Surrounded by maize fields 
and fallow land with scattered 

trees, hebercious and grasses 

-Oxen ploughing was used 
2 Mkungugu field A Clay Black Moderate No -Maize fields, fallow land with 

Shrubs, herbs, trees and grasses 

-Tractor tilling was used 

3 Mkungugu field B Clay Black Moderate Yes -Maize fields, fallow land with 
Shrubs, herbs, trees and grasses 

-Tractor tilling was used 

4 Nyang’oro field A Sandy 
loam 

Grey Well No -Maize and sunflower fields, 
fallow land with trees, shrubs, 

bushes and grasses 

-Oxen ploughing was used 
5 Nyang’oro field B Clay Black Poor Yes -Maize and sunflower fields, 

fallow land with shrubs and 

grasses 

-Oxen ploughing was used 
6 Ndolela field A Sandy 

loam 

Brown Moderate No -Maize and sunflower fields, 

fallow land with shrubs, grasses 

-Oxen ploughing was used 
7 Ndolela field B Clay Black Poor Yes -Maize and sunflower fields, 

fallow land with shrubs, grasses 

-Oxen ploughing was used 
Source: Chidodo, 2017 

 

4.2.2.2    Simulation experiment 

A simulation experiment was conducted in three replications and 5 treatments. The main 

area was 62 m x 44 m and each treatment was 10 m x 10 m in size. The plot was located in 

mosaic landscape of maize fields surrounded by fallow land. Maize seeds (of the hybrid 

variety Pannar®) were planted in the field with a spacing of 90 cm by 30 cm. The maize 

damage levels of 0, 10, 25, 50 and 75% of the plant population were established and 

seedlings were removed to maintain these levels 14 days after sowing (DAS). All 

treatments received standard agronomic practices, i.e. early ploughing, weeding, 

application of Di Ammonium Phosphate (DAP) 18% nitrogen (N) and 46% phosphorus 

(P) as P2O5 was applied  at rate of 20 kg/ha. Since its nitrogen content is in ammonium 
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(NH4) form, it is particularly effective in the early developmental stages of plants. Maize 

harvesting was done when the yield reached the required moisture content of 23% at 158 

DAS. Each treatment was harvested and its produce put in a labeled separate sack for one 

week to obtain the standard moisture content. Thereafter, maize cobs were threshed 

separately and sieved.  The weight of each separate sack with maize grains was recorded.   

 

4.2.3   Data analysis 

4.2.3.1   Seedling stage 

Percentage damage of maize seedlings was calculated by dividing the total missing 

seedlings over total expected emerging seedlings, and multiplied by 100 in each field. The 

data were normalized and further subjected to two way of analysis of variance (ANOVA) 

using XLSTAT 2018.1.49386 software where soil types and field were factors. The means 

separation was done using Fisher’s Least Significant Difference method (LSD0.05) in order 

to determine variables with effect among soil types and fields. 

 

4.2.3.2   Simulation method 

The collected yield loss was subjected to one way analysis of variance (ANOVA) using 

SAS System (1997). The means separation was done using Turkey-test method to 

determine the effect of damage levels. 

 

4.3   Results 

4.3.1   Seedling stage 

There were variations in maize seedling damage among the seven fields (Table 2). A 

significant difference (F6, 195 = 45.25, p < 0.0001) of maize seedling damage was observed 

among fields, with highest seedling damage were observed at Mkungugu field B and 

lowest at Nyang’oro field A (Table 2). 
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Table 2:  The damage to maize crop seedlings by rodent pest species in Isimani division, 

Iringa region, Tanzania 

Name of village Planting 

holes 

visited 

Seedling 

counted per 

field 

Expected 

no. of 

seedlings 

per field 

Number of 

seedlings 

damaged 

Crop seedling 

damage x 100 

(%) 

 

Mkungugu field B 1338 756 2676 1920   71.91±2.25a  

Ndolela field B 1557 989 3114 2125 69.17±1.98 ab  

Ndolela field A 991 735 3184 2195 64.21±2.39 b  

Mkungugu field A 1631 1624 3262 1638 50.27±1.85 c  

Nyang’oro field B 973 947 1946 999 50.18±2.49 c  

Kising’a-Uyole 1143 1377 2286 909 39.79±1.92 d  

Nyang’oro field A 655 913 1310 397 30.17±2.84 e  

Note: 1Means of the same column followed by the same letter are not significantly different at 5% 

probability level using Tukey’s test method 

 

 

Similarly, there was an effect (F1, 200 = 15.23, p = 0.000) between soil types, whereby 

higher seedling damaged (mean, 59.20±1.714) was observed in black clay soils than 

(mean, 49.74±1.714) in sandy soils. However, there was no effect (p = 0.362) of 

interactions between fields and soil types. 

