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Rodents are beneficial ecologically as  they act as food for other organisims including humans. However, about 17% of   rodent species are problematic since they transmit zoonotic diseases, damage properties and depredate  crops. Various  strategies have been designed worldwide to control them but have proven futile due to limited knowledge on the animals’ biology, behaviour and ecology. This knowledge is essential for preparing integrated rodent conservation and management strategies.  Also,  no one single strategy can  effectively be used to manage rodents in every part of the  world, hence rodent ecological studies in as many local  areas as possible are needed. Therefore, two ecological studies were carried out to generate information that would contribute to the formulation of effective strategies. The first study aimed to determine:  i) spatio-temporal community structure (species composition, age and sex structure), ii) spatio-temporal population dynamics and breeding patterns and iii) influence of ecological factors (vegetation attributes, soil characteristics and seasonality) on abundance of  a dominant rodent species M.natalensis. The second study aimed at  investigating the dietary patterns of the dominant rodent species. These are the first detailed ecological studies in our study area.  

The  first study was conducted within Kijereshi Game Reserve and the surrounding Nyamikoma village in the western Serengeti using Capture-Mark-Recapture (CMR) technique from April 2020 to March 2022. Sherman live traps were used to trap rodents on a 3 consecutive night’s basis every month for twenty four months. Trapping was done in nine 70 x 70 m2 permanent grids in  the wooded grassland habitat within Kijereshi Game Reserve, and in fallow land and maize crop fields within Nyamikoma village land.  








One year data collected from from 2020 April to March 2021 were used to investigate  spatio-temporal community structure of rodents in the three habitats whereby 1,075 individuals were captured. They comprised eight  8 rodent species and one shrew  species. Mastomys natalensis (76.6%) was the most  whereas Acomys wilsoni (02%) occurred the least abundant species across habitats and the insectivorous animal was  Crocidura cf.  flavescens (11.1%). Species richness was highest in the wooded grassland and least in maize crop fields, probably due to mono-cultivation nature in the maize crop fields.  Fallow land had a higher diversity (1.05) while maize fields had the lowest (0.35), suggesting presence of heterogeneity in fallow land habitats as compared to maize crop fields. A statistical difference in number of adults, subadults and juveniles was detected between habitats (F2, 102 = 3.09, P=0.05), and a marginally significant difference between seasons (F1, 102 = 3.743, p = 0.06).  There were more Juveniles in the maize crop fields than in the wooded grassland habitat probably due to availability of food resources that favour their reproduction. On the other hand, there was a significant difference between numbers of females and males of M. natalensis captured across dry and wet seasons (F1, 64 = 8.311, p = 0.005) and the three habitats (F2, 64 = 6.9,   p = 0.004). The study suggests that small scale comparisons of the community structures of small mammals between habitats can provide knowledge that is needed for conservation and control of small mammal species.  

A two year period data on  population dynamics and breeding patterns of M.natalensis revealed that,  its abundance varied significantly across habitats ( Chi-squared = 8.922, df = 2, p-value = 0.012) and between seasons (W = 982.5, p-value<0.001). Females bred continuously throughout all seasons and there was no significant difference in the number of actively breeding females across habitats (Chi-squared = 3.52, df = 2, p-value = 0.172) and between seasons (W = 584, p-value = 
0.472) probably due to presence of seeds/grains especially in maize crop fields  throughout the year. However, in most cases breeding started to increase immediately after long rains in March/April except in the wooded grassland where there was a lag. Numerically, the M. natalensis abundance was higher in maize crop fields as compared to other habitats, but densities dropped similarly in all habitats during wet season. Nevertheless,  the reasons for this is not yet clear as substantial food resources are available especially in the maize crop fields resulting from maize crops harvest of the second cropping season. Although, analysis of data on several selected ecological correlates, indicated that the latter have influence on the abundance of M.natalensis. For example, its abundance was significantly higher during the dry season and in farmlands than in wet season and protected areas (χ2= 79.393, df = 2, p < 0.001).  Also, the abundance  significantly associated positively with farmlands (p = 0.023) and sandy-clay-loam soils (p = 0.007). Hence, control of the animals might be effected between the months of November and January when  densities  are low and farmers should maximize maize production during this period which falls in their minor cropping. Also,  soil type issue should be taken into consideration  during farm site selection. 

The second study was conducted in the same study site as the first one, to investigate on the dietary patterns of M.natelensis, whereby, kill traps (Victor kill trap (1.0 x 20.3 x 30.1 cm, Animal Trap Co., Lititz Pennal) baited with  peanut butter mixed with maize bran/flour were used in three grids of 70 x 70 m2. About 111  captured specimens were dissected,  their stomachs removed and  labelled, then preserved in containers (20 ml, glass bottle, HiSupplier_.com) containing 70% ethanol. The analysis of stomach contents was carried out by evenly spreading each stomach contents in a Petridish and categorised using a binocular dissecting microscope under 25 x  and 50 x magnification, into various food categories.   Overall, vegetative plant materials (41%) and 
invertebrates (39.1%) dominated. During the wet season, invertebrates dominated in the wooded grassland, followed by fallow land and maize crop fields. On the other hand, seeds/grains were more eaten in maize crop fields than in other habitat types. Also, in the dry season, vegetative plant materials dominated the animal’s diet in maize crop fields suggesting that this rodent is an opprtunistice feeder.

Keywords: rodent- ecology,  Mastomys - natalensis, Kijereshi, Nyamikoma, western -Serengeti
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Panya wana umuhimu kiikolojia, kwani huliwa na wanyama wengine akiwamo binadamu. Hata hivyo, takribani asilimia 17 miongoni mwao hudhuru binadamu kwa kusambaza maradhi, kuharibu mali na kula mazao. Aghalabu, mikakati ya kupunguza idadi yao imeshindwa kukikidhi matarajio duniani kote,  kufuatia maarifa finyu juu ya biolojia, tabia and ikolojia ya panya, na pia kutokuwapo na uwezekano wa  mkakati mmoja  kukidhi matarajio ya kila mahali. Hivyo, elimu ya ikolojia ya panya katika maeneo mengi iwezekanavyo  ni muhimu ili kuandaa mikakati madhubuti ya uhifadhi na udhibiti wa idadi ya panya katika maeneo mbali mbali. Hivyo, tafiti mbili juu ya ikolojia ya panya zimefanyika ili kupata taarifa muhimu zitakazo saidia uandaaji wa mikakati  hiyo. Tafiti ya kwanza inalenga kubaini i) mpangilio wa spishi za panya, umri na jinsia zao  katika mazingira na majira tofauti, ii) mabadiliko katika idadi na mfumo wa uzalianaji wa  panya  katika mazingira na majira tofauti na iii) athari za kimazingira katika idadi ya panya. Tafiti ya pili ilihusu ung’amuzi wa mfumo wa ulaji na aina za vyakula vya panya katika mazingira na majira tofauti. Hizi ni tafiti za kwanza za kina  kuwahi kufanyika katika eneo letu la utafiti.  

Tafiti ya kwanza ilifanyika ndani ya Pori la Akiba Kijereshi na eneo la kijiji cha Nyamikoma jirani na Pori hilo lililoko Magharibi mwa Serengeti, kwa kutumia mbinu ya CMR (kamata, weka alama, achia)  kuanzia mwezi April 2020 hadi March 2022. Mitego aina ya Sherman ilitumika kwa muda siku 3 kila mwezi kwa kipindi cha miezi 24. Utegaji panya ulifanyika katika maeneo tisa yenye upana wa mita 70 kwa 70 kila moja, katika nyika zenye miti ndani ya Pori la Kijereshi na kando kando ya mashamba na ndani ya mashamba ya mahindi   kijijini  Nyamikoma. 

Taarifa za mwaka mmoja kutoka Aprili 2020 hadi March 2021 zilitumika kuchunguza mpangilio wa spishi za panya kwenye maeneo husika na kwa majira tofauti (masika na kiangazi) ambapo viumbe wapatao 1,075 wakijumuisha panya na kiruka njia (shrew)  walikamatwa. Kati ya 
viumbe hao, spishi za panya ni nane na kiruka njia ni moja. Spishi aina ya Mastomys natalensis (76.6%) ilikuwa na viumbe wengi zaidi wakati aina ya Acomys wilsoni (02%) wakiwa wachache zaidi. Idadi kubwa ya spishi ilipatikana katika nyika zenye miti ambapo mashambani kulikuwa na spishi chache zaidi, labda kwasababu kuna aina chache za mimea yaani mahindi katika kipindi kirefu cha mwaka. Pia kando ya mashamba kulikuwa na anuai ya panya kubwa zaidi (1.05) ambapo ilikuwa ndogo zaidi mashambani (0.35). Aidha, kitakwimu, idadi ya panya wenye umri mkubwa, umri wa kati na wachanga ilitofautiana katika maeneo ya utafiti  (F2, 102 = 3.09, P=0.05) lakini tofauti ikiwa ndogo kati ya masika na kiangazi (F1, 102 = 3.743, p = 0.06). Panya wachanga walikuwa wengi zaidi mashambani kuliko kwenye nyika zenye miti pengine kwasababu ya upatikanaji wa chakula ambao huchochea kuzaliwa kwao.  Aidha, kitakwimu, idadi ya  majike na madume ya spishi ya M.natalensis  ilitofautiana sana majira ya masika na kiangazi (F1, 64 = 8.311, p = 0.005) na pia katika mazingira walimokamatwa (F2, 64 = 6.9,   p = 0.004). Kwamjibu wa utafiti huu mlinganisho wa ikolojia ya panya katika mazingira madogo madogo ya panya waweza kutupatia maarifa yanayotakiwa katika kuhifadhi na kuthibiti idadi ya panya. 

Taarifa za miaka miwili katika muenendo wa idadi na uzalianaji wa M.natalensis zimeonesha kuwa idadi yao inatofautiana katika mazingira tofauti wanamopatikana ( Chi-squared = 8.922, df = 2, p-value = 0.012) na pia katika majira ya masika na kiangazi  (W = 982.5, p-value<0.001). Majike yalionekana kuzaliana kipindi chote na pia hakukuwa na tofauti ya kitakwimu kati ya majike yanayozaliana na yasiyozaliana katika mazingira walikokamatwa (Chi-squared = 3.52, df = 2, p-value = 0.172) na pia majira ya masika na kiangazi  (W = 584, p-value = 0.472), labda hii ni kwasababu ya upatikanaji wa mbegu hasa katika mashamba ya mahindi katika kipindi chote cha mwaka. Hata hivyo, wakati mwingi uzalianaji ulianza kushika kasi muda mfupi baada ya kuanza kwa mvua ndefu miezi ya Machi/Aprili isipokuwa katika nyika zenye miti ambako uzalianaji huo ulichelewa. M. natalensis walikuwa wengi zaidi 
mashambani kulinganisha na mazingira mengine, lakini idadi hiyo ilipungua sawia katika mazingira yote wakati wa masika. Hata hivyo, hali hii haikujulikana chanzo chake ikizingatiwa kuwa kipindi hiki kina chakula cha kutosha hasa mashambani ambapo kuna mahindi ya musimu wa pili. Ingawaje, mchakato wa taarifa za kimazingira umeonesha kuwa mazigira yana athari katika idadi ya panya, mfano idadi ya panya ilikuwa juu zaidi kitakwimu wakati wa kiangazi na mashambani kuliko wakati wa masika na kwenye nyika zenye miti (χ2= 79.393, df = 2, p < 0.001). Pia idadi ya M.natalensis imeonekaa kuwa na mshikamano chanya mashambani (p = 0.023)  na udongo wenye asili ya kichanga-mfinyanzi-tifutifu (p = 0.007). Hivyo, udhibiti wa panya ufanywe kati ya Novemba na January wakati idadi ya panya ikiwa ndogo na wakulima wawekeze zaidi kipindi hicho ambacho ni msimu wa pili wa kilimo, ili wavune mahindi mengi. Pia, nivyema uchaguzi wa maeneo ya kilimo ukazingatia aina za udongo.  

Tafiti ya pili ilifanyika katika maeneo sawa na  ya kwanza ikiwa na lengo la kuchunguza mfumo na aina ya vyakula vya panya aina ya M.natalensis. Katika tafiti hii mitego ya kuua (Victor kill trap)  yenye chambo cha mchanganyiko wa unga wa karanga na mahindi, ilitumika kukamata panya ikiwa imepangwa katika mistari saba ya mita 70 kwa 70 kila mtego ukiwa  umbali wa  mita 10. Panya wapatao 111 walikamatwa na kutolewa matumbo,  kuyaweka alama na kisha kuyahifadhi katika vichupa vya plastiki vyenye kemikali ya kuzuia kuoza (70% ethanol). Kisha, matumbo hayo yalipasuliwa na vilivyomo kumwagwa katika kisahani cha mviringo (Petridish ) ambapo vilitengwa katika makundi tofauti ya aina za vyakula kwa kutumia hadubini katika vipimo vya ukuzaji vya 25 x  and 50 x. Kwa ujumla vyakula vyenye asili ya sehemu za mimea (Vegetative plant materials) (41%) na wadudu (inverterates) 39.1% vilipatikana zaidi. Wakati wa masika chakula cha aina ya wadudu kililiwa zaidi katika nyika zenye miti huku kikiliwa kidogo zaidi mashamb ani. Aidha, mbegu zililiwa zaidi mashambani 
ikilinganishwa na kwingine. Pia, wakati wa kiangazi sehemu za mimea zililiwa zaidi mashambani  labda kwasababu M.natalensis ni panya alae chakula chochote kinachopatikana. 

Maneno muhimu: ikolojia –ya- panya,  Mastomys - natalensis, Kijereshi, Nyamikoma, Kaskazini- mwa -Serengeti
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	Serengeti National Park 

	SUA
	Sokoine University of Agriculture

	Tukey 
	post hoc (HSD)

	USA
	United States of America

	WG
	Wooded Grassland

	χ2  
	Chi square
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[bookmark: _Hlk164020267]A community is a group of co-existing populations, whereas community ecology is the study of their interactions (Begon & Townsend, 1990). Rodents, which also exist in communities form the largest order of Mammalia, encompassing 2 277 of 5 422 living mammal species, that being equivalenet to approximately 42% of worldwide mammalian biodiversity (Kingdon et al., 2013). Of the 2 277 rodent species, 395 species (in 15 families and 98 genera) occur in Africa (Reeder, 2005). Rodents are indigenous to every continent except Antarctica and inhabit most small to large landbridge and oceanic islands, originally absent from Iceland, New Zealand and some oceanic and high Arctic islands(Kingdon, et al., 2013). Rodents play an important role in ecological processes given that they are rich in terms of number of species, widespread and  sometimes abundant  within particular habitats (Kingdon et al., 2013). The group is important in nutrient recycling, seed dispersing and habitat improvement through a process known as ‘ecological engineering’. The engineering process results into mixing of soils in different soil profiles with their faeces hence increased nutrients for vegetation (Fernández et al.,2014). However, some species of rodents are responsible for transmission of diseases to humans as they are reservoirs/hosts of zoonotic diseases (Gratz, 1997; Meerburg et al., 2009). Moreover,  in Africa, 5 – 17 % of the rodent species are pests (Monadjem et al., 2015; Mulungu et al., 2017; Swanepoel et al., 2017) impacting negatively on crops in the field and  stored products (Aplin et al., 2003) Therefore, studies with an intention to conserve and manage them are still needed. These studies include, understanding attributes such as community structure, population dynamics and breeding patterns, ecological factors governing their dynamics and dietary aspect of rodents of a specific ecosystem (Arellano et al., 2016) within local regions (Begon et al., 1990). 