 

4.3.2   Simulation experiment 

No statistically significant effects (F4, 8 = 1.73, p = 0.236) were observed among maize 

damage levels. However, relatively higher yield losses (means = 6.85 tons/ha) were 

observed at 75% compared to the relatively lower yield losses (means = 6.45 tons/ha) at 

control treatment (Table 3). 
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Table 3:  Mean weight losses of maize grain per treatment for the simulation experiment 

Treatment (%) Means (tons/ha) 

Control 

10 

25 

50 

75 

LSD0.05 

6.45±0.19 

6.28±0.19 

6.25±0.19 

6.28±0.19 

6.85±0.19 

0.62 

 

4.4   Discussion 

Farmers’ maize fields in the current study area have showed variations in rodent maize 

damage at seedling stage ranging from 30.2 - 71.9%. The current results are within the 

reported range of pre-harvest maize damage by Mulungu et al. (2003) who observed 

maize damage from 17 - 82% in some locations and seasons. In addition, small-holder 

farmers in different areas and locations in Tanzania have been reported the chronic rodent 

damage of sometimes over 80% (Mwanjabe et al., 2002). 

 

Results showed that maize fields with black clay soils suffered serious attacks on maize 

seeds/seedlings by rodent pest species than sandy loam soils. This could be partly 

attributed to the agricultural practices in this area which include, among others, the use of 

tractor tiling during seed sowing. In the process of covering, some seeds might have been 

exposed to the surfaces which were easily eaten by the rodents. According to Brown et al. 

(2017) exposed seeds in the field can be consumed by rodent pests, resulting into few 

plants or plant stands per field. Rodent pests are abundantly occurring in agricultural 

landscapes (Heroldová et al., 2007; Fischer and Schröder, 2014) and can be important 

seed predators (Daedlow et al., 2014). Another reason could be the failure of seeds to 

germinate due to the effect of tillage method where seeds are planted deeply in a 
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compacted soil with low moisture content, a characteristic of semi-arid areas, although this  

was not studied in the current experiment. In soils with low moisture content, the 

germination rate is reduced and seedling emergence is delayed, which increases the 

chance of depredation by rodent pest species (Mulungu, 2003). Soil compaction is a big 

challenge for seed germination in poorly drained clay soils (Chen et al., 2005) especially 

in some specific ecological conditions such as semi-arid areas (Sladonja et al., 2014). It 

has been reported that soils and moisture levels may interact and affect seed viability 

hence poor seed germination in clay as compared to sandy loam soils (Valde´s-Rodrı´guez 

et al., 2012). Deeper planting (in the case of some seeds during tractor tilling) apart from 

reducing final emergence, also exposes the germinating seeds to soil pathogens and insects 

thus increasing the risk of seed rots (Molatudi and Mariga, 2009) this could explain the 

reduce number of plants recorded during this study. In additional, poor aeration, water 

logging and an impervious layer formed by the compact mass structure of the black clay 

soil could have lowered germination capacity. According to Idu et al. (2003) soil 

suitability and effectiveness at inducing germination in seeds and subsequent seedling 

emergence, depends to a large extent on physical properties such as texture, aggregate 

size, water holding capacity, consistence and bulk density of the soil.   

 

It is evident from the present study that maize damage levels (0 to 50%) indicated 

variations in yield losses when plant populations were removed at the early stage and yield 

losses became increased with maize damage level of 75%. Other studies indicated that 

yield losses of 10.9 and 26.4% were recorded when 30 and 45%, respectively of the plant 

population was removed at the early stage indicating that crop damage and yield loss are 

not the same and maize plants could tolerate up to 15% loss of plant populations due to 

pest damage without significant yield reductions (Abdulahi, 1994). However, according to 

Pommel and Bonhomme (1998) who observed that with plant populations of 130 000 per 
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hector, the ears lost corresponding to missing plants are poorly compensated by increased 

yield of surrounding plants because of additional light interception: when two or three 

adjacent plants were missing, compensation for missing plants was only 16% and 34%, 

respectively. 

 

Results from the current study indicated that the simulated yield losses from damage 

levels was used to compare to maize damage assessment during seedling stage, and it was 

found that both of them showed the same trends increasing from lower to greater than 

70%. This implies that seedling losses can lead to yield losses of the crop with the 

relatively the same amount. High seedling losses have also been observed to lead to high 

crop yield losses for both rice (Mulungu et al., 2014) and wheat (Meheretu et al., 2014). 

 

4.5   Conclusion 

The results of this study demonstrate how maize yield losses occur in semi-arid areas as a 

result of seedling damaged by rodent pest species under different soil types and fields.  

To minimize damage, appropriate ecologically-based rodent management strategies 

should be practiced to improve food security for smallholder farmers. It is clear that the 

control of rodents depends upon the site, neighborhood and available food. In this research 

the most important approach for preventing rodent damage to maize seedlings and yield 

losses is to improve cultivation practices. 
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Abstract 

The diet and breeding patterns of Mastomys natalensis in semi-arid areas of Isimani 

division, Iringa region, Tanzania were investigated in maize fields and fallow land. The 

aim was to investigate the influence of diet on breeding patterns of M. natalensis. 

Removal trapping was used to capture rodents and analyse diet categories while Capture-

Mark-Release trapping was used to investigate breeding patterns of female M. natalensis. 

Mastomys natalensis comprised 94% of the total capture and the remaining 6% comprised 

of six other species. Statistical analysis of food preferences indicated that both vegetative 

materials and seeds were significantly higher in the overall diet of M. natalensis compared 

to other food materials. Significant differences in the proportions of vegetative materials 
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and seeds were found between seasons (dry, wet), but not between habitats (fallow, 

maize). There was a clear seasonal pattern in the proportion of reproductively active 

females with peaks in April and troughs in October. The proportion of vegetative materials 

was highest during the wet season and correlated positively with reproductive activity, 

suggesting that vegetative materials contain certain compounds (e.g. 6-MBOA) that 

trigger reproductive activity in M. natalensis. The breeding activity of M. natalensis in 

semi-arid areas might thus be reduced by limiting access to fresh vegetative food (e.g. 

young sprouting grass). 

 

Keywords: breeding, diet, Mastomys natalensis, rodent pest, semi-arid, Tanzania  

 

1. Introduction 

Rodents are a long-standing pest problem throughout the world, which disproportionately 

affects rural farmers through damage and loss of field and stored crops (Mulungu, 2003; 

Mdangi et al., 2013), transmission of diseases (Katakweba et al., 2012) and degrading 

building structures (Belmain et al., 2002).  In many countries in Africa, agricultural fields 

are surrounded by fallow field margins consisting of shrubs and wild grasses which can 

provide suitable sites for shelter and food for rodents (Mulungu et al., 2011a; Mulungu et 

al., 2008). In Tanzania, rodents were estimated to reduce the total harvest output of 

farmers by 5-15% each year, resulting in a financial loss of about $45 million (Makundi et 

al., 1991; Leirs et al., 1996). Fallow land can serve as a refuge for rodents, particularly 

outside of the cropping season, which enables them to quickly infest crop fields. Mulungu 

(2017) and Makundi et al. (1991) reported over 20 rodent species from seven genera to be 

involved in crop damage in different parts of Tanzania, with Mastomys natalensis 

considered the most abundant and destructive rodent pest.  
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Previous studies have linked breeding patterns of M. natalensis with climate (Leirs et al, 

1994). Annual breeding patterns of M. natalensis are linked to rainfall patterns (Leirs            

et al., 1989; Workneh et al., 2004; Mulungu et al., 2014). Seasonal variation in the onset 

of rains is associated with vegetative productivity, which has been shown to trigger              

M. natalensis breeding (Leirs et al., 1994). Taylor and Green (1976) reported that the food 

supply of granivorous species is dependent on rainfall, and that prolongation of the normal 

rainy season may generate excess food and cover, resulting in an extended breeding 

season and unusually large numbers of rodents. Mulungu et al. (2011a) 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.  