So far, little is known about what influences rodent communities in the natural ecosystem (Kijereshi Game Reserve) and the surrounding agro-ecosystems i.e. fallow land and maize crop field mosaics. Available information from the vicinity of Kijereshi Game Reserve in western Serengeti is by Senzota (1982) who studied only one rodent species, the grass rat (Arvicanthis niloticus), which was found to be abundant in woodland, scanty in open grassland and absent in the seasonally-flooded bottom part of the catena. However, crops in farmed lands surrounding Kijereshi Game Reserve attract certain rodent species in big numbers. Hence, a short-term study in the vicinity of the game reserve by Magige (2016), indicated highest  diversity in cropped land ((Hꞌ = 0.84) and lowest  in the Serengeti National Park (Hꞌ= 0.57). About eight rodend species: Aethomys kaiseri, Dendromus melatonis, Graphiurus murinus, Mastomys natalensis, Mus minotoides, Gerbilliscus robusta, Thallomys paedulcus and Zelotomys hildergardeae and one insectivourous species Crocidura sp  were captured during the study.. Therefore, a long-term systematic study was needed to generate information on the essential population parameters of the rodent communities within the game Reserve and the surrounding agricultural land in Nyamikoma village land.
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Information on rodent community species composition is important for conservation and management of rodents. This is because each species of rodent occupies its own niche and at the same time conservation of a given species depends on the maintenance of its niche (Marino, 2003). Yihune and Bekele (2012) reported human interference and grazing pressure to have influence on the rodent community’s species composition. On the other hand, Makundi et al. (2009) reported co-existence of five rodent species in two different habitats and seasons due to their ability to partition their niches. 
Moreover, the age structures and sex ratios of rodents are important ecological characteristics for conservation and management of rodents. For example, potential of reproducing new individuals decreases with increasing age (Leirs, 1994), which leads to skewed sex ratios and may bring about negative demographic consequences (Ancona et al.,  2017). On the other hand, Mayamba et al. (2020) reported a parity male to female sex ratio of Mastomys natalensis in both wet and dry seasons.  However, all cited works were conducted in different ecosystems, hence a study is needed to investigate these essential ecological characteristics in rodent species found in the natural-agro ecosystem where anthropogenic disturbance like crop cultivation is rampant, and the area floods twice a year (Personal Observation, 2018).
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Communities of rodents are made of populations whose some of their essential ecological characteristics can be described by their population dynamics, breeding patterns, home ranges, survival rates and recruitments (Massawe et al., 2012). Different scholars studied these characteristics and came up with various findings.  Va´zquez et al. (2000) found that densities of two rodent species, Peromyscus aztecus and Reithrodontomys fulvescens were influenced by different habitats and seasons. Massawe et al. (2012) reported that reproductive pattern of Grass rat, Arvicanthis neumanni is seasonal depending on rainfall patterns while Mlyashimbi et al. (2019)  reported a continuous reproduction in M. natalensis in semi-arid areas due to availability of food and moisture. All these studies, however, were conducted at different places from Kijereshi Game reserve and its surroundings. 
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Rodent species abundance across landscapes are influenced by ecological factors such as soil types, nature and density of vegetation, 
climatic conditions, diseases, predation and habitat exploitation by humans (Cramer and Willig, 2002). Absence of sufficient food and ground cover largely determine the number of individual rodents in a certain area due to less availability of food and increased predation risk (Hoffman &  Zeller, 2005).  Moreover, bushy vegetation provides safe sites for germination and growth of herbaceous vegetation, hence enhancing the diversity of rodent food resources which in turn attract more of these animals (Lentic & Dickman, 2005) . Therefore, this might lead to diversity of rodent species due to habitat variability caused by supply of different resources (Chidodo, 2019; Cramer & Willig, 2002). However, such studies were conducted in other areas different from land scape of Kijereshi Game Reserve and its surroundings. The game reserve is recovering from being human habitation and agricultural land hence ecological studies on rodents are needed to establish the status of their communities spatially and temporally in terms structure, species composition and diversity.
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According to Finke and Snyder (2008) resource-niche partitioning including food is vital to achieving greater biodiversity in a given habitat. Hence, knowing food categories of co-existing rodent species is important for establishing their diet niche breadths and overlaps which describe their food resource competition and /or partitioning status (Arellano et al., 2016). While Kitessa and  Tsegaye (2015) reported that four rodent species, regardless of the proportional difference, consumed plant and animal matters Addisu and  Bekele (2013)  found out that 11 rodent species consumed plant matters and arthropods but in varied proportions. Mulungu et al. (2011)  reported that dietary niche breadth of Girbilliscus vicinus was greater than that of Mastomys natalensis. These rodent species overlapped considerably in the food items consumed ranging from niche overlap of 0.77 – 0.89. Grains/seeds 
featured high in the diet of M. natalensis while plant material occurrence was high in G. vicinus contributing to differences in diet partitioning, which may, in turn, facilitate their coexistence in fallow land. However, these studies were conducted in different areas from Kijereshi Game Reserve and its surroundings.  Hence, a study is needed to investigate food categories of rodent communities found in this area.
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 Rodents are well known worldwide for their economic and social ecological importance to man and other species. But, while they provide food to other species including man, thus important in the food web in many ecosystems (Fiedler, 1990), they are known to cause damages to food crops (Milan, 1990), and are host of vectors of diseases (Kilonzo  et al., 1992). Also, some harbour disease pathogens like bacteria that cause zoonotic diseases such as leptospirosis caused by Leptospira bacterium, and toxoplasmosis caused by Toxoplasma gondii (Machang’u et al., 1997). Hence, rodents have been declared to be a cause of serious problems to human communities in Africa as a result of their involvement in the spread of diseases (Katakweba et al., 2012) and in the losses of crops through direct consumption (Mulungu et al., 2003; Bekele et al., 2003) and spoilage (Mdangi et al., 2013). Unsually large numbers of individuals of some rodent species, known as outbreaks, in a given locality are the ones thought to be the route cause of problems asscociated with these animals.  For example, Taylor (1968) reported 20% damage to maize crop after the outbreak of rodents in Western Kenya. Earlier reports (Taylor, 1968) on economic losses due to rodents in Kenya indicated 20–30% damage to maize crops, and a 34–100% loss during rodent outbreaks. In Ethiopia, it has been estimated that rodents consume up to 26.4% of maize crop in most years (Bekele et al., 2003). In Northern Ethiopia, surveyed farmers estimated 9–44% pre-harvest yield losses in annual production of cereal crops due to rodent attacks (Meheretu et al., 2010), while Central 
Ethiopia showed 26.4% loss of yield in maize (Bekele et al., 2003). In Tanzania, rodents are estimated to cause on average 15% yield loss (Makundi et al., 1991), which would mean the loss of around 382 673 tonnes per year of the actual yield (FAO statistics, 2014). According to Mulungu et al. (2005), there are about 31 rodent pest species involved in crop damage in Tanzania. However, the most important pest species are Mastomys natalensis, Arvicanthis spp. and Gerbilliscus spp. (Taylor and Green, 1976; Fiedler, 1994; Leirs et al.,1994), with M. natalensis being the most predominant rodent pest species (Leirs, 1995; Mulungu et al., 2011; Massawe et al., 2012). On the other hand, M. natalensis has been implicated with plague disease outbreaks in some parts of Tanzania such as Iringa, Singida, Kondoa, Rombo, Hai, Arumeru, Mbulu and Same Districts has been a threat to public health (Kilonzo   et al.,2006).  

There have been various claims as to what is responsible for rodent outbreaks in some localities. Fore xample, when investigating the effects of land preparation methods and cropping systems on population abundance of the Multimmate rat M. natalensis, Massawe et al. (2005) found higher rodent population peaks in dense vegetation cover practiced with slash and burn relative to tractor ploughed fields. Also, when investigating the influence of soil type on population abundance of rodents in crop fields with attention to M. natalensis, Massawe et al. (2008) found higher abundance of the species in loam-textured soils with a high percentage of sand, but lower abundance in the sandy–clay- soils. Moreover, a study on attributes for prediction of rodent burrows in the western Usambara Mountains exhibited comparatively more rodent burrows in hill- shades and slopes in higher elevations (Meliyo et al., 2014), whereas rainfall has been found to have an indirect effect on abundance of rodents due to increased availability of food during the rainy season (Mayamba et al., 2020, Jordão et al., 2010). Empirically, M. natalensis inhabits diverse habitats from natural 
grassland, bushes, thickets to treed and disturbed areas including human settlements (Mulungu et al., 2011), but absent in rainforest (Happold, 2013), hence one of the commonest species in savannah habitats with densities reaching up to 1000 rats/ha in disturbed areas (Happold 2013).

It is also,well known that,  many Africa’s protected areas in the tropics  including Kijereshi Game Reserve, are progressively becoming vulnerable to human encroachment (Caro and Scholte, 2007). The encroachment is accompanied  by anthropogenic land use and land cover changes, which have altered breeding and other population demographic parameters of small mammals including rodents (Cao        et al., 2016). Alterations to natural habitats by land use can modify the constraints imposed by environmental structure and seasonality on the timing, synchrony and fecundity of breeding by rodents (Shilereyo et al., 2020) and hence, rendering a major challenge to  their conservation and management. Therefore, precise information on essential rodent ecological characteristics and the way the animals are influenced by environmental factors is needed for effecting their conservation and management in many ecosystems (Cramer & Willig, 2002). However, little is known on these aspects from few studies that have been conducted in the vicinity of Kijereshi Game Reserve and its surroundings.  Magige (2016) and Magige and Senzota (2006) reported on abundance, species composition and diversity in cropped and fallow areas and within the uncultivated Serengeti National Park. These studies, however, were short lived and could not explore other essential ecological parameters like population dynamics and breeding patterns. As a result, Kijereshi Game Reserve which is still recovering from human disturbance (TAWA, 2018), and other conservation stakeholders fall short of important information with which they can formulate well informed rodent conservation and management strategies. For example, studies have shown that different landscapes have different affinities to rodents (Mulungu et al., 2015). Nevertheless, Magige (2016) 
recommended further studies in the area that would include several ecological characteristics like effects of seasonality and the influence of microhabitats on rodents.  Hence, information from this study will fill some existing gaps, and form a basis for informed decision making with the aid of the generated information, for future long-term monitoring of rodent community in the area. Rodents remain key pests in cereal crop production (Yonas et al., 2010), despite continued efforts to control them, and the reason being partially attributed to a limited understanding of rodent pest ecology, behaviour and biology at small scale level (Tubin, 2004). The information generated from the current study is expected to impart the surrounding communities and elsewhere, with the knowledge on when rodent populations are low or high and hence plan their timely management at less costs.  
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The general objective is to investigate rodent community ecological characteristics in maize crop fields, fallow lands and the woodland habitat within Kijereshi Game Reserve in the western Serengeti.
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i.   To investigate spatio-temporal species composition, age structure and sex ratio of   dominant rodent species
ii.	To assess spatio-temporal rodent population characteristics (population dynamics and breeding patterns) of the dominant species 
iii.	To determine the influence of ecological factors (vegetation attributes, soil characteristics, and seasonality) on abundance of dominant rodent species. 
iv.  To establish rodent food categories between different seasons and habitats
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i.	Habitat types and seasons have no influence on rodent species composition, age structure and sex ratio in the study area 
ii.	Habitat types and seasons have no influence on rodent population characteristics (ie population dynamics and reproduction)
iii.	Habitat types and seasons have no influence on food categories of rodents in the study area
iv.  	Ecological factors and seasonality influence abundance of rodents across Kijereshi Game Reserve and neighbouring village landscapes
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i.	Limited financial resources for carrying out detailed vegetation characterization and molecular diet analysis 
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Figure 1:  Conceptual framework showing drivers of rodent population outbreaks, their effects and the mitigation measures proposed in the current study
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Rodents play an important role ecologically, socially and economically. Hence studies on aspects which have bearing on their population ecology is important in many countries south of the Sahara, including Tanzania. In this study, we aimed to determine the spatio – temporal variation in rodent species diversity and richness of rodents, and also in sex ratio and the age structure of the dominant rodent species, Mastomys natalensis. The study was conducted in the Kijereshi Game Reserve – Nyamikoma village landscape in western Serengeti – Tanzania. We captured 1,075 individuals through monthly Capture – 
Mark – Recapture technique from April 2020 to March 2021 in the wooded grassland, fallow land and maize crop fields comprising eight rodent species and one shrew species. The most abundant rodent species across habitats was Mastomys natalensis. While fallow land had the highest species richness, maize crop fields had the lowest. Also, fallow land had the highest diversity while maize crop fields the lowest. Numbers of adults, subadults and juveniles varied significantly between wooded grassland and maize crop fields, but marginally between seasons. More females and subadults were captured during May and August while maize crop fields had more adults than the wooded grassland, except in the months of February and March. Also, there were more Juveniles in the maize crop fields than in the wooded grassland habitat, suggesting differential reproduction rates between the two habitats. Further, the sex ratio varied between maize crop fields and wooded grassland. May, August and November had more females
in the wooded grassland habitat as compared to maize crop fields, suggesting presence of more females that were searching for food in the area during these months of the year. This information is vital for devising a proper ecological management plan. Rodent control can be effected by clearing vegetation in fallow lands surrounding maize crop fields and attracting mesocarnivores and birds of prey to the crop fields.

Keywords: Kijereshi, Nyamikoma, community – structure, rodents, Western – Serengeti
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Small mammal community structures have been altered due to agriculture and other human activities that are changing natural habitats on various landscapes around the world including Tanzania (Ewers & Didham, 2006; Devictor and Julliard, 2008; Shilereyo et al., 2020). Changes in species diversity and abundance may have negative impacts on conservation and the public economy (Stenseth, et al., 2003). For example, the current exclusion of specialist rodent species 
from communities is giving rise to increasing numbers of pest species that harm crops (Stenseth, 2003; Umetsu & Pardini, 2007). This could lead to an alteration of the natural prevalence of zoonotic pathogens in wild reservoirs, which poses health risks to the public (Thompson, 2013).

The fragmentation and degradation of natural habitats are also known to have negative effects on other small mammal community demographic parameters like age structures and sex ratios (Schowalter, 2006). Age structure reflects the proportions of individuals at different life stages and it is an important indicator of population status (Schowalter, 2006). Growing populations animals generally have larger proportions of individuals in a younger age-classes while declining populations usually have smaller proportions of such individuals in these age classes. Contrarily, stable populations have relatively more individuals in reproductive age – classes (Schowalter, 2006). 

Further, the sex ratio is an important demographic parameter underpinning population fluctuations in mammals (Oli & Dobson, 2003). Normally, mammalian species produce approximately equal numbers of males and females, resulting in a balanced sex ratio (Rosenfeld & Roberts, 2004). Strongly skewed sex ratios have significant implications for population dynamics (Setsaas,  2007; Ndibalema, 2009; Marealle,  2010). Sex ratios can be influenced by seasonality and land use. For example, Malizia (2001) and  Shilereyo et al. (2020) reported a skewed adult sex ratio towards males across most land use types and seasons, but towards females in the pastoral than the agricultural land in the North-eastern part of the Serengeti ecosystem, Tanzania. However, Omogbeme and Oko (2018) reported a non-significantly skewed sex ratio in both dry and wet seasons in Nigeria. 

Kijereshi Game Reserve has recently been under intensive anthropogenic pressures like farming, wild fires, and wood collection by neighbouring communities before its gazettement in 1994 (TAWA, 
2018). The activities may favour a shift in status of the variables influencing population structure of rodent populations (Katesa & Tsegaye, 2015; Rovollo-Cadima, 2020), under different habitats or land use. To date, little is known about the community structure of small mammals including rodent species found within this area. Happold et al.(2013) identified about 30 small mammalian species (21 rodents and 9 insectivores) in the Greater Serengeti Ecosystem while Byrom  et al. (2015a) reported about 40 small mammalian species in the same ecosystem, though how such rodents are organized at local scales is not well understood. Some studies elsewhere have indicated that while some rodent communities exhibit fairly species evenness in their communities, others show species dominance in their diversity (Magige, 2016; Avenant & Cavallini, 2007). For example, Mastomys spp has been described as a generalist species, which dominates small mammal communities in various habitat types including protected natural savannahs and agro-ecosystems (Magige, 2016; Avery, 1992) and also  during and just after disturbance of given habitats, for example during and after fire burning (Manyonyi et al., 2020).