 

In semi-arid natural habitats, seasonality in food availability appears 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) observed that 

the onset of breeding in Rattus tanezumi is linked to specific developmental stages of the 

rice crop. It has been reported that dietary information is essential for understanding 

breeding activities of rodents (Mulungu et al., 2014; Monadjem, 1998; Leirs and 

Verheyen, 1995; Field, 1975). According to Mulungu et al. (2014), seeds are an important 

food category during the breeding season and are required to meet the high energy needs 

of a reproducing organism. For example, it was reported that M. natalensis breeds when 

seeds and cereals are plentiful (Mulungu et al., 2014). Similarly, unseasonal reproduction 

in M. natalensis has been observed during an unseasonal wheat crop (Taylor and Green, 

1976) and rice crop (Mulungu et al., 2014; Mulungu et al., 2013). Studies on the influence 

of diet on breeding of M. natalensis in semi-arid areas where food is limited can increase an 

understanding of food preferences and what potentially triggers breeding in this species. 
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This could also serve as a tool for planning and development of management strategies for 

rodent pest species (Singleton, 2002). Therefore, the aim of this study was to investigate 

the influence of food type on breeding of M. natalensis in different seasons in semi-arid 

areas where maize is grown as a major food crop. 

 

2. Materials and Method 

2.1 Location of the Study  

This study was conducted in Isimani division in Iringa region, Tanzania. The area is 

located between 7° 13' 55.2" and 7° 13' 40.8" m S, 35° 15' 50.4" and 35° 56' 31.2" m E 

and, Zone 36 M covering at an elevation ranging from 1355 –1396 m above sea level  

(Fig. 1 ).  

 

Figure 1:  Map of Isimani division, Iringa region Tanzania showing location of the study 

areas. 
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The study area has a unimodal rainfall pattern with distinct dry and wet seasons. The mean 

annual precipitation ranges from 200 to 750 mm/year. It is characterised by low erratic 

rainfall and periodic droughts giving it a characteristic of a semi-arid nature where 

precipitation is below potential evapotranspiration. To capture the influence of seasonal 

variation on diet preference, the seasons were subdivided on the basis of rainfall and 

evapotranspiration relationship into three sub seasons (Fig. 2).  

 

 

Figure 2:  Monthly rainfall patterns for Isimani area in Iringa, Tanzania (day one is equal 

to 1st of July). Source: Courtesy to Chidodo (2017). 

Key: SD = Start of dry period, MD = mid of dry period, ED = End of dry period, SW = Start of 

wet period, MW = mid of wet period and EW = End of wet period 

 

The year can be clearly divided into dry and wet seasons. For the purposes of our study we 

have further divided the dry season into three periods namely; start-dry, mid-dry and end-

dry. The start-dry period is from May to July, mid-dry from August to September and end-

dry from October to November. The wet season can also be further divided into three 

periods: start-wet (December to January), mid-wet (February) and end-wet (March to 

April). Land use consists of maize fields interspersed with fallow land. Maize is the 
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primary crop grown which reaches physiological maturity in May to June and is harvested 

in July to August. 

 

2.2 Removal Trapping 

Removal trapping was conducted monthly from June 2015 to July 2017. Two 60 m x 60 m 

trapping grids (one grid was in maize and the second grid was in fallow land) were set. 

Each grid consisted of seven parallel lines, 10 m apart, seven trapping stations per line and 

spaced at 10 m apart making a total of 49 trapping stations per grid.  Sherman Traps Inc., 

Tallahassee, FL, U.S.A) and snap (kill) traps (1.0 x 8.5 x 16.5 cm) were used and placed at 

an alternating manner along a trap line at a distance of 10 m apart, and all were set for 

three consecutive nights at intervals of four weeks and for the duration of two years 

trapping sessions (plates 1 and 2). The traps were baited with a mixture of peanut butter 

and maize flour, placed in the afternoon and inspected early in the morning.  

 

                            

       Plates:        1. Sherman trap                2. Snap trap 
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Captured animals were identified to species level following the established taxonomic 

nomenclature (Kingdon, 1997). The weights, sex and reproductive status, either perforated 

or closed vagina in females and scrotal or non-scrotal testes in males, were recorded. In 

both fields, the stomach of each animal captured in a snap trap was removed, placed in a 

labelled small bottle and preserved in 70% alcohol for stomach content analysis. In the 

laboratory, the preserved stomach contents were spread out in a petri dish and sorted under 

a binocular stereoscope, using 25x and/or 50x magnification as described by Smith et al. 

(2002), and identified as vegetative materials (roots, stems and leaves), seeds (grains), 

fruits, invertebrates, animal hairs and unidentified matter. If necessary, a lugol solution 

was used to determine the presence of starch for maize seeds (Smith et al., 2002). The 

methods used to quantify diet were as described by Smith et al. (2002), where the 

percentage contribution of each food category to the volume of a particular stomach’s 

contents (PV) was estimated to the nearest 10%. 

  

2.3   Capture Mark Release Trapping 

Capture Mark Release trapping was carried out using two 60 x 60 m grids (one in maize 

field and the second grid in fallow land) was set on land belonging to Uyole Agricultural 

Institution. Trapping was done using Sherman live traps (Sherman LFA live trap 8 x 9 x 

23 cm, H.B Inc., Tallahassee, FL, USA). Each grid consisted of seven parallel lines, 10 m 

apart, and seven trapping stations per line which was set at 10 m apart making a total of 49 

trapping stations per grid.  The traps were baited with a mixture of peanut butter mixed 

with maize bran/ flour, placed in the afternoon and inspected early in the morning, and 

was set for three consecutive nights at intervals of four weeks and for the duration of two 

years trapping sessions. 
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Captured animals were identified to species level, weighed and toe clipped. The sex and 

state of maturity (perforated or closed vagina for female, and scrotal or non-scrotal for 

male) were recorded.  Data were used to establish breeding patterns of the species.  

 

Both trapping methods (Removal and Capture Mark Release) were conducted during the 

same period, site and located more than 400 m far apart from one grid to another allowing 

dealing with different individuals of rodents. 

   

2.4 Data Analysis 

2.4.1 Small mammal 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 Diet category analysis 

In order to investigate if the diet of M. natalensis differed between seasons (dry, wet) and 

fields (maize, fallow), we performed a beta regression analysis with proportion of diet as 

response variable and field and season as explanatory variables (using the R-package 

“betareg”).  Beta regression is often used to model percentages, as it can model continuous 

variables that assume values in the open standard unit interval 0-1 (Cribari-Neto and 

Zeileis, 2010; Ferrari and Cribari-Neto, 2004).  

 

2.4.3 Reproductive activity  

Breeding patterns were determined in CMR grids by establishing the proportion of active 

and non-active individuals of female M. natalensis in different habitats and months. 

Reproductive activity in females is a physiological condition and not a behaviour (Leirs, 
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1995); thus, females were considered to be reproductively active when the vagina was 

perforated, their nipples were swollen on account of lactation and when they were 

pregnant. In order to investigate which variables correlated with  reproductive activity of 

females, we developed generalised additive models (GAM) with reproductive status as 

response variable and time (month), fields (maize, fallow) and percentage of diet 

(vegetative materials and seeds) as explanatory variables. A GAM approach was used 

because the percentage of reproductive activity animals did not follow a linear pattern 

over the course of one year. The time variable was smoothed using cyclic regression 

splines. Reproductive activity in individuals was analysed assuming a logit-link function 

with binomial distribution. Because the reproductive status could be affected by the diet 

consumed at previous months, we also investigated the correlations between the 

percentage of reproductively active females and the diet (% vegetative material or seeds) 

at previous months using cross-correlation functions. The R packages ‘betareg’, ‘mgcv’ 

and ‘nlme’ were used for these analyses (Pineiro et al., 2018; R-core team, 2016; Wood, 

2011; Cribari-Neto and Zeileis 2010). 

 

3.0 Results 

3.1 Small mammal species composition  

A total of 2,307 rodents and 29 shrews were captured in 11,466 trap nights in the study 

area. The rodent species captured were Mastomys natalensis, Lemniscomys rosalia, 

Gerbilliscus vicinus, Pelomys fallax, Arvicanthis neumani, Thallomys paedulcus and 

Acomys wilsoni. Mastomys natalensis comprised the highest proportion (> 94%) of rodent 

species captured in the study area (Table 1). 
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Table 1: Small mammal species composition in maize fields and fallow land in the study 

area 

Rodent species Habitats 

Maize field Fallow land 

Mastomys natalensis 895 (96.76%) 1328 (94.12%) 

Lemniscomys rosalia 4 (0.43%) 12 (0.85%) 

Gerbilliscus vicinus 7 (0.76%) 19 (1.35%) 

Pelomys fallax 0 2 (0.14%) 

Acomys wilsoni 0 3 (0.21%) 

Thallomys paedulcus 0 1 (0.07%) 

Arvicanthis neumani 0 36 (2.55%) 

Crocidura spp 19 (2.05%) 10 (0.71%) 

Total  925 (100%) 1411 (100%) 

 

 