In this study, we aimed to describe and compare the community structure of rodent species found in the wooded grassland (WG) within the protected Kijereshi Game Reserve, which is presently recovering from anthropogenic stress, and Nyamikoma village agro-ecosystem area, which is featured by a mosaic of fallow land and maize crop fields as a result of the small scale cultivation. We hypothesize that the small mammal community structure varies spatially and temporally owing to varying biotic and abiotic conditions in the three habitat types (Kitessa & Tsegaye, 2015).

In this study, rodent community structure is defined as species diversity, composition, sex ratio and age structure (Revollo-Cadima et al., 2020). Hence, we compared the former three parameters and later on, we specifically analyzed the last two with attention to Mastomys natalensis, 
as it was the most abundant species in all three habitats: wooded grassland (WG), fallow land (Fallow) and maize crop fields (Maize). Also, M. natalensis dominated in both wet and dry seasons throughout the study period. To understand the community structure of rodent species and how they are related to different habitat types and seasonality, we focused our research on two questions: (1) How do diversity, species composition and richness vary among different habitat types and seasons, and (2) Are there significant differences in sex ratio and age structure of the dominant species, M. natalensis in different habitats and seasons? Answering these two questions, is essential for formulating sound conservation and management strategies for small rodents in the landscapes.
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The study was conducted within Kijereshi Game Reserve and the neighbouring Nyamikoma village within Busega and Bariadi Districts in Simiyu Region. The area is part of the western Greater Serengeti ecosystem, but the  Game Reserve covers 65.7 km2, and is located at 2º16´49.06´´S and 33º58´ 47.16.´´E (Figure 1). On the northern side, Kijereshi Game Reserve shares the boundary with the Serengeti National Park. Overall, the Game Reserve is surrounded by six villages, which are Lukungu, Mwabayanda, Mwakiroba, Kijilishi, Senta and Nyamikoma. The Reserve is characterized by three vegetation types: the riverine forest (covering 9.4% of the reserve area), grassland (25.1%) and wooded grassland (65.5%) (Gunda et al., 2022). Basically,  the soil within the landscapes is primarily sandy – clay – loam, and the area receives an annual rainfall of about 750 – 850 mm (McSherry, 2015), characterized by bimodal rainfall patterns with short rains from November to January and long rains from March to May (Campbell, 1995).
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The study site within Kijereshi Game Reserve is characterized by grasses, which include Sporobolus ioclados, Chrysochloa orientalis Microchloa kunithii, and Sporobolus nervosa. Also there are forbs like Commelina spp, Portulaca spp, and Indigofera hochstetteri, Justicia matamensis and sedges like cyperacea (McSherry, 2015). Some of the trees and shrubs found in the reserve include Vachellia tortilis, Senegalia senegalensis, Solanum incunum, Balanites aegiptiaca, Ziziphus mucoranota, Vachellia seyal, Vachellia dropenorobium, Abrus precatorius, Grewia falax, Commiphora spp, Cordia monoica, Euphobia spp, Salvadora persia and Agave spp. The fallow land fields were 
covered by a number of perennial and annual vegetation including invasive species like Opotuntia spp, Lantana camara and Datura stromonium. Other vegetation included grasses – Gramineae, which are common in disturbed soils and uncultivated fallow lands. They included Panicum maximum, Digitaria scalarum, Bidens pilosa, Cynodon dactylon, and Commellina bengelensis (Rwebuga et al., 2023). The fallow lands surrounded cultivated fields, which, during the wet season, were planted with maize crops (Rwebuga personal observation, 2020). Various weeds were encountered in the fields, including Cynodon dactylon, Digitaria scalarum, Bidens pilosa, Panicum maximum, and Commellina bengelensis. Fragments of mixed crop gardens comprising legumes, bananas, sweet potato, cotton and paddy also surrounded these cultivated study fields (Rwebuga et al., 2023). 
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Capture-Mark–Recapture – CMR– technique was used to study rodents from April 2020 to March 2021. A total of nine permanent 70 × 70 m randomly trapping grids (three in the wooded grassland (WG) within the Game Reserve (cultivation prohibited); and other three in the maize crop field (Maize) as well as in the fallow land (Fallow) within Nyamikoma village land were established. Maize crop fields had ongoing maize crop cultivation throughout the study period whereas fallow lands had no cultivation for the minimum of two years back and throughout the trapping period of our study. The size of the grids corresponds with the approximate size of the farmer’s field (Mulungu et al., 2015). A distance of 300 m and above was set between each CMR grid, since this distance is enough to prevent overlaps of small rodents from different communities (Mulungu et al., 2015). 

Each grid consisted of seven parallel lines, 10 m apart, and seven trapping stations per line, which also were 10 m from each other, making a total of 49 stations per 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 all were set for three consecutive nights at intervals of four weeks for a total of twelve trapping months. Traps, baited with peanut butter mixed with bran/maize flour, were placed in the afternoon and inspected in the morning and left open during the day and night whereas bait lost to other organism like ants were replaced with new ones (Makundi et al., 2010).  We treated all captured animals in compliance with the 1964 Helsinki Declaration (7th revision) and guidelines of the American Society of Mammalogists (Sikes and Gannon, 2011). Also, our research study adhered to the ethical regulations of the Sokoine University of Agriculture, Tanzania, and all procedures for acquiring permits from the local authority to carry out research in our study areas (Mulungu et al., 2015). On the first day of capture, all animals were marked by toe clipping using an established coding system (Borremans et al., 2014). For each capture, the trap station was recorded along with the small mammal’s sex, weight and reproductive condition (males as scrotal or non-scrotal and females as perforate or imperforate vagina, lactating or pregnant through palpation) (Mulungu et al., 2015). All trapped rodents were identified to the species level as per Kingdon et al. (2013) and Monadjem et al. (2015). Thereafter, they were released at the same location of capture. 
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We pooled data from all the three grids of each of the three major habitat types: wooded grassland, fallow land and maize crop fields. Thereafter, the pooled data for each habitat type were analyzed separately. When sex ratio and species diversity data were tested for normality using the Shapiro – Wilk test, they assumed a p-value > 0.05 hence further analyzed using the Analysis of Variance – ANOVA – technique because they met the assumption of normality. However, age class and abundance indicated a p-value < 0.05, hence log-transformed and then analyzed with the ANOVA technique. Species composition 
was expressed as the percentage of individuals of each species over the total abundance of all species captured. Paleontological Statistical software PAST (Hammer et al., 2001) was used to calculate diversity measures: Species richness and Shannon-Wiener Diversity Index. Also, a species accumulation curve was obtained for the three habitat categories using PAST software. The monthly differences in the small mammal richness between WG, Maize and Fallow were tested with analysis of variance (ANOVA). Where the ANOVA test indicated significant differences, the Tukey post hoc (HSD) test was used to detect a group of variables whose means were different. Species richness was considered as the number of species in each of the three habitat types. Species diversity estimations were made by the Shannon-Wiener Index (Shannon, 1948), which considers even the rare species, with the following formula:- 

Where: HI= Shannon’s diversity index
In= Natural logarithm
pi=The proportion of the entire community made up of species i
R= Number of different species in the corresponding species list
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Age structure and sex ratios could be determined for the dominant species, Mastomys natalensis because it was the only species with enough numbers of individuals that could be categorized into juveniles, sub-adults and adults following the relationship between age and body weight (Leirs & Verheyen, 1995). Also, it was the only species with enough individuals for spatio – temporal comparisons in terms of sex ratios. Individuals weighing < 20g were classified as juveniles, those weighing < 24g as sub–adults and the ones weighing ≥ 24g as adults (Leirs et al., 1994) . On the other hand, the sex ratio is defined as the 
proportion of females in the whole population and was done in favour of females (Mulungu et al., 2013). Male rodents were ignored as they can be active throughout the season and one male can encounter many females in one season (Mulungu et al., 2014). Consequently, the sex ratio was determined as the proportion of the number of females Mastomys natalensis to the total number of individuals captured (Mdangi et al., 2013). To test if sex ratios varied within habitats and seasonality or their interactions, the data were analyzed through analysis of variance – ANOVA using PAST software (Hammer et al., 2001). Habitats and months were independent factors while sex ratios were dependent variables. The means separation was done using the Tukey post – hoc test to explain the significant difference in means of sex ratios between habitats and months or their interactions.
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From the 2,268 trapping nights, 1,075 small mammalian individuals equal to trap success of 47.4%, were captured. These comprised of eight rodent, and one insectivorous species, Crocidura cf. flavescens (Table 1). While Mastomys natalensis was the most abundant rodent species in all habitats and seasons, four of the nine small mammalian species were rarely caught during the whole study period. Those were Saccostomus compestris, Acomys wilson, Mus minotoides and Rattus rattus (Table 1).
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Table 1. List of small mammal species captured in the WG Game Reserve, and Fallow and Maize habitat types within the Kijereshi- Nyamikoma village agro-ecosystem in the Western Serengeti between April 2020 and March 2021.

	

Species
	Total number of individuals
(% contribution in WG)
	Total number of individuals
(% in Fallow )
	Total number of individuals 
(% contribution in Maize )
	Overall in number 
(% contribution overall)

	Mastomys natalensis
	132 (68.4)
	278 (69)
	412 (91)
	822 (76.5)

	Arvicanthis niloticus 
	18 (9.3)
	36 (9)
	2
	83 (7.7)

	Gerbilliscus vicinus 
	2 (1)
	12 (3)
	3
	17 (1.6 )

	Crociduracf. flavescens 
	33 (17.1)
	54 (13)
	32 (7)
	119 (11.1)

	Saccostomus mearnsi
	1 (1)
	12 (3)
	2
	15 (1.4)

	Acomys wilsoni
	2 (1)
	0
	0
	2

	Mus minutoides
	2 (1)
	1
	0
	3

	Rattus rattus
	3 (2)
	0
	0
	3

	Aethomys kaiseri
	0 (0)
	9 (2)
	0
	9 (0.8)

	Total captured
	193
	402
	451
	1,075

	Total trap nights
	756
	756
	756
	2,268

	Species richness
	8
	7
	5
	9

	Shannon-Wiener Diversity Index
	   1.02
	    1.05
	  0.35
	


Key: WG = wooded grassland, Fallow = fallow land, Maize = maize crop fields

Species accumulation curves indicate that during the twelve months of data collection, more species of rodents were obtained in the WG, less in Fallow and least in Maize. However, in all cases, asymptotes could not be reached during the whole period of the study (Figure 2).
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[bookmark: _Toc152190039][bookmark: _Toc152343830][bookmark: _Toc166159600][bookmark: _Toc166161547][bookmark: _Toc166161643][bookmark: _Toc166162711][bookmark: _Toc166162864][bookmark: _Toc166163560]Figure 2:   Species accumulation curve in all three habitat types across the twelve-month trapping period expressed in terms of cumulative number of species per number of individuals of rodents trapped in a given habitat type: WG = wooded grassland, Fallow =fallow land, Maize = maize crop fields. 

 Essentially, species richness varied numerically across months and habitats (Figure 3) whereas diversity was statistically significant between habitats (F2, 30 = 8.423, p = 0.001) and seasons (F1, 30 = 6.631,            p = 0.015). The Tukey post hoc (HSD) test revealed a significant difference in species richness between WG and Maize (p = 0.005) and between Fallow and Maize crop fields (p = 0.003).  Diversity was higher both in the WG and Fallow in the wet season, but higher in the Maize during the dry season (Figure 4). Nevertheless, the interaction between habitat types and seasons was statistically non – significant (F2, 30 = 1.552, p = 0.228).  
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[bookmark: _Toc152190041][bookmark: _Toc152343832][bookmark: _Toc166159602][bookmark: _Toc166161549][bookmark: _Toc166161645][bookmark: _Toc166162713][bookmark: _Toc166162866][bookmark: _Toc166163562]Figure 4:    Mean (± SE) seasonal Shannon-Wiener index of diversity in the three habitat types. Key: SE = Standard Error, WG = Wooded grassland, Fallow = Fallow land, Maize = Maize crop fields, dry = Dry season and wet = Wet season.
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There was a significant difference in the numbers of adults, subadults and juveniles between habitats (F2, 102 = 3.09, P = 0.049), and marginal statistical difference between seasons (F1, 102 = 3.743, p = 0.055). Tukey post hoc test revealed a statistical difference in the numbers of adults, subadults and juveniles between WG and Maize crop fields (p = 0.042). According to Figure 5, Maize had more adults than WG except for the months of February and March. Also, there were more Juveniles in the Maize than in the WG. Seasonally, numbers of adults, subadults and juveniles varied more in the WG than in the Maize crop fields. In the 
WG, juvenile could not be trapped for a longer period of the wet season (April, May, December, January, February and March) as compared to  the dry season (October and November). Subadults were present during the wet season only (April, May, January, February and March). Also, in the Maize crop fields, subadults could not be captured for a longer period during the wet season (April, January and March) than in the dry season (June and August) while juveniles could not be trapped in January only (Figure 5).
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Numbers of females and males of M. natalensis captured varied significantly between dry and wet seasons (F1, 64 = 8.31, p = 0.005) and across the three habitat types (F2, 64 = 6.9, p = 0.004). Tukey post hoc test revealed difference in the male and female numbers between Maize and WG (P = 0.003). As depicted in figure 6 below, during the months of May, August and November, there were more females in the WG than in the Maze. Also, the number of females fluctuated between the wet and dry seasons. WG had more females in equal durations for both wet (May 2020 and February 2021) and dry (August and November 2020) seasons. Likewise, there were fewer females in equal periods for dry (June, July and October 2020) and wet (December 2020, January and March 2020) seasons in all habitat types. Moreover, Maize had more females in equal periods; wet (May 2020 and February 2021) and dry (July and October 2020). However, fewer females were captured for longer duration in the wet season (December 2020, January and March 2021) than in the dry season (only in September 2020). Fallow had more females for a longer period in the dry season (June, July, August and October 2020) than in the wet season ((January and February 2020) (Figure 6). On the other hand, fewer females were observed for a longer period in the wet season (April, May and December 2020) as compared with the dry season (September and November 2020) in all habitat types. The interaction between the habitat types and seasons was statistically non-significant (F2, 64 = 8.31,               p = 0.445).
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[bookmark: _Toc152190045][bookmark: _Toc152343836][bookmark: _Toc166159606][bookmark: _Toc166161553][bookmark: _Toc166161649][bookmark: _Toc166162717][bookmark: _Toc166162870][bookmark: _Toc166163566]Figure 6: 	Mean (± SE) monthly observed and expected proportion of female M.natalensis in different habitats. Key: SE = standard error, WG = wooded grassland, Fallow = fallow land, Maize = maize crop fields, Expected = an expected proportion when there is skewness
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During the twelve-month period of study, eight species of rodents and one insectivore species (nine species in total) were recorded. However, four of them were very rarely caught during the whole study period. The species considered as rare in the current study were also reported to be rare in the previous long-term studies, implying their patchy and localized distribution (Byrom et al., 2015b; Kingdon et al., 2013). 