3.2   Diet preferences of M. natalensis 

The proportion of vegetative materials was significantly (χ2 =35.19, d.f. = 1,                       

p value < 0.0001) higher in the diet of M. natalensis during the whole wet season 

compared to the dry season (53% and 33% in the wet and dry seasons, respectively)                

(Fig. 3). Seeds/grains comprised a significantly (χ2 = 24.52, d.f. = 1, p = < 0.0001) higher 

proportion in the diet of M. natalensis during the dry season than in the wet season (42% 

and 26% in dry and wet seasons, respectively). No significant differences (χ2 = 0.81, d.f. = 

1, p = 0.31) were found between maize and fallow fields in the proportion of vegetative 

material or seeds/grains respectively (χ2 = 0.81, d.f. = 1, p = 0.31 and χ2 = 0.85, d.f. = 1, p 

= 0.62). There were also no significant differences in the diet of M. natalensis for fruit, 

animal hairs or invertebrates between seasons or fields (Fig.3). 
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Figure 3: Mean diet preferences (%) of M. natalensis during the wet and dry season in 

different habitats types (fallow versus maize field). The black bars represent 

standard errors  

 

3.3  Reproductive activities   

There was a significant interaction between habitat type and time (month) on reproductive 

activity of M. natalensis (χ2 = 196.56, d.f. = 9, p < 0.0012) (Fig. 4).  
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(b) Maize field 
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Figure 4: Reproductive activity of female M. natalensis captured in; a: in fallow land and 

b: in maize field in the study area of Isimani division from June 2015 to July 2017  

 

However, most variation in reproductive activity was explained by the time variable 

(ΔR2= 0.77), and only a little bit by the differences in habitat type (ΔR2 = 0.02). The 

proportion of reproductively active animals varied in a non-linear way between April  
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(highest) and October (lowest) (χ2 = 339.23, d.f. = 8, p < 0.0001) (Fig 5). Differences 

between habitat types were only found during the wet season, when the percentage of 

reproductive active animals was higher in fallow than in maize fields (χ2 = 4.54, d.f. = 1, p 

< 0.0005) (Fig. 5). 

 

 

Figure 5:  Smoothed spline for the correlation between time of the year and the proportion 

of reproductively active animals in fallow (black) and maize (red) fields. The 

solid line represents the mean and the dotted lines the standard errors. 

 

3.4 Correlation between diet preference and reproductive activity of M. natalensis. 

Results show that, reproductive activity starts after one month (in January) of vegetative 

sprouting (in December), while it ceases when the proportion of seed/grain materials 

increases in August – September (Fig 6).  
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Fig 6: Changes in reproductive activity (black line) of M. natalensis during the year, 

together with fluctuations in the percentage of vegetative (red line) materials 

and seed (blue lines) in its diet.  

 

Most animals are reproductively active at the end of the wet season, which corresponds to 

the period when the percentage of vegetative material in the diet is the highest. 

Correlations between reproductive activity and current percentage of diet in the stomach 

were not significant for vegetative materials (χ2 = 1.51, df = 1, p = 0.21) or seeds/grains  

(χ2 = 1.48, df = 1, p = 0.22). However, correlations between reproductive activity and 

vegetative materials were significantly positive at earlier time lags (months 1 to 4), while 

correlations with seeds/grains were negative at earlier time lags (months 1 to 3) (p < 0.01) 

(Supplementary Fig. 1). These results suggest that certain compounds in vegetative 

material might trigger reproductive activity in M. natalensis, and that the effect is visible 

after a short time lag (one month).   
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4. Discussion 

Mastomys natalensis was the dominant species in the study area. This is consistent with 

previous studies carried out in irrigated rice fields (Mulungu et al., 2013), fallow fields 

(Massawe et al., 2011) and maize farms (Sluydts et al., 2007 and Vibe-Petersen et al., 

2006). According to Makundi et al. (2007), the species is a pioneer in colonising disturbed 

habitats (e.g. by agriculture). 

 

Most rodents inhabiting maize fields and fallow land in Tanzania are omnivorous, 

consuming large quantities of green vegetation, fruits, seeds, and arthropods, but 

sometimes they are opportunistic in their selection of food items. Rodents frequently 

display food preferences that typically lead to a disproportionately high consumption of 

preferred prey species (Hope and Parmenter, 2007).  

 

In the current study, M. natalensis was observed to feed largely on vegetative plant 

materials and seeds/grains with other categories of diet in low quantities. Similar 

observations were reported by Monadjem and Perrin (1998), Odhiambo et al. (2008) and 

Mulungu et al. (2011a). More seeds/grains in the diet of M. natalensis after the 

reproductive season were observed in the current study because this coincides with the 

cropping season and the harvest of the farmers, so there are more seeds on the fields. 

Another reason is that, new born juveniles might benefit from the protein and starch rich 

seeds on the field in order to grow themselves (so not reproduction). Seeds are an 

important food category during the breeding season and are required to meet the high 

energy needs of a reproducing rodent species (Mulungu et al., 2011a; Stanley and 

Hutterer, 2007). This feeding behaviour shows M. natalensis’ respond to changes in the 

food supply by searching for the most abundant component of its diet. Leirs et al. (1997) 

reported that M. natalensis is an opportunistic species that conforms to r-selection 



 
 
 

107 
 

characteristics. Mulungu et al. (2014) reported that M. natalensis consumed mainly 

vegetative plant materials and seeds, regardless of habitat or crop growth stage in irrigated 

rice crop agro-ecosystem. The current study showed a relationship between diet, seasonal 

and habitat resources availability and suggests that M. natalensis is both an opportunistic 

and a generalist species utilising a large diversity of resources depending on the season 

and habitat. Similar findings by Mulungu et al. (2011b) who stated that the changes in 

niche breadth with seasons and habitats indicate a relationship between diet and seasonal 

and habitat resource availability and suggest that M. natalensis is both an opportunistic 

and a generalist feeder. 

 

In various studies, a positive relationship has been reported between rainfall and 

reproductive success in populations of Mastomys (Makundi et al., 2007; Achigan, Codjia 

and Bokonon-Ganta, 2003; Massawe, 2003; Workneh, 2003). The duration and quality of 

rainfall both influence available food (Granjon et al., 2007). Dietary information is 

essential for understanding breeding activities of rodents (Mulungu et al., 2016; Mulungu 

et al., 2014; Monadjem, 1998). Some studies indicated that African rodent species have a 

reproduction cycle which is related to seasonal changes in the diet (Bronson, 1989; Sicard 

and Fuminier 1996). In areas where farmers produce two maize crops per year, the 

breeding duration of M. natalensis is extended (Mulungu, 2017). According to Mulungu 

2017, Bekele and Leirs (1997) reported that breeding in mosaic crop-fallow fields is 

seasonal and related to rainfall periods, but extended rainy seasons resulted in longer 

periods of breeding, higher litter sizes and subsequent population increases.  Also, Taylor 

and Green (1976) had observed a seasonal breeding in a seasonal crop in Kenya. Previous 

studies showed that breeding of M. natalensis was extended when rainfall was prolonged 

in wheat crop fields (Swanepoel 1980) and in irrigated rice fields (Mulungu et al., 2014; 

Mulungu et al., 2013). 
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In irrigated cropping systems, the link with rainfall is much weaker, although breeding is 

still most prominent in the rainy seasons as is the case in single crop maize production 

areas. In the current study, vegetative materials comprised the largest proportions of the 

diet of M. natalensis during the reproductive season. Diet is likely to play a role because it 

influences reproductive physiology directly when food is ingested and absorbed (Glass 

and Swerdloff, 1980; Leirs, 1994). Surprisingly, in a semi-arid area with a short rainfall 

season and subsequent shorter duration for food availability like in the current study 

resulted in a longer period of   in the stomach of rodent in the study area during the wet 

season. It was reported that green plant food (vegetative materials) induces breeding in M. 

natalensis due to the chemical compound or a secondary plant compound called 6-

methoxy-2-benzoxazolinone (6-MBOA), originating in young sprouting plant or grass 

with a labile precursor formed enzymatically from a glucoside when the plant tissues are 

crushed (Klun and Robinson 1969; Leirs, 1994). This molecule (6-MBOA) is more likely 

found in vegetative materials than in seeds and could be the reason why in the current 

study reproductive activity is at its highest point in April after M. natalensis consumes 

mostly vegetative materials in the past months. The reproductive activity decreased 

rapidly and reached the lowest level around September and October. This was probably 

due to the influx of juveniles into the population. 