Therefore, the species richness reported by the present study, which only covered less than 0.5% of the whole ecosystem is a comparatively good representative of the ecosystem (Sinclair et al., 2007; TAWA, 2018). The accumulation curves (non-asymptotic) for all the habitat types (Figure 2), suggest that more effort could have led to capture of more species if the study had continued over twelve months period. There is also a possibility of more species to have been captured if multiple-trapping techniques had been used, instead of the single technique (CMR), whereby only one trap was used per trap station in each of the habitats type for only three trapping nights per month. This supposition matches well with results by Stephens and Anderson (2014) who found out that, Sherman live traps and pitfall traps combined captured significantly more species than either trap type used independently. The combined data records over the period of 48-years (from 1962 to 2010) for the great Serengeti ecosystem (our study area included) revealed about 40 species of small mammals (Byrom et al., 2015b; Kingdon et al., 2013). According to Byrom et al. (2015b) the reported findings for the ecosystem were a result of studies conducted in ten different habitats, using different combined trapping techniques for three to ten nights a month. 

Spatial variations in the small mammal species composition was observed, with Mastomys natalesis occurring across all habitats, but more in maize crop fields than elsewhere. These results are similar to findings by Kessy et al. (2023) who reported dominance of M.natalensis in some habitats and seasons. This is probably, conforming to the hypothesis that Mastomys sp are able to survive in a wide range of environmental conditions, and are often the most numerous mice in savanna habitats and agricultural fields (Kingdon et al., 2013; Makundi et al., 2007). 








However, the highest richness was recorded in the wooded grassland and the lowest in maize crop fields. Also, richness was higher in months that fall in the rainy season, probably portraying their response to the availability of food and vegetation cover as it was reported in the previous studies (Makundi et al., 2010). On the other hand, drier months had reduced small mammal richness, similar to  findings that were reported in Ethiopia by Cao et al. (2016), and this is probably because of decreased cover and limited heterogeneity in available food items (Ofori et al., 2013). Further, the small mammal species diversity was spatially higher in fallow land and lowest in maize crop fields, while on temporal scale, diversity was higher in the wooded grassland and fallow land in the wet season, but higher in the maize crop fields during the dry season. The results are in agreement with Chidodo et al. (2020) who reported that habitat characteristics influence the diversity of rodents. Some habitats may offer more vegetation for food and shelter for breeding as well as protection of the rodents from possible predation as compared with others (Shilereyo et al., 2020).
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The age structure of M. natalensis varied significantly among adults, subadults and juveniles. There was a statistical difference in the numbers of adults, subadults and juveniles of the dominant rodent species M. natalensis between habitats, similar to results reported by Tkadlec and Zejda (1998). In the month of September, there were more adults, subadults and juveniles in the wooded grassland habitats than in other months as was reported by Attuquayefio et al. (2013). This probably is because it is the peak of breeding for most individuals, and is far more pronounced in the wooded grassland than in other habitats as the compensation for deaths of rodent individuals that had died during the rainy season. Most part of our study area falls in a low land, which comparatively floods easily and this leads to more deaths of rodents as was observed by Jacob (2003). In maize crop fields, there 






were more numbers of adults during the months of May, June and July 2020. Similar results were observed by Attuquayefio et al. (2013). Probably this suggests that higher numbers of adults are often caught more than juveniles and subadults as age tends to affect trappability. Normally, juveniles do not move far from their nests, hence decreasing their probability of encountering traps (Golley, 2009).
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The sex ratio of a dominant rodent species M.natalensis was biased towards males in the wooded grassland habitats for seven months: April, June, September, October, December, January and March 2020. The same phenomenon was found in fallow land habitat for three months: April, July 2020 and December 2020 whereas in the maize crop fields, the bias was for five months: April, May, September 2020, January and March of the other year (2021). However, the sex ratio bias of M. natalensis shifted towards females for four months in each habitat type. In the wooded grassland, it was in May, August, November 2020 and February 2021 whereas in fallow land, the biasness was detected in May, June, August and October 2020, and June, July, August and November 2020 in the maze crop fields. The months were distributed into different seasons. April, May, December 2020, January, February, March 2021 and November 2020 fall in the wet season while June, July, August, September and   October 2020 fall in the dry season  (Norton-Griffiths, 1975; Ritchie, 2008). These results are in line with findings by other investigators and probably the two sexes were influenced differently by several factors including seasonality and habitat types. Mlyashimbi et al. (2019) reported more males of M. natalensis compared to females during the dry season and attributed the pattern to factors like search for food and mates, or individuals which were just in transit as males of this species are known for exhibiting larger home ranges. On the other hand, Wolf (2002) reported differential capture between male and female sexes of rodent species simply because of varying conditions of traps used (i.e. clean or dirty). Further, 
Namukonde et al. (2017), Babale (2018) and Sellers (2016) observed differences in the capture of female and male rodents resulting from environmental factors such as fire and vegetation types that determined the presence or absence of a rodent of a given sex in a certain locality and time.
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[bookmark: _Hlk164021842]The study shows high rodent species diversity in fallow and within the protected wooded grassland habitats, while there is less diversity in the cultivated maize crop fields. The comparisons in community structures of small mammals between habitats showed spatial and temporal variations in species diversity and composition. Also, there were differences in terms of age structure and sex ratio for M. natalensis. Hence, these findings suggest that small-scale comparisons of the community structures of small mammals between habitats can provide knowledge that is needed for the conservation of small mammal species. The wooded grassland and fallow land habitats had more species diversity as compared to maize crop fields and hence might be ideal places for rodent gene propagation. Maize crop fields had substantial numbers of adults and juvenile rodents. Hence rodent control that includes clearing of vegetation in fallow lands surrounding maize crop fields and encouraging mesocarnivoures and birds of prey to visit their crop field might be effective. Generally, far less species richness was recorded during our study probably because a single type of trap was used and few habitats were considered. Further, in many areas the rodents fluctuate greatly from year to year hence information obtained depended on a year of study. Therefore, in future studies, more habitat types should be chosen and multiple trapping at one trapping station engaged to improve the capture of rodent species individuals. Also an extended period of time that covers more than two years should be considered in order to capture spatio-temporal variations in species richness and abundance of the rodent species in the study area. 
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The multimammate rodent Mastomys natalensis is known to cause crop losses to farmers due to limited control measures resulting from complexity in its population dynamics. We studied factors driving the population fluctuation and breeding patterns of this species in Western Serengeti, northern Tanzania to generate information to inform the control measures for this species. Rodent population and breeding data were collected over two years using the Capture-Marker-Recapture 
technique. Consistent with other studies elsewhere, we hypothesized that M. natalensis abundance would vary spatially and seasonally depending on food availability. We found the density of M. natalensis was highest in the maize crop fields and lowest in the wooded grassland and was higher during the dry season, than the wet season. M. natalensis females bred continuously, but showed no significant difference in breeding females across habitats and between seasons. Further, there was a weak negative correlation between rainfall and the number of breeding females suggesting low survival perhaps due to flooding in the study area. Comparatively, the density of M. natalensis, was   higher in maize crop fields, in all seasons, than other habitat types, but dropped markedly between October and January, suggesting that this period could be a good timing for the rodent control. 
	
Key words: Population-dynamics, breeding-patterns, rainfall-patterns, Mastomys- natalensis, Kijereshi-Game-Reserve, western-Serengeti
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[bookmark: _Hlk164022760]The pestiferous rodent mammals are widely distributed throughout the forests, savannahs, grasslands and agricultural landscapes across sub-Saharan Africa (Colangelo et al., 2013; Jacob and Brown, 2000; Monadjem et al., 2015). These rodents and other small mammals are ecologically important to ecosystems as seed predators, ecosystem engineers, nutrient cyclers and prey species (Bergstrom et al., 2018), and cause considerable economic and health problems to man through destroying crops causing hunger, and through spreading pathogens causing diseases by acting as hosts and reservoirs of disease pathogens, hence causing overall  socio-economic impact on humans (McCauley et al, 2015).










Many Africa’s protected areas in the tropics are progressively becoming vulnerable to human encroachment (Caro and Scholte, 2007). The encroachment is featured by anthropogenic land use and land cover changes, which have altered breeding and other population demographic parameters of small mammals including rodents (Cao et al., 2016). Alterations to natural habitats by land use can modify the constraints imposed by environmental structure and seasonality on the timing, synchrony and fecundity of breeding by rodents (Monica et al., 2020).

The relationship between Mastomys spp population dynamics and other rodent community species diversity, crop depredation and transmission of zoonotic diseases is well documented (Makundi et al., 2010; McCauley et al., 2015). For example, birth, death, immigration and emigration are the four primary ecological events known to influence the dynamics of a population (Tarsi & Tuff, 2012). The four parameters can be formulated into a simple equation that expresses the phenomenon; “Change in Population Density = (Births + Immigration)-(Deaths + Emigration)” (Tarsi & Tuff, 2012). All other factors, either biotic or abiotic in nature are considered as secondary, and exert their impact on population density by influencing one (or more) of the variables on the right-hand side of the above equation. Such factors are broadly categorized as density independent or exogenous factors, e.g., volcanic eruption, and density dependent or endogenous factors, e.g., competition (Bendik & Dries, 2018). 

Endogenous factors cause changes in a dynamic variable (e.g., the per capita growth rate), which in turn is affected by those changes (Previtali et al, 2009). In contrast, exogenous factors may influence the per capita growth rate, but are not affected in turn by those changes (Previtali             et al., 2009). Further, influences on population fluctuations can occur synchronously over large spatial scale due to a response to some 
landscape processes (Massawe et al., 2011; Ranta et al., 1995; Utrera et al., 2000), or over a small scale on small localized areas, suggesting the contribution of local rather than landscape processes (Bowman et al., 2000; Krohne and Burgin, 1990). Changes in species diversity and abundance may lead to negative impacts on conservation and public economy (Stenseth et al., 2003). For example, exclusion of specialist rodent species from communities may  give rise to higher population sizes of pestiferous species  (Stenseth et al., 2003; Umetsu and Pardini, 2007) and increased spread of zoonotic diseases (Thompson, 2013) enhanced by compromised dilution effect (McCauley et al., 2015).
	
Various investigators have specifically proposed possible mechanisms by which M. natalensis increases in population size so rapidly and sometimes getting to outbreaks, which are unusual occurrences of large numbers of rodents in one season or in some years (Leirs et al., 1996a). For instance, (Telford, 1989) and (Leirs, 1992) claimed that large litter size, several litters per season, increased survival and quick maturation are some of the demographic factors that favour high population turnover of M. natalensis. Other researchers claim that increase in numbers of rodents to the levels of outbreaks in maize-dominated mosaic habitats, is influenced by rainfall pattern (Leirs, 1995; Linn 1991). As such, reproduction of Mastomys in an area with bimodal rainfall pattern is considered to be normally affected by irregularities in rainfall patterns (Leirs et al., 1989; Telford, 1989).

Breeding of Mastomys has been reported to start in the second peak of the rainy season (March-May), and lasts throughout the dry season until the end of September (Christensen, 1993; Leirs et al., 1990). According to Leirs et al. (1996) depending on the location of the study site, if the first peak of the rainy season (let say, October-December) is low, the young will remain sexually immature until March, and densities will decrease drastically due to poor survival. If the first peak of the rainy 
season experiences abundant rains, the rodents reproduce at a very young age after the second peak of the rainy season and hence many young are recruited at the end of the following main breeding season (Leirs et al., 1993). A simple logistic model for predicting outbreaks of M. natalensis in Morogoro, Tanzania exists, but relies on a single factor only, the rainfall (Leirs et al., 1996b). However, (Mulungu et al., 2013b) found out that Mastomys natalensis bred continuously when food was available regardless of seasonality. 

Understanding the drivers of population fluctuations and the underlying mechanisms through which they occur has challenged ecologists for years (Previtali et al., 2009). Further, the variation in opinions by various researchers serves as potential evidence for variation in demographic and/or ecological variables responsible for the outcome between ecological zones. Yet information on the local-scale rodent population fluctuations is still scarce (Andreassen et al., 2021). This gap, further, hinders efforts for designing effective mitigation measures to prevent potential Mastomys natalensis population outbreaks in many terrestrial areas including Kijereshi Game Reserve and the Nyamikoma village agro-ecosystem in the western Serengeti. This study, therefore, aimed at finding out how densities and breeding of the species vary monthly and across different habitats in relation to rainfall patterns in the wooded grassland and in maize agro-ecosystem. In that regard, we put forward two hypotheses with reference to the species dynamics and breeding patterns. Firstly, we hypothesized that, habitats in agro-ecosystem will tend to increase abundance of M. natalensis while the wooded grassland will have a negative influence on its abundance.  Secondly, that rainfall has a positive influence on the breeding patterns of the species across habitats. Information obtained would make it possible to apply the knowledge to their conservation and management (Bjørnstad & Grenfell, 2001).  
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The study was conducted within Kijereshi Game Reserve and the neighbouring Nyamikoma village landscape within Busega and Bariadi Districts in Simiyu Region. The game reserve covers 65.7 km2   and is located at 2º16´49.06´´S and 33º58´ 47.16´´E (Figure 1). On the northern side, Kijereshi Game Reserve shares the boundary with the Serengeti National Park (SENAPA), and it is surrounded by six villages which are Lukungu, Mwabayanda, Mwakiroba, Kijilishi, Senta and Nyamikoma. The reserve is primarily covered by three vegetation types: the riverine forest (covering 9.4% of the reserve area), grassland (25.1%) and wooded grassland (65.5%) (Gunda et al., 2022). Soil is mainly sandy - clay - loam and the area receives an annual rainfall of about 750–850 mm (McSherry, 2015) characterized by a bimodal rainfall patterns with short rains from November to January and long rains from March to May (Campbell  & Hofer, 1995).
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Figure 1:  Location of study sites within Kijereshi GameReserve and Nyamikoma village

The grassland patches in Kijereshi Game Reserve are dominated by grasses such as Sporobolus ioclados, Chrysochloa orientalis Microchloa kunithii and Sporobolus nervosa. Also, there are forbs e.g. Commelina spp, Portulaca spp, and Indigofera hochstetteri, Justicia 
matamensis, and sedges e.g. cyperacea  (McSherry, 2015). Some of the trees and shrubs found in the reserve include Vachellia tortilis, Senegalia senegalensis, Solanum incunum, Balanites aegiptiaca, Ziziphus mucoranota, Vachellia seyal, Vachellia dropenorobium, Abrus precatorius, Grewia falax, Commiphora spp, Cordia monoica, Euphobia spp, Salvadora persia and Agave spp. 

The fallow land fields were covered by various perennials including invasive species like Opotuntia spp, Lantana camara and Datura stromonium, and annual grasses such as Panicum maximum, Digitaria scalarum, Bidens pilosa, Cynodon dactylon, and Commellina bengelensis, which were common in disturbed soils (Rwebuga et al., 2023). The fallow lands surround cultivated fields, which, during the wet season, are commonly planted with maize crops (Rwebuga personal observation, 2020). Fragments of mixed crop gardens and small farms comprising legumes, bananas, sweet potatoes, cotton and paddy are commonly planted in the vicinity of the maize crop fields (Rwebuga           et al., 2023).
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The rodents were trapped for twenty-four months using a Capture-Mark–Recapture (CMR) technique from April 2020 to March 2022. A total of nine permanent 70 × 70 m randomly set trapping grids were established as follows; three in the wooded grassland (WG) within Kijereshi Game Reserve, three in the Fallow land, and the other three in the Maize crop fields within Nyamikoma village land. Maize crop fields had ongoing maize crop cultivation throughout the study period whereas fallow fields were not cultivated at all throughout this period.

The size of the grids corresponds with the approximate size of the farmer’s field (Mulungu et al., 2013). A distance of about 300 m or so was set between CMR grids, because such distance is presumably 
enough to prevent overlaps of rodents from different communities (Mulungu et al., 2013). Each grid consisted of seven parallel lines, 10 m apart, and seven trapping stations per line, which also were 10 m from each other, making a total of 49 stations per 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 all were set for three consecutive nights at intervals of four weeks every month. Traps, baited with peanut butter mixed with bran/maize flour, were placed in the afternoon and inspected in the morning and left open during the day and night (Makundi et al., 2010). Trapping was conducted concurrently in all three habitats whereby a total of 441 traps were used at once. We treated all captured animals in compliance with the 1964 Helsinki Declaration (7th revision) and guidelines of the American Society of Mammologists (Sikes and Gannon, 2011). Also, our research study adhered to the ethical regulations of the Sokoine University of Agriculture (SUA), and all national procedures for acquiring permits from the local authority to carry out research in Tanzania (Happold, 2013).

On the first day of capture, all animals were marked by toe clipping using an established coding system (Mulungu et al., 2015), and for each capture, the trap station was recorded along with the small mammal’s sex, weight and reproductive condition (males were either scored as scrotal or non-scrotal and females as the perforate or imperforate vagina, lactating or pregnant through palpation) (Happold, 2013). All trapped rodents were identified at the species level using different techniques, including field guides (Borremans et al., 2014). Thereafter, they were released at the same location of capture. 
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Monthly population abundance of M. natalensis was estimated by the direct enumeration method using a calendar of captures, and was expressed as the Minimum Number of Animals Known Alive (MNA)(Krebs, 1966), a measure of population size for Mark-Recapture studies of small mammals. It is calculated by summing up the number of animals caught at a particular time, as well as all other animals known to be alive because they were caught both before and during that time (Krebs, 1966) . Then abundance was expressed in terms of population density as the MA/hectare. Breeding patterns were established by determining the number of sexually/reproductively active and non-active females in different habitat types and months. Females were considered to be sexually/reproductively active when the vagina was perforated, nipples swollen on account of lactation or when they were pregnant. Correspondingly, all other females with closed vagina and non-swollen nipples were considered non-sexually active. The definition of sexual activity used in this study was adopted from (Leirs, 1995) who defined the terminology as a physiological condition, and not as a typical behaviour. We tested differences in rodent abundance between the trapping months and habitat types using non-parametric Kruskali Wallis test.  Means separation test between significantly different groups was performed using pairwise.wilcox.test() function in R programme (Mulungu et al., 2016). Graph plotting was used to indicate the relationship between rainfall pattern and monthly fluctuations in population abundance (MNA/h) across different years of trapping, breeding (active) and non- breeding (non-active) female M. natalensis and the total number of female M. natalensis in different months and habitats. Further, to understand the effect of rainfall, habitats and trapping months on the density of M.natalensis, we built a negative binomial generalized linear model (GLM), implemented in the package MASS after detecting data over dispersion (Mwasapi & Rija, 2022). 






During this study, only female individuals of M.natalensis were considered because males can be sexually active all the year round and one male can impregnate several females (Mulungu et al., 2013b). Further, two statistical tests were performed; Pearson correlation analysis to establish the relation between rainfall and breeding of M.natalensis, and also, we ran a negative binomial generalized linear model (GLM) to understand the influence of rainfall, habitats and their interaction on the breeding numbers of rodents per every month of trapping.  Rainfall data to link the population dynamics and breeding pattern were obtained from Handajega Meteorological Station under the Tanzania National Parks Authority (TANAPA).
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Population abundance in terms of density of Mastomys natalensis varied significantly between habitat types (Χ2 = 8.922, df = 2, p-value = 0.012).It was highest in the Maize (MNA 46.24/h) than the Fallow (MNA 28.42/h) by 38.5%, and WG (MNA 15.42/h) by 66.7%. Also, there was a significant difference between seasons (W = 982.5, p-value < 0.001) and the density was higher during the dry season, MNA 40/h as compared to the wet season, MNA 16/h. In the Maize, two density peaks were observed, the first one in June 2020, and the second in May 2021(Figure 2). Nevertheless, an overall higher density of Mastomys natalensis was experienced in May and June 2020 compared to the entire 2021 and the months of 2022 (Figure 2). Apparently, short rains across the study period exhibited less influence on its density despite the heaviest downpour in November 2020 (Figure 2).
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Habitat types and trapping months showed varied influences on the density of M. natalensis (Table 1). Whereas Maize exhibited a significant positive influence, WG showed a negative significant effect (Table 1). Concerning the effect of the trapping months on the abundance of M.natalensis, months of May through September (all of them but May, falling in the dry season) showed a significant positive effect as contrasted to the months of January and February (all falling in a wet season) that had significant negative influence to the animal’s abundance (Table 1). Further, predicted density values of M.natalensis showed a low association with months falling in the wet season, January and February. However, the abundance increases reasonably in the last moth of the long rainy season (May 2020)  and reaches peak during the early part of the dry season (in June 2020), but declines drastically in the short rainy season (October to December 2020) 
(Figure 3a). Also, the predicted density values indicate varying associations with the habitat types. It seems to be associated mostly with Maize while it is least associated with the WG (Figure 3b).  
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                Coefficients:                 Estimate            Std. Error       z value      Pr(>|z|)                                                                  
	(Intercept)   
	2.359e+00
	 ±3.394e-01
	 6.950 
	3.65e-12 ***

	HabitatsMaize  
	6.092e-01
	 ±1.692e-01 
	 3.600
	 0.000 ***

	HabitatsWG 
	-2.479e-01
	±1.788e-01 
	-1.387 
	0.000 ***

	MonthsApr-21 
	3.617e-02
	 ±4.568e-01
	-1.387
	0.167  

	MonthsAug-20 
	9.728e-01
	±4.381e-01 
	 2.220 
	0.026 * 

	MonthsAug-21
	-1.783e-02
	±4.584e-01
	 -0.039
	0.970 

	MonthsDec-20 
	-3.323e-01
	±4.698e-01 
	 -0.707  
	0.480

	MonthsDec-21
	-7.089e-01
	±4.881e-01
	 -1.452  
	0.146    

	MonthsFeb-21 
	-1.195e+00
	 ±5.223e-01 
	 -2.288
	0.022 *

	MonthsFeb-22
	-1.455e+00
	±5.469e-01 
	-2.660
	0.009 **

	MonthsJan-21
	-7.850e-01
	±4.926e-01 
	-1.594
	0.111 

	MonthsJan-22
	-1.019e+00
	± 5.084e-01 
	-2.005 
	0.045 *

	MonthsJul-20 
	8.984e-01
	±4.391e-01
	 2.046
	0.041 *

	MonthsJul-21
	4.566e-02
	 ±4.565e-01
	  0.100
	0.920  

	MonthsJun-20 
	1.205e+00
	±4.355e-01
	 2.767
	0.006 ** 

	MonthsJun-21
	3.928e-01
	 ±4.477e-01
	 0.877
	0.380 

	MonthsMar-22
	-3.527e+01
	±4.477e+06
	  0.000
	10.00

	MonthsMay-20 
	8.724e-01
	±4.394e-01 
	1.985  
	0.047 * 

	MonthsMay-21
	4.300e-01
	±4.470e-01
	 0.962
	0.336  

	MonthsNov-20
	-1.147e-01
	 ±4.616e-01
	-0.248 
	0.804 

	MonthsNov-21
	-8.073e-01
	±4.940e-01
	 -1.634
	0.102

	MonthsOct-20 
	2.544e-01
	±4.509e-01
	 0.564
	0.573 

	MonthsOct-21
	-8.078e-01
	 ±4.940e-01
	 -1.635
	0.102 

	MonthsSep-20
	1.061e+00
	±4.371e-01
	 2.426  
	0.015 * 

	MonthsSep-21 
	-1.245e-01
	±4.619e-01
	-0.270
	0.787


   Signif. codes:      0  ‘       ***’        0.001 ‘**’     0.01    ‘*’ 0.05 ‘.’ 0.1         ‘ ’ 1
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[bookmark: _Toc152190071][bookmark: _Toc152343862][bookmark: _Toc166159633][bookmark: _Toc166161580][bookmark: _Toc166161676][bookmark: _Toc166162744][bookmark: _Toc166162897][bookmark: _Toc166163593]Figure 3:  Upper plot (a) shows predicted values of M.natalensis densities (MNA/h) from January (1) to December (12). The lower plot (b) indicates predicted M.natalensis densities in each of the three habitat types (Fallow, Maize and WG). In all figures predicted MNA/h are for all months, both dry and wet seasons, for pooled data for January to December for all trapping years




[bookmark: _Toc166159634][bookmark: _Toc166160562][bookmark: _Toc166161581][bookmark: _Toc166161677][bookmark: _Toc166162556][bookmark: _Toc166162745][bookmark: _Toc166162898][bookmark: _Toc166163594]3.3   Breeding patterns, relationship between rainfall and breeding patterns and the effect of habitat types and rainfall on the number of breeding females
Sexually active females dominated the Maize crop fields in both dry (W = 41, p-value = 0.001) and wet seasons (W = 158.5, p-value = 0.003), but dominated the WG (W= 158, p-value = 0.002) and Fallow (W = 140, p-value = 0.025) as compared to the non-sexually active only during the wet season. On the contrary, non-sexually active females were more abundant than the sexually active ones in the Fallow than the other two habitat types during the dry season (W = 46.5, p-value = 0.014).  Basically, there was no statistical difference in the abundance of the sexually active females in different habitats (Χ2 = 3.5198, df = 2, pvalue = 0.172 ) and during different seasons (W = 584, p-value = 0.472). However, predicted values of sexually active females showed more association with Fallow, followed by Maize and lastly by WG (Figure 4) and also, there were fluctuations of the same in relation to rainfall patterns (Figure 5). Nevertheless, their abundance reached highest peak in the Maize after the long rainy season, June 2020 while abundance of females of both statuses remained below average both in the WG and in the Fallow (Figure 5). 

Furthermore, whereas, spearman’s rank correlation between numbers of breeding females and monthly rainfall revealed a weak negative non-significant correlation (r(67) = -0.09, p = 0.446), the generalized linear model test on the effect of habitat types and rainfall revealed varied effects on M.natalensis breeding pattern. Furthermore, although both Maize and WG habitats showed significant negative influences, their interactions revealed positive non-significant influences as contrasted from rainfall that had a non- significant negative influence (Table 2). Also, predicted numbers of actively breeding M.natalensis comparatively showed to be more associated with Fallow as compared to Maize and WG.
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	Coefficients:
	Estimates
	Std.Error
	zvalue
	
Pr(>|z|)    

	(Intercept)           
	2.740992
	±0.3312733
	8.274
	< 0.001 ***

	HabitatsMaize  
	-0.841417
	±0.4746093
	-1.773
	< 0.001.

	HabitatsWG  
	-0.000847
	±0.4815767
	-2.93
	0.003 ** 

	Rainfall   
	-0.000847
	±0.0047247
	-0.179
	0.858

	HabitatsMaize:Rainfall      
	 0.000791
	±0.0067636
	0.117
	0.907

	HabitatsWG:Rainfall      
	 0.004667
	±0.0067876
	0.688
	0.492


   Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1		
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Figure 4:  	Predicted numbers of active breeding females in the three habitat types (Fallow, Maize and WG) for all months (both dry and wet seasons) for pooled data for January to December for all trapping years
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[bookmark: _Toc152343866][bookmark: _Toc166159636][bookmark: _Toc166161584][bookmark: _Toc166161680][bookmark: _Toc166162748][bookmark: _Toc166162901][bookmark: _Toc166163597]Figure 5: Fluctuations in number of breeding (active) and non- breeding (non-active) female Mastomys natalensis in different months, habitat types in relation to rainfall patterns 
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Further, the abundance (total number) of female Mastomys natalensis varied significantly across the three habitats (Figure 6; Χ2 = 6.778, df = 2, p = 0.034) without significant variation between seasons (W = 787.5, p = 0.117). According to the post-hoc test performed using a Wilcoxon test, the difference existed between WG and Fallow (p= 0.03) throughout the trapping period and their abundance was noted to peak differently in different months. For example, the population exhibited main peaks (higher population size in each habitat) and secondary 
peaks (high population size in each habitat but comparatively less than the main ones)  in the Maize in June 2020 and in May 2021, but peaked in the WG and Fallow later on in August/September 2020 (Figure 6). 
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The population density of Mastomys natalensis varied between habitats and seasons. The highest density occurred in the maize crop fields, and that was attributed to the higher availability of food resources most time of the year than in the fallow land and the wooded grassland (Rwebuga et al., 2023), which could have favoured its higher proliferation. According to studies conducted in different parts of eastern and southern Africa, variation in abundance of M. natalensis due to difference in habitat quality among other factors is a common phenomenon (Agerie and  Afework, 2015; Leirs, 1995; Leirs et al., 
1996b; Makundi et al., 2006; Mulungu et al., 2013a). This is because status of the resources being offered by a habitat, enables some species to flourish well compared to others (Brown 1984; Brown et al., 1996; Chimimba et al., 2004; Mulungu et al., 2013). Such habitat effect ascertains that abundance of M. natalensis may be patchy, with large numbers occurring in quality habitats while other nearby habitats may still maintain no/or less individuals (Mdangi et al., 2013). This phenomenon probably could explain the presence of least abundance of M. natalensis in the wooded grassland compared to other habitat types. For example, (Leirs, 1995) found 85% of the captured small mammals in farmland and fallow areas in Morogoro, Tanzania  to be M. natalensis while in natural miombo woodland and moist grassland 50 km away, the species comprised only 27% of the trapped small mammals in a community of 17 species.  On the other hand, our findings are partially different from other investigators elsewhere, for example, (Mulungu et al., 2013) recorded higher population density of the species in fallow land, which in the current study ranked second. Their results from irrigated rice fields were associated with the species nesting and commuting behaviour (Ylonen and Singleton, 2002), the consequential effect being the probable reason for its substantial numbers of individuals trapped in the fallow land before reaching their destination i.e., the rice fields (Monadjem and Perrin, 1998) . 

The two density peaks of Mastomys natalensis population in the maize crop fields in June 2020 and in May 2021, and overall higher density during the dry than wet season were linked to rainfall pattern. According to Leirs (1995) , the species breeds during the long rains and generally starts one month after the usual peak rainfall (March/April), and continues to end of the dry season (September), substantiating the influence of rainfall under a bimodal rainfall pattern (Leirs, 1995; Leirs    et al., 1989; Linn, 1991; Telford, 1989). Therefore, the consequent high population observed in the dry season during the present study is a 
result of high breeding activity in the long wet season (Christensen, 1993; Leirs et al., 1990). Whereas, maize crop fields exhibited a significant positive influence on the abundance of M.natalensis, the wooded grassland habitat showed a high significant negative effect as this habitat floods easily because it is more bowl shaped, and stays with water for comparatively longer periods (Rwebuga et al., 2023). 

Less effect of the short rainy season observed in this study aligns with results by (Brown et al., 1996) at the inner delta of the Niger River in Mali, who reported low survival rates of Mastomys huberti due to deaths resulting from flooding of burrows caused by the substantial precipitation of the short rainy season from mid-November to early March. Farmers in our study area also reported about noticing dead individuals of different rodent species during farm preparations in November (short rainy season) for the first sowing season. The flooding effect was also reflected by the generalized linear model results in this study. This phenomenon, could further be explained by the fact that trapping months of January, February and March, occasionally having long standing water, depending on previous years’ amount of rainfall, had significant negative effect on the abundance of the mammalian species. This went in line with its predicted density values that seem to be low in months of January and February, but increasing from April/May reaching peak in June, after which it falls a little in July, and then levels off to September, followed by a linear decline in the months of the short rainy season, October/November to December.

Following establishment of breeding pattern through determining the number of sexually/reproductively active and non-sexually active females in different habitats and months, sexually active females were found to dominate in the maize crop fields in both dry and wet seasons. The pattern suggests that, comparatively, breeding occurred more in the maize crop fields as compared to other habitats, although it was 
continuous throughout the year in all habitats as contrasted to (Leirs et al.,1996b) who reported breeding of M.natalensis to be seasonal. However, only a small proportion of the animals were observed to be actively breeding in some months in both seasons. Also, the breeding females could not be noticed completely in the months when there were zero captures. Our findings are in line with (Mulungu et al., 2013) who observed less breeding females of M. natalensis during the months of August to October compared to other months whereby high peaks of breeding females were observed in the months of June (early dry season) and December (short rainy season). 

The observed pattern corresponded to the maturity and harvesting of rice crop in their study area (Mulungu et al., 2013). Less or lack of captured individuals during the wet season was also reported by (Granjon et al., 2005) who suggested it to be linked to low survival due to flooding of the small mammals’ nests. Furthermore, low survival effect due to flooding in our study area, could also be explained by spearman’s rank correlation results between numbers of breeding females and monthly rainfall, which revealed a weak negative but non-significant correlation. Also, generalized linear model results revealed that both maize crop fields and wooded grassland habitats and rainfall had negative influences on the numbers of breeding females as contrasted to their interactions, which revealed positive but non-significant influences and hence modifying the influence of the main effects. 

The continuous breeding of M.natalensis during dry season, low though could be attributed to availability of food resources as was pointed out by Skoglund (1992) that seed bank reaching up to 21, 000 seeds m2 is available in the Serengeti ecosystem, which rodents can easily get access to especially during the dry season. Also, availability of after-harvest maize cobs and later access to seeds sown in the maize crop fields during the minor cropping season starting in September/October 
depending on the availability of precipitation is another source of food supporting some reproduction activity. 

Further, the pattern for the wooded grassland, fallow land and maize crop fields in relation to quality food availability (Rwebuga et al., 2023), which in turn is linked to rainfall pattern (Christensen, 1993; Leirs et al., 1990), probably justifies higher abundance of sexually active females in maize crop fields in both dry  and wet season. But in turn, became dominant in the wooded grassland and fallow land, as compared to the non-sexually active ones, during the wet season. Generally, however, predicted numbers of active females seem to be more associated with fallow land compared to other habitat types probably due to its closeness to crop fields and the type of vegetation and cover it provides to the rodent species (Mayamba et al., 2019). Moreover, throughout the trapping period in all three habitats, the total number of females peaked during the dry season between May and October 2020. Regarding individual habitats, highest and secondary peaks were recorded in the maize crop fields in June 2020 and May 2021, respectively whereas wooded grassland and fallow land peaked in August/September 2020. The pattern is probably due to that May to October covers the period in which seeds/cereals are plentiful in each of the experimental habitat as reported in (Mulungu et al., 2013b). 
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[bookmark: _Hlk164023780]Based on results of the study, the population density of Mastomys natalensis fluctuated across months of trapping and between habitats. Numerically, abundance of M. natalensis was higher in the Maize crop fields compared to other habitats. Despite the continuous breeding of the species in the Maize crop fields, the density was higher in the dry season compared to the first wet season (basically from October to January), a period that coincided with the short rains. Hence, population control could be more impactful during this time when populations are low to allow farmers to maximize maize crop production. Also, future studies should try to find out why M. natalensis density declines during a period expected to have sufficient supply of food resources in these areas.
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During the twelve-month period of study, eight species of rodents and one insectivore species were recorded from the wooded grassland, maize crop fields and fallow land habitat types. Hence, our study area, comparatively, seems to be a good representative of the great Serengeti ecosystem,which forms a part,  in terms of species richness as it only covers less than 0.5% of the  whole ecosystem size (Keesing, 2000; TAWA, 2018) and still we came up with such a number of the small mammal species. This is in line with the non-assymptotic accumulation curves in all habitats in the present study, suggesting that, more effort could have led to capture of more species. Mostly, rodent species could have been obtained in the wooded grassland, followed by fallow land and lastly in the maize crop fields. 

The combined data records over the period of 48-years (from 1962 to 2010) for  the great Serengeti ecosystem (GSE), which our study area forms  a  part, revealed about 40 species of small mammals (Kingdon et al., 2013). According to Byrom et al.(2015), the reported findings for the ecosystem were a result of studies conducted in ten different habitats, using different combined trapping techniques, and trapping for three to ten nights a month. Similarly, a study in Wisconsin, USA by Stephens and Anderson (2014) on habitat associations and assemblages of small mammalian species in natural plant communities found that Sherman live traps and pitfall traps combined captured significantly more species than either trap type used independently. Therefore, the small number of rodent species reported by the present sudy was probably due to use of a single trapping technique (i.e. 
Capture-Mark-Release), whereby only one trap was used per trap station in each of the three habitats types for only three trapping nights a month. Our results matches well with results of another study elsewhere in Tanzania, where a single type of live capture traps was employed, hence only four to nine species of small mammals obtained (Makundi et al., 2010).. 

Basically, our study area is a system that contains many rare species (Kingdon et al., 2013), so this could also contribute to less number of species recorded during the current study. Apparently, four of the nine species encountered were very rarely caught between one or two habitat types. These were: Saccostomus compestris, Acomys wilson, Mus minotoides and Rattus rattus. Same species were reported to be rare in the previous long-term studies, suggesting their patchy and localized distribution (Kingdon et al., 2013)  

Spatial variations in the small mammal species composition was observed during the study with Mastomys natalesis having highest species composition in maize crop fields, followed by fallow land and lastly by the wooded grassland habitat type. These results are similar to findings by Kessy et al. (2023) who reported dominance of M.natalensis in various habitat types and seasons. This is, probably, conforming to the hypothesis that multimammate mice are able to survive in a wide range of environmental conditions, and are often the most numerous mice in savanna habitats and agricultural fields (Kingdon et al., 2013).  

Species richness also varied spatially with highest richness occurring in the wooded grassland, but lowest in maize crop fields. Generally, richness was higher in months that fall in the rainy season, suggesting rodents’ response to the availability of food and vegetation cover as it was reported in the previous studies (Makundi et al., 2010) . On the other hand, drier months had reduced small mammal richness, similar to findings that were reported in Ethiopia by Cao et al. (2016), probably because of decreased cover and limited heterogeneity in available food 
items (Attuquayefio et al., 2013). Further, the small mammal species diversity was spatially highest in fallow land and lowest in maize crop fields while temporally, diversity was higher in the wooded grassland and fallow land in the wet season, but higher in the maize crop fields during the dry season. The results are in agreement with Chidodo et al. (2020), who reported that habitat characteristics influence the diversity of rodents. Some habitats may offer more vegetation as a source of  food, and shelter for breeding as well as protection of the rodents from possible predation (Shilereyo et al., 2020).
 
Since M. natalesis was a dominant species, several ecological aspects about it were investigated. It was found out that age structure of the species varied among adults, subadults and juveniles. In that case, there was a statistical difference in the numbers of adults, subadults and juveniles of M. natalensis between different habitat types similar to results reported by Shilereyo et al.( 2020).  In the month of September, there were more adults, subadults and juveniles in the wooded grassland habitat types than in other months as was reported by Attuquayefio et al. (2013). This probably is because it is a peak of breeding for most individuals and is far more pronounced in the wooded grassland than in other habitats as the compensation for deaths of rodent individuals that had died during the rainy season. Most part of our study area fall in a low land, which comparatively floods easily,  leading to more deaths of rodents as was observed by Jacob (2003). In maize crop fields there were more numbers of adults during the months of May 2020, June 2020 and July 2020. Similar results were observed by Attuquayefio et al. (2013). This suggests that higher numbers of adults are often caught more than juveniles and subadults as age tends to affect trappability depending on the rodent’s prior experience and social rank (Golley et al., 2009). Normally, juveniles do not move far from their nests, hence decreasing their probability of encountering traps (Golley et al., 2009).






The sex ratio of M.natalensis was found biased towards males in the wooded grassland habitat types for seven months: April 2020, June 2020, September 2020, October 2020, December 2020, January 2021 and March 2021. The same phenomenon was found in fallow land for three months: April 2020, July 2020 and December 2020 whereas in the maize crop fields, the bias was for five months: April 2020, May 2020, September 2020, January 2021 and March 2021. However, the sex ratio bias of M. natalensis shifted towards females for four months in each habitat type. In the wooded grassland, it was in May 2020, August 2020, November 2020 and February 2021 whereas in fallow land it  was in May 2020, June 2020, August 2020 and October 2020; and June 2020, July 2020, August 2020 and November 2020 in the maze crop fields. The months were distributed into different seasons. April 2020, May 2020, December 2020, January 2021, February 2021, March 2021 and November 2020 fall in the wet season while June 2020, July 2020, August 2020, September 2020 and October 2020 fall in the dry season (Norton-Griffiths et al., 1975; Ritchie, 2008). These results are in line with findings by other investigators. For example, Mlyashimbi et al. (2019) reported more males of M. natalensis compared to females during the dry season and attributed this to factors like the search for food and mates or individuals which were just on transit as males of this species are known for exhibiting larger home ranges. On the other hand, Wolf and Batli (2002) reported differential capture between male and female sexes of rodent species simply because of varying conditions of traps used (i.e. clean or dirty). Further, Namukonde (2017) and Babale et al. (2018) observed differences in the capture of female and male rodents resulting from environmental factors such as fire and vegetation types that determined the presence or absence of a rodent of a given sex in a certain locality and time.

Generally speaking, abundance of the rodent species was found to vary between habitat types and seasons. The highest density occurred in the maize crop fields, and that probably  attributed to the higher availability 
of food resources most time of the year than in the fallow land and the wooded grassland (Rwebuga et al., 2023), which could have favoured its higher proliferation. According to studies conducted in different parts of eastern and southern Africa, variation in abundance of M. natalensis due to difference in habitat quality among other factors is a common phenomenon (Agerie and Afework, 2015; Leirs, 1995; Leirs et al., 1996; Makundi et al., 2006  & Mulungu et al., 2013). This is because status of the resources being offered by a habitat, enables some species to flourish well compared to others (Chimimba et al., 2004). Such habitat effect ascertains that abundance of M. natalensis may be patchy, with large numbers occurring in quality habitats while other nearby habitats may still maintain no/or less individuals (Mdangi et al., 2013). This phenomenon probably could explain the presence of least abundance of M. natalensis in the wooded grassland compared to other habitat types. For example, Leirs (1995) found 85% of the captured small mammals in farmland and fallow areas in Morogoro, Tanzania to be M. natalensis while in natural miombo woodland and moist grassland 50 km away, the species comprised only 27% of the trapped small mammals in a community of 17 species.  On the other hand, our findings are partially different from other investigators elsewhere, for example, Mulungu (2013) recorded higher population density of the species in fallow land, which in the current study ranked second. Their results from irrigated rice fields were associated with the species nesting and commuting behaviour and hence  the consequential effect being the probable reason for its substantial number of individuals trapped in the fallow land before reaching their destination i.e., the rice fields (Monadjem & Perrin, 1998). 

However, density of the rodent fluctuated spatially and temporally. There were two density peaks of M. natalensis density in the maize crop fields in June 2020 and in May 2021, and overall higher density during the dry than wet season, which seem to have been linked to rainfall pattern. According to Leirs (1995), the species breeds during the long 
rains and generally starts one month after the usual peak rainfall (March/April), and continues to end of the dry season (September), substantiating the influence of rainfall under a bimodal rainfall pattern (Leirs et al., 1989; Leirs, 1995; Linn, 1991; Telford, 1989). Therefore, the consequent high population observed in the dry season during the present study is a result of high breeding activity in the long wet season (Christensen, 1993; Leirs et al., 1990). Whereas maize crop fields exhibited a significant positive influence on the abundance of M.natalensis, the wooded grassland habitat showed a high significant negative effect as this habitat floods easily because it is more bowl shaped, and stays with water for comparatively longer periods (Rwebuga et al., 2023). Also, farmers in our study area reported about noticing dead individuals of different rodent species during farm preparations in November (short rainy season) for the first sowing season. The flooding effect was also reflected by the generalized linear model results in this study. This phenomenon could further be explained by the fact that trapping months of January, February and March, occasionally having long standing water, depending on previous years’ amount of rainfall, had significant negative effect on the abundance of the mammalian species. This went in line with its predicted density values that seem to be low in months of January and February, but increasing from April/May reaching peak in June, after which it falls a little in July, and then levels off to September, followed by a linear decline in the months of the short rainy season, October/November to December.

In addition to this, sexually active females were found to dominate in the maize crop fields in both dry and wet seasons. The pattern suggests that, comparatively, breeding occurred more in the maize crop fields as compared to other habitat types, although it was continuous throughout the year in all habitat types as contrasted to Leirs et al. (1996) who reported breeding of M.natalensis to be seasonal. However, only a small proportion of the animals were observed to be actively breeding in some months in both seasons. Also, the breeding females could not be 
noticed completely in some months including the ones which had zero captures. These findings are in line with Mulungu et al. (2013) who observed less breeding females of M. natalensis during the months of August to October compared to other months whereby high peaks of breeding females were observed in the months of June (early dry season) and December (short rainy season). 

The observed pattern corresponded to the maturity and harvesting of rice crop in their study area (Mulungu et al., 2013). Less or lack of captured individuals during the wet season was also reported by Granjon et al. (2005) who suggested it to be linked to low survival due to flooding of the small mammals’ nests. Furthermore, low survival effect due to flooding in our study area, could also be explained by spearman’s rank correlation results between numbers of breeding females and monthly rainfall, which revealed a weak negative and non-significant correlation. Also, generalized linear model results revealed that both maize crop fields and wooded grassland habitat types and rainfall had negative influences on the numbers of breeding females as contrasted to their interactions, which revealed positive, but non-significant influences. 

The continuous breeding of M.natalensis during dry season, could be attributed to availability of food resources as was pointed out by Skoglund (1992), that seed bank reaching up to 21, 000 seeds m-2 is available in the Serengeti ecosystem, which rodents can easily get access to especially during the dry season. Also, availability of after-harvest maize cobs and later on access to seeds sown in the maize crop fields during the minor cropping season starting in September/October depending on the availability of precipitation is another source of food supporting some reproduction activity. 

Further, the pattern for the wooded grassland, fallow land and maize crop fields in relation to quality food availability (Rwebuga et al., 2023), 
which in turn is linked to rainfall pattern (Christensen, 1993 ; Leirs et al., 1990), probably justifies higher abundance of sexually active females in maize crop fields in both dry and wet seasons. Generally, however, predicted numbers of active females seemed to be more associated with fallow land compared to other habitat types, probably due to its closeness to crop fields and the type of vegetation and cover it provides to the rodent species (Mayamba et al., 2019 ; Mulungu et al., 2013). Moreover, throughout the trapping period in all three habitats, the total number of females peaked during the dry season between May and October 2020. Regarding individual habitats, highest and secondary peaks were recorded in the maize crop fields in June 2020 and May 2021, respectively whereas wooded grassland and fallow land peaked in August/September 2020. The pattern is probably due to that May to October covers the period in which seeds/cereals are plentiful in each of the experimental habitat as reported in Mulungu et al. (2013). 

In order to gain more knowledge on factors influencing M.natalensis population size, various ecological correlates on its abundance were studied. The findings revealed a positive association between abundance of M. natalensis and sandy-clay-loam soils, similar to Massawe et al. (2008). In another study, Odhiambo et al. (2005) and Massawe et al. (2008) had associated abundance of rodents in soils of different textures and moisture content with the suitability of the soils for creating nesting places. Their view was based on the understanding that soil texture influences properties such as drainage, moisture-holding capacity and rates of water infiltration and weather in rodent holes (Marina and Zubaid, 2015). As such, soils containing loamy texture have low water holding capacity  (Hodnett and  Tomasella, 2002), which keeps burrow holes dry most of the time hence more stable and stronger (Laundre and Reynolds, 1993). In this study, large part of trapping sites had a sandy-clay texture, suggesting unsuitability for rodent burrowing and nesting particularly during the rainy season. This explains the negative association that was noticed between 
abundance of the species and sandy-clay soils, results that are in line with Massawe et al (2008), who reported low abundances of rodents in the sandy-clay soils especially during the wet season. Also, it was found out that, plant species richness had negative association with the abundance of M.natalensis. A comparatively far more numbers of M.natalensis were found in mono-cropped maize fields, which are cleared of all other vegetation types except the maize crop plant, yet, like other cereal crops attract pestiferous rodent species like M.natalensis (Shenkut, 2006). Our results were similar to those reported by Makundi et al. (2007) who found higher densities of the species in areas cleared for agriculture at even much higher elevation of the Usambara Mountains, Tanzania. 

Since it has been reported by many scholars that M. natalensis dominates over other species where it occurs (Kingdon, 2013), and also that M. natalensis is highly attracted to agricultural fields (Rwebuga et al., 2023), an investigation on it dietary patterns was conducted. Findings indicated that the rodent species is a generalist feeder, which mostly consumes invertebrates, plant materials and seed/grains dietary categories at equal or deferring rates in different habitats and seasons. Whereas the small mammal species food diversity varied between habitats and seasons, the dietary composition seasonal overlap showed a higher index value. On the other hand, the influence of habitat and on food categories was observed on the vegetative plant material food category, but not on seeds/grains and invertebrates’ categories. These results are similar to findings by various other investigators. For example, Delany (1964) found that invertebrate remains in 23 out of 25 stomachs from Uganda. Probably, this is because during the wet season invertebrates are present in higher abundance as it was declared by Lack (1986) that in the tropics, invertebrates are much more abundant in the wet season than in the dry season. Or probably, some portion of the invertebrates found in the M.natalensis stomachs 
were either incidental ectoparasites ingested during grooming and sedentary invertebrates ingested on plant parts  (Wolf'f' & Hurlbutt, 1982) or just the rodent’s endoparasites (Mohtasebi et al., 2021). 

During the dry season, vegetative plant materials were numerically more eaten in the maize crop fields and fallow land, followed by seed/grains in maize crop fields and lastly by invertebrates in wooded grassland. To the large extent, this was contrary to findings from other studies.  For example, Mulungu et al. (2011) found seeds/grains to be dominating the M. natalensis food categories in Tanzania and Botswana during the dry season. Although   Lack (1986) reported that when seeds and invertebrates become scarce, particularly during the dry season, this species turns to less nutritious vegetative plant materials, such as leaves and stems. However, in the study area during the months of June, July, August, there are still harvestable maize cobs in the farms. According to their cropping calendar, it is maize harvesting time. Hence, that was expected to be large seed resource base in maize crop farms during these months. In addition to availability of maize grains, there are also some other matured food sorces like legumes (Leguminosae), millet (Sorghum sp) sweet potatoes (Ipomea sp) and cotton (Gossypium sp) seeds, which are either intercropped with maize or are in close small farms. But yet vegetative plant materials were still most important food category in the stomachs of M. natalensis.  This  could be explained by the fact that Kijereshi Game Reserve and most of its surroundings are wet in the most part of the year  (Thirgood et al., 2004;Norton-Griffiths et al., 1975) hence fresh grasses available due to some germinating  monocotyledonous  seeds, which attract M. natalensis (Randolph,1991). Or probably because this species is r-selected (Leirs, 1995) and it normally ingests fresh grass leaves that contain 6-Methoxy-2-benzoxazolinone (6-MBOA), compound which acts as a predictor for the onset of reproduction in most mammals including rodents (Neal, 1996).






No significant difference in rodent food categories both between habitats and seasons was detected. These findings are similar to other studies e.g., Leirs and Verheyen (1995) and Odhiambo et al. (2008).  Mulungu et al. (2014) when investigating food preferences of M. natalensis, within irrigated rice and fallow field habitats found no significant differences in the proportion of the different stomach components of rodents captured across the two habitats and seasons. Probably this could be due to equal availability of food resources and states across both seasons and habitats.

During the wet season, invertebrates in the stomachs of M.natalensis were relatively equally important in wooded grassland and fallow land, but generally more important than plant materials and seeds/grains in all habitats. But in the dry season, the contents of the stomachs from maize crop fields and fallow land were relatively equally important, but more important than invertebrates and seeds/grains in all three habitats. The same results were obtained by Thomas et al. (2022), who recorded varied proportions and frequencies of rodent food categories in different habitat types and seasons  This probably might be due to some food items being rapidly digested and hence underestimated (Kronfield & Dayan, 1998) or that, resuts were overestimated in previous researches due to measuring consumption in terms of frequency of occurrence (Reynold & Abischer, 1991). 

Although more frequent consumption of a particular food does not necessarily reflect the importance of that food to the animal in terms of nutritional benefits (Roper and Mickeuicius, 1995), niche breadth variations were detected in two habitat types. In the wooded grassland the niche breadth was low during the wet season, but became high during the dry season. On the contrary, in the maize crop fields, the niche breadth was high during the wet season, but decreased during the dry season whereas, in the fallow land there was no niche breadth variation across both seasons. Niche breadth variations of M.natalensis 
was also reported by Mulungu et al. (2011). The concept of niche breadth underlies many hypotheses (Feinsinger et al., 1981). For example, the physical environment, resources availability, and competition are thought to affect the breadth of a population's niche, including diet over ecological or evolutionary time spans (Sih, 1977). A number of theoretical models of optimal foraging strategy have been proposed (Emlen, 1968; MacArthur & Pianka, 1966). For example, optimization of foraging model is generally based on maximizing energy gained per unit time spent during foraging. Approaches to the problem of diet selection have assumed that different kinds of food can be ranked  desirability, with those requiring the least amount of processing time (capturing, subduing, and consumption of the food) per nutritional gain being the most desirable (Ebersole & Wilson, 1980). This theory seems to concur with variation in niche breadth in the wooded grassland where it was low during the wet season, but increased during the dry season, meaning that some more food items were taken in also. Ebersole (1977) studied the foraging of captive Peromyscus crinitus and Peromyscus eremicus feeding on seeds. Both Peromyscus species responded to changes in food density as predicted by optimal foraging models, becoming less selective under lower food densities, which in the field is expected to happen during the dry season.   However, this hypothesis is contrary to what has happened in maize crops fields, where more food items were selected during the wet season when there is a lot of food resources, but  less selected during the dry season when the resources are scarce. This pattern  could be explained by the fact that Ebersole and Wilson (1980) observed a negative correlation between food density and diet diversity in P. eremiscus. Ebersole and Wilson (1980) ascertains that addition of food items of lower rank to the optimal diet is expected under conditions of relatively low overall food density, when the absolute reduction in average per item search time that results from the addition of a new food type is likely to exceed the absolute gain in per item processing time.  Therefore, it could be that a number of various food items were there, but in lower densities during 
the wet season as compared to the dry season. Optimal foraging theorists agree that as overall food density decreases, the diet of an optimally foraging animal should become more diverse through the inclusion of food items of lower desirability (Ebersole & Wilson, 1980). This phenomenon can further be explained by the fact that during the dry season there is a lot of produce harvest including maize crops, according to the farmers’ crop calendar in the study area. However, there was no variation in niche breadths in fallow land, may be this suggests a stable food resource supply during both wet season and dry season as was observed by Mulungu (2014). This discourse is being supported by the results of seasonal dietary overlap, which indicated a strong index value. 
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Spatial variations in the small mammal species richness and diversity were observed in the current study with fallow land displaying higher species richness and diversity as compared to wooded grassland and maize crop fields, hence suggesting that, currently, the disturbed areas surrounding the Kijeshi Game Reserve is more suitable habitats for conservation of the rodents’ gene pool.  Probably this is due to the fact the Game Reserve is still recovoring from human disturbance in the recent past. Hence, much effort is still needed within the protected Kijereshi Game Reserve that is intended to propagate and sustain higher species richness and diversity than the surrounding areas, through increasing higher habitat heterogeneity and suitability. These findings suggest also that within the protected area there are still some on-going human activities such as cattle grazing, fire wood and tree log collection which exert deleterious effects on some small-mammal species by reducing the suitability of their habitats, species richness and diversity. Therefore, such harmful human activities that have negative impacts on small mammal communities in the area need to be minimized. 






On the other hand, however, the current study showed that age structure of M. natalensis varied significantly in numbers of adults, subadults and juveniles between different habitat types and seasons. In the month of September, there were more adults, subadults and juveniles in the wooded grassland habitat than in other months suggesting that this is a peak of reproduction of this rodent species in this area. On the other hand, observation of the sex ratio of M.natalensis revealed a bias towards males in some months of the year before it shifted to the months of June, July, August, September, October and November probably suggesting that these are months when females are searching for food with needed quality for their pregnancies 

We also noted that, the population density of Mastomys natalensis fluctuated across months of trapping and habitats whereby, numerically, the M. natalensis abundance was higher in maize crop fields as compared to other habitat types. Generally, there was a significant difference in the rodent population density across habitats and between seasons although drop in densities was similar in all habitats. Densities dropped from higher ones during the dry season to lower ones during the wet season between November and February, although during this time there is much food available for rodents, probably these months are ideal for control of the rodent species because now their populations are low. Also, it could be a proper period for maximizing maize crop production. Further, our results showed that rodent density was strongly positively associated with active farmlands and sandy-clay-loam soils but negatively correlated with the plant richness but negatively associated with farms dominated by sandy-clay soils. Hence, proper classicification of soil types can give proper information on avoiding effects of the rodent pests, during selection of specific farming areas depending on the type of crop being considered.  Further more, investigation of  food categories of Mastomys natalensis in the Kijeshi-Game Reserve –Nyamikoma landscape revealed that, the rodent 
species is a generalist feeder which mostly consumes invertebrates, plant materials and seed/grains dietary categories at equal or deferring rates in different habitats and seasons.  However, its food diversities varied between habitats and seasons and the dietary composition seasonal overlap showed a higher index value. Hence, this information is an evidence that the rodent species can eat a number of food crops as a result causing varying economic loss to farmers.  
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Rodents are well known for their economic and social ecological importance to man and other species. But, while they provide food to other species including man, thus important in the food web in many ecosystems, they are known to cause damages to food crops. For example, periodic outbreaks of Mastomys spp. populations pose concern to humans due to their pest impacts, especially in sub-Saharan Africa, where food insecurity is threatening development of most rural human populations due to crop devastation by various crop pest species. Further, these rodent species harbour pathogens that cause zoonotic diseases, but also may carry internal/external parasites that could serve as vectors of diseases. Hence, strategies that will ensure safeguarding of human health, conservation of non-harmful rodent species and specifically, managing Mastomys spp, are needed in place. In this particular study, Mastomys natalensis was found to dominate spatially and temporally whereas the rare species were Acomys wilsoni, Mus minutoides and Rattus rattus, hence, the following recommendations are put forward:

i) 	More studies on rodent transmitted zoonotic diseases are still needed in villages and within the protected area in order to ensure good health status to the wildlife personnel, tourists and all the people engaged in the tourism industry within all protected areas in Tanzania:







ii) 	Further, rodent community ecology studies are needed in much bigger areas whereby mixed- trap techniques should be considered to improve capture success and richness. This information is very important in enabling ecologists, wildlife managers, agricultural extension officers and health personnel to be able to differentiate between pernicious and useful rodents;

iii) 	Management options of the pest rodent species should either be timed when rodent   species populations are low specifically in the second rainy season (November - February) to counteract potential population build up in subsequent season, which may result into substantial crop damages. Alternatively, routine management practices should be executed year around following cultural and/or contemporary guidelines;

iv) 	Proper training to farmers is needed before adopting certain pre-harvest and post-harvest rodent pest management options as they seem to be involving concepts that can be a challenge to farmers. In certain cases, management options may depend on crop type and stage of development. Effectiveness of given rodent control/management strategies engaged will require further evaluation in terms of economic applicability. The commonly used management options in Tanzania can broadly be grouped into two major groups as follows:

1) 	The non-lethal or preventive approaches, which involve habitat manipulation or cultural practices, exclusion/fencing and use of repellents. The environmental sanitation is done by farmers through slash and burning fields before sowing and harvesting as a way of displacing rodent population. However, sanitation is not significantly effective as most farmers practice it on small plots that are interspersed with patches of fallow and permanent grassland.  






2) 	The lethal approach, which involves killing of rodent using a number of techniques including trapping, chemical, toxicants and biological control (i.e. using predators). The major methods of achieving satisfactory mortalities are physical killing by trapping and rodenticides. However, killing with rodenticides during rainfall is compromised by water due to dissolving effect of the poison, hence loss of effectiveness and increased chances of poisoning non-targeted organisms. Also, in many cases, small scale farmers cannot afford to meet costs of rodenticides.
 
v) 	Long-term monitoring on rodent population ecology is important for giving an insight on the influence of climate change on rodent ecology in many areas of Tanzania.

vi) 	M. natalensis food categories were determined using microscope (25 x and 50 x magnification) as described by Smith et al. (2002) and this technique has certain limitations that some food items could not be identified. Hence, use of molecular methods in diet analysis would provide far more information needed for identification of specific species of food items eaten. Identification of species eaten is important as some other eaten organisms are a threat/competitor of grown crops. For example, rodents of the genus Chrotomys are known to eat the two species of the golden apple snails, Pomacea canaliculata and Pomacea maculate, which are highly invasive and cause damage to rice crops.

vii) 	Studies on community ecology of rodent species in other types of crops likes rice, cotton and potatoes are still required in our study area. 

viii) Also, future studies should try to find out why M. natalensis densities are declining during the months when food resource is plenty?.





x) 	Infertilization of field rodent pest may also be engaged in controlling field rodent pests. Previous studies  have demonstrated that low concentrations of the synthetic steroid hormones quinestrol (E, estrogen) and levonorgestrol (P, progesterone) delivered in combination (i.e. EP-1) can generate long-term (several weeks to months) contraceptive effects in many wild rodent species including  multi-mammate rats (Mastomys natalensis)  and black rat (Rattus rattus). Fertility control has an advantage, in that, it reduces reproductive output instead of culling, which creates vacant habitat that can be quickly re-colonised by new emigrant individuals. Hence, infertile individuals remain and reduce immigration of the fertile animals. However, fertility control approaches ideally require that the field application of an agent temporarily or permanently inhibits reproductive activity within a breeding season, primarily targets females, and is humane, environmentally safe, and cost effective.  
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Kuhusu Tasnifu Hii

Panya ni  muhimu kiikolojia kwani ni chakula kwa  wanyama wengine na pia binadamu. Hata hivyo, takribani asilimia 17 miongoni mwao husambaza maradhi na  kula mazao. Aghalabu, udhibiti wao umekuwa mgumu duniani kote,  kufuatia maarifa finyu juu ya biolojia, tabia na ikolojia yao na pia kutokuwapo na uwezekano wa mkakati mmoja  kukidhi matarajio ya kila mahali. Hivyo, tafiti mbili juu ya ikolojia ya panya zimefanyika ndani ya Pori la Akiba Kijereshi na  kijiji cha Nyamikoma jirani na Pori, Kaskazini Magharibi mwa Serengeti, ili kupata taarifa muhimu zitakazo saidia kuandaa mikakati  ya kuhifadhi na kudhibiti panya. Malengo ya tafiti ya kwanza, katika mazingira na majira tofauti, yalikuwa ni (i) kubaini mpangilio wa spishi za panya, umri na jinsia zao  (ii) kubaini  mabadiliko katika idadi na uzalianaji wa  panya  na (iii)  kubaini athari za kimazingira katika idadi ya panya. Lengo la tafiti ya pili ni kung’amua  mfumo wa ulaji na aina za vyakula vya panya. Matokeo ya tafiti  hizi yameonesha kuwa bioanuwai (diversity) ya panya ni kubwa zaidi nje ya pori kuliko ndani, hivyo hatua zaidi za kiuhifadhi zinapedendekezwa ndani ya Pori la Akiba Kijereshi na pia  udhibiti wa panya katika maeneo ya mashamba  ufanywe kati ya Novemba na January wakati idadi ya panya ni  ndogo ambacho pia ni kipindi muafaka cha kuwekeza zaidi katika kilimo cha mahindi kwani hatari ya kushambuliwa na panya ni ndogo. Pia tafiti zaidi zifanyike juu ya panya aina ya Mastomys natalensis ili kubaini kama anasambaza vimelea vya maradhi na pia kiasi cha hasara anachosababisha katika kilimo kwani ameonekana kwa idadi kubwa zaidi kulinganisha na aina zingine za panya. 
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ABSTRACT 


There is growing recognition of the negative 


impacts pest mammal species have on food 


security and the human health.  Strategies to 


reduce these impacts could benefit from 


results of association of population of the 


pests to ecological aspects. We assessed how 


environmental and habitat attributes were 


associated population abundance of 


Mastomys natelensis in a landscape 


interspaced with farmland and protected 


areas in Western Serengeti.  Rodents were 


trapped through Capture-Mark-Release 


method between April, 2020 and March, 


2021 and estimated density of M. natalensis 


using the Minimum Number of Animals 


Known to be Alive (MNA) method. We 


found density to be significantly higher 


during dry season and in active farmlands; 


Both active farmlands and areas with sandy-


clay-loam soils were strongly positively 


associated with higher abundance perhaps 


because of the increased species activity 


patterns during searching for food and 


favourable nesting soils thereby exposing the 


rodents to the traps. Also, the density tended 


to be significantly lower in areas with high 


plant species richness probably because M. 


natalensis is a pestrous species often in high 


abundance in areas cleared of vegetation for 


agricultural activities.  These results provide 


useful inputs towards control strategies to 


reduce impacts associated with these pests in 


the rural landscapes. 


Key words: Minimum number known alive - 


pest species - population abundance – 


rodents – Serengeti - soil texture. 


 


INTRODUCTION 


Most rodent species exhibit spatial and 


temporal fluctuations in numbers, attributed 


to ecological and environmental factors 


(Massawe et al. 2011). For example, when 


investigating the effects of land preparation 


methods and cropping systems on population 


abundance of the Multimmate rat Mastomys 


natalensis, Massawe and others (2005) found 


higher rodent population peaks in dense 


vegetation cover practiced with slash and 


burn relative to tractor ploughed fields. Also, 


when investigating the influence of soil type 


on population abundance of rodents in crop 


fields with attention to Mastomys natalensis, 


Massawe and others (2008) found higher 


abundance of the species in loam-textured 
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soils with a high percentage of sand, but 


lower abundance in the sandy–clay- soils. 


Moreover, a study on attributes for 


prediction of rodent burrows in the western 


Usambara Mountains exhibited 


comparatively more rodent burrows in hill-


shades and slopes in higher elevations 


(Meliyo et al. 2014) whereas rainfall has 


been found to have an indirect effect on 


abundance of rodents due to increased 


availability of food during the rainy season 


(Mayamba et al. 2020, Jordão et al. 2010). 


Empirically, the species inhabits diverse 


habitats from natural grassland, bushes, 


thickets to treed and disturbed areas 


including human settlements (Mulungu et al. 


2011), but absent in rainforest (Happold 


2013) hence one of the commonest species in 


savannah habitats with densities reaching up 


to 1000 rats/ha in disturbed areas (Happold 


2013).  


Further, rodents are well known for their 


economic and social ecological importance 


to man and other species. But, while they 


provide food to other species including man, 


thus important in the food web in many 


ecosystems (Fiedler 1990), they are known 


to cause damages to food crops (Milan 


1990), and are host of flea parasites that are 


vectors of diseases (Kilonzo et al. 1992). 


Also, some harbour bacteria that cause 


zoonotic diseases such as leptospirosis 


caused by Leptospira bacterium, and 


toxoplasmosis caused by Toxoplasma gondii 


(Machang’u et al. 1997). Consequently, 


periodic outbreaks of some rodent 


populations pose concern to humans due to 


their pest and health impacts. For example, 


population outbreak of M. natalensis has 


been associated with the increased food loss 


(up to 80%), therefore, posing food 


insecurity in rural areas of Tanzania (Mdangi 


2009). On the other hand, plague disease 


outbreak in some parts of Tanzania such as 


Iringa, Singida, Kondoa, Rombo, Hai, 


Arumeru, Mbulu and Same Districts has 


been a threat to public health (Kilonzo et al. 


2006). Understanding the factors that affect 


abundance of a rodent population is germane 


to the effective population management of 


species that are considered as serious pest. 


This is especially important in sub-Saharan 


Africa where food insecurity is threatening 


development of most rural human 


populations due to crop devastation by 


various crop pest species (Milan 1990). 


Regular and up to date monitoring of the 


rodent population trends is vital so as to 


predict when the rodent population outbreaks 


are likely to ensue, thereby enable relevant 


authorities to prepare with the potential 


control measures required in preventing their 


impacts.  Such monitoring information is 


missing in many parts of Tanzania including 


the western Serengeti ecosystem and 


surrounding villages posing risks of 


continued post-harvest and on-farm crop 


losses. 


This study, therefore, aimed at assessing 


abundance of M. natalensis and how its 


population is influenced by the local-scale 


vegetation and soil characteristics as the key 


habitat correlates that could be among the 


targets for rodent population control 


measures. We hypothesised that, the 


abundance of Mastomysis natalensis will be 


influenced by habitat type, vegetation ground 


cover, tree diameter at breast height (DBH), 


plant species richness, soil textures and 


seasonality. This information will be useful 


to the reserve management during 


preparation of the reserve ecological 


management plans. Also, it will be utilized 


during the development of pest control plan 


in the neighbouring villages as this species is 


a potential pre-harvest pest. 


 


MATERIALS AND METHODS 


Study area 


The study was conducted within Kijereshi 


Game Reserve and neighbouring village 


land in western Serengeti in Busega and 


Bariadi Districts. The game reserve covers 


65.7 km2 (Fig 1) and borders Serengeti 


National Park (SENAPA) on the northern 
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side, and is surrounded by six villages: 


Lukungu, Mwabayanda, Mwakiloba, 


Kijilishi, Senta and Nyamikoma. 


The study landscape receives an annual 


rainfall of about 750–850 mm (McSherry 


2015) characterized by bimodal rainfall 


pattern with short rains from November to 


January and long rains from March to May 


(Campbell and Hofer 1995). Further, the 


reserve is characterized of three vegetation 


types: the riverine forest (RRF-covering 


9.4% of the reserve area), grassland (GL-


25.1%) and wooded grassland (WG-65.5%) 


(Gunda 2020). For this study we used the 


WG found in Kijereshi Game Reserve, and 


the fallow land and maize crop fields 


randomly selected from Nyamikoma village 


with varying soil types of clay, sand and 


loamy (McSherry 2015). 


In the Nyamikoma village, the fallow lands 


surround cultivated fields, which during wet 


season, are planted with maize (Zea mays) 


intercropped with legumes (Leguminosae), 


sorghum (Sorghum bicolor) and sunflower 


(Halianthus spp.) (Egidius J. Rwebuga, pers. 


obs., 2020). There are two types of cropping 


seasons; the major season starting March to 


July and the minor season from 


September/October (depending on the 


commencement of short rainfall) to end of 


February before the start of long rains. 


Figure 1: Location of study sites within Kijereshi Game Reserve and Nyamikoma village that 


surround the western Serengeti ecosystem  


Data collection 


To address the research objectives, we 


applied several techniques. First, in order to 


understand the rodent abundance, we used 


the Capture-Mark-Recapture technique. The 


procedure involved placing three replicas of 


grids (70 x 70 m) in three different habitats; 


WG within Kijereshi Game Reserve, in the 


active Maize farmland and farm-fallow in 


the village land. The grids were spaced at a 


distance not less than 300 m from each other. 


This distance was deliberately made larger 


than the average known home range of the 


study species; 800 m2 (Monadjem and Perrin 


1998) to avoid potential double counting of 


individuals from any two adjacent trap 


stations. Each grid consisted of seven 


parallel lines spaced 10 m apart, with seven 


trapping stations per line also spaced 10 m 


apart, making a total of 49 trapping stations 







Tanzania Journal of Forestry and Nature Conservation, Vol 92, No. 1 (2023) pp 159-169 


162 


 


per grid (Leirs et al. 1996). Further, at each 


trapping station, one Sherman LFA live trap 


(H.B. Sherman Traps Inc., Tallahassee, FL, 


U. S.A) was positioned to trap rodents (Leirs 


et al. 1996). To improve catchability, the 


traps were baited with peanut butter mixed 


with maize flour as commonly used in 


similar studies (Mulungu et al. 2012).  


Rodents were trapped for three consecutive 


days each month for a 12-month period 


(April 2020 to March 2021). Throughout the 


trapping period, traps were checked twice a 


day, in early morning (between 06:00 and 


07:00 hours) and late afternoon (between 


17:00 and 18:00 hours) (Monadjem & Perrin 


1998). From each trap catch, we identified 


and recorded species name of the animals 


caught, body mass, sex, and reproductive 


status (this demographic information are not 


reported here). Species identification of the 


trapped individuals was done using field 


guides (Happold 2013).  When data 


recording was completed from any captured 


individual, one toe was clipped and the 


animal was released at the trapped site to 


facilitate monitoring of subsequent 


recaptured individuals (Mulungu et al 2005). 


A total of 441 (49 x 90) traps were used 


during the sampling period accounting to a 


total of 15867 trap nights. 


Second, to understand the role of habitat 


characteristics on the rodent abundance, 


several variables were recorded within a grid 


where rodent trapping occurred. We 


measured diameter at breast height-DBH, 


determined plant species richness and 


vegetation ground cover, within each grid by 


establishing five nested plots, one at each 


corner and the center of the grid, and DBH 


for trees and shrubs was determined using a 


diameter tape (Hays et al. 1981). Quadrats of 


1 m x 1 m were used for herbs and grasses 


while those of 10 m x 10 m were used for 


trees and shrubs (Hays et al. 1981). 


Determination of vegetation ground cover 


(i.e., the bird’s-eye view of how much 


ground is obscured by vegetation) was done 


visually (Kennedy & Addison 1987). 


Species identification of rodents and plants 


was done in the field by use of plant field 


guides and experts.  Furthermore, to 


understand how rodent abundance was 


related to the soil type and characteristics, 


we collected five soil core samples from 


each corner of the grid at a depth of 30 cm, 


packed in plastic bags (Massawe et al. 2008) 


and took them to the soil science laboratory 


at the Sokoine University of Agriculture for 


particle size analysis using the hydrometer 


method (Gee and Bauder 1986). Soil types 


were characterized using a soil texture 


triangle to determine the percentage of sand, 


silt and clay (Gee and Bauder 1986). Finally, 


we recorded season: wet (December to May) 


or dry (June to November) of each collected 


field data, to understand the effect of 


seasonality on the abundance of the rodent 


species. Seasons were defined as wet and dry 


periods. Thus, there was one wet and one dry 


period that had six trapping sessions each.  


The fieldwork was, without some limitations 


that are worthy pointing out in connection 


with the Capture -Mark–Recapture trapping 


technique, which engaged 70 m x 70 m grids 


using the Sharman live traps. The 


shortcoming of this technique is that traps set 


within home ranges of many individuals of 


rodents are likely to have higher capture rates 


compared to the ones outside the home 


ranges of these animals (Harkins et al. 2019). 


However, this effect was rectified by 


replicating our trapping grids three times and 


pooling the capture data before analysis. 


Also, a few traps were destroyed by animals 


or stollen particularly in the fallow land and 


crop fields, which could have interfered with 


the trapping probability of rodents. We 


therefore replaced any lost or destroyed trap 


any time this incidence was detected.  


Data Analysis 


Data were analyzed in several steps to 


address each objective of this study.  First, 


we used field collected abundance data to 


compute the density of the study species 


using the Minimum Number of Animals 
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Known to be Alive (MNA) for each hectare 


(i.e., surveyed rodent trapping grid), every 


month throughout the sampling period. 


MNA was computed by enumerating the 


number of individuals caught in a capture 


session, plus those that were not caught at 


that time, but were caught both previously 


and subsequently (Krebs 1966) as follows: 


MNA = Nu + Ns 


Where: 
MNA  = Minimum number of animals known to 


be alive during a particular period (i.e., 


month) in a given plot (i.e., 70 m x 70 m 


plot used in a Capture –Mark-Recapture 


technique); 


Nu  = Unique individuals captured in a 


particular capture session; 


Ns  = Number of individuals not caught at that 


particular time, but were caught previously 


and subsequently. 


Further, we investigated how the rodent 


density varied across the surveyed habitat 


types, sampling seasons and soil types using 


non-parametric tests as data failed a 


normality Shapiro–Wilk test at p > 0.05 test. 


Differences in rodent density between 


seasons were determined using Wilcox test, 


and between habitat types using Kruskall-


Wallis test (Mwasapi and Rija 2021).  


Second, to understand the effect the 


measured habitat characteristics haves on the 


rodent abundance, we built a negative 


binomial generalized linear model (GLM), 


implemented in the package MASS after 


detecting data over dispersion in the poison 


GLM. The binomial generalized linear 


model consisted of six independent variables 


(plant species richness, soil type, habitat 


type, DBH, ground cover and sampling 


season, all known to influence the biology of 


most rodent species elsewhere (Mwasapi 


and Rija 2021), and the rodent abundance as 


a dependent variable. To determine most 


influential explanatory variables in the 


model, we performed a backward stepwise 


single deletion of non-significant terms (Rija 


2022). Additionally, chi-square test was 


used at every step of removing non-


significant model terms, to examine the 


model significance (Kamil 2018). Hence 


only four variables that were found 


significant were considered for modeling (ie 


seasonality, soil class, plant species richness 


and habitat types).  Thereafter, prediction 


models were built using the predict function 


under the “ggplot2” package to examine the 


predictive power of each variable in the final 


GLM model.  


 


RESULTS 


Abundance of Mastomys natalensis in 


different habitats  


We found rodent density ranging from 


5.5±1.6/ha to 20.56±3.6/ha across various 


habitat characteristics (Table 1) with the 


Maize fields recording significantly higher 


mean density (20.56±3.6/ha) than all other 


habitat types (χ2= 79.393, df = 2, p < 0.001). 


Effect of habitat characteristics and 


seasonality on abundance of M. natalensis 


The density of M. natalensis was 


significantly influenced by the measured 


variables (Table 2) as it showed dissimilar 


responses to season, habitat type, soil 


structure and plant species richness. 


Examining abundance of the Mastomys 


natalensis, we found significantly higher 


density record for all habitats during the dry 


season than the wet season (W = 2159.5, p< 


0.001; Fig. 2a). Also, the species density 


positively and significantly associated with 


Maize habitat as compared to Fallow and 


WG habitats (Table 2; Fig. 2b) as well as 


sand-clay-loam soils, but decreased in sandy-


clay soils (Table 2; Fig. 2c). Furthermore, the 


M. natalensis density was positively and 


significantly associated with the dry season, 


but decreased in the wet season and with 


increasing plant species richness (Fig. 2 a & 


d). 
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Table 1: Summary of vegetation properties, soil texture classes (with associated mean % clay, 


mean % silt and % mean sand) and density of M. natalensis in different habitats.  


Habitat 


type 


Soil 


texture 


classes 


Mean % 


clay 


(±SDE) 


Mean % 


silt 


(±SDE) 


Mean % 


sand 


(±SDE) 


Mean plant