 

Most female M. natalensis are reproductively active when the proportion vegetative 

materials are at maximum. In some desert environments, maintaining reproductive activity 

throughout the year can ensure quick responses to reproductive opportunities that may 

arise from unpredictable changes in water and/or food availability (Bronson, 2009; 

Schneider, 2004). The timing of reproduction is related to the timing of germination in 

grasses initiated by rainfall (Leirs, 1994). 
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5. Conclusion 

Mastomys natalensis is the most abundant pest species in the study area and its diet varied 

with season and habitat type. Vegetative materials were present in high proportions of the 

diet of M. natalensis during the entire wet season whereas seeds were present in high 

proportions during the entire dry season. Mastomys natalensis is reproductively active 

from January to September, although it reaches the highest level in April, which 

corresponds to the long rain period, suggesting that reproduction is linked to the amount of 

rainfall. Reproductive activity correlated positively with the past percentage of vegetative 

material in the diet during the wet season. Reducing breeding activity might thus be 

achieved by preventing access to fresh vegetative food (e.g. young sprouting grass) during 

the wet season. 
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CHAPTER SIX 

 

6.0   GENERAL CONCLUSIONS AND RECOMMENDATIONS 

6.1   Conclusions 

This study has demonstrated the importance of understanding ecology and biology of 

rodent pest species with respect to crop damage and yield losses they cause. Based on the 

findings, the following conclusions are made: 

 

Mastomys natalensis was the most abundant rodent pest species in the study area 

comprising > 94% of individuals species captured. The population abundance varied with 

soil type and season/time of the year. The highest population peak was during the dry 

season (from June to October) and lowest during the wet season (in February to April). 

Reproductively active female M. natalensis occured throughout the year, although the 

highest level was between March and May and the least between September and 

December. Survival of M. natalensis was higher during the wet season in sandy loam soils 

than in black clay soils  

 

The relative home range size of M. natalensis was significantly higher during the wet than 

the dry season, in males than in females, and in adults than in juveniles. Recruitment was 

significantly different between habitats, whereby a higher proportion of M. natalensis was 

recorded in maize fields than in fallow land. The highest recruitment of M. natalensis 

occured from April to July and lowest from September to December.  

 

Pre-harvest loss assessment of maize crop in semi-arid areas indicated that the fields with 

black clay soils had higher damage of maize seedlings ranging from 30.17% to 71.91% in 

different fields than fields with sandy loam soils. In the simulation experiment, there was 
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no significant difference among maize damage levels, although relatively higher yield 

losses were observed at 75% damage level and lower yield losses with the control.  

 

The diet of M. natalensis contained higher proportions of vegetative materials and seeds 

than other food materials. There were significant differences in the proportions of 

vegetative materials and seeds between seasons (dry and wet), but not between habitats 

(fallow and maize fields). Vegetative plant materials were observed to be highest during 

wet the season and seeds during the dry season. Hence, vegetative plant materials and 

seeds correlated positively with reproductive activity of M. natalensis. 

 

6.2   Recommendations 

The following recommendations are made in order to fill gaps revealed by the findings of 

this study; 

Farmers should be made to understand the importance of reducing the breeding activities 

of M. natalensis by limiting access to fresh vegetative food (e.g. young sprouting grass). 

Regular and sustainable control operations should also be implemented by targeting the 

March to May breeding period and recruitment of M. natalensis to maintain population 

sizes below economic injury levels. These practices will reduce recruitment, home ranges, 

breeding and population increase of M. natalensis. 

 

Farmers should also be encouraged to protect maize fields from rodent damage using 

methods such as improvement of cultivation practices, early seed sowing, proper seed 

covering, early harvesting and proper sanitation around crop fields. All these should be 

applied in order to disturb and reduce their recruitment, home ranges, breeding and 

population increase of M. natalensis. 
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Based on the findings of this study, it is important to train farmers, village leaders and 

oustreach personell on the correct identification features and behaviour of rodent pests so 

that they can differentiate rodents from other vertebrates that may cause damage in their 

crop fields. 

 

Training (capacity building) of extension officers so that they can assist farmers and 

ensure good transfer of knowledge on the use of ecologically-based rodent management 

strategies to reduce breeding, recruitment and home ranges, population of rodent pest 

species and minimize dependence on rodenticide application. This is due to the fact that, 

no single pest management strategy can works reliably across all ecosystems.  

 

More studies on rodent population dynamics, breeding patterns and survival are required 

in these areas especially during rodent outbreaks to scientifically affirm small-holder 

farmers’ indiginous knowledge that black clay soils have higher rodent population than 

other types of soils. 
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APPENDICES 

 

Appendix 1: PAPER I 
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Appendix 2: PAPER III 
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Appendix 3: PAPER IV 
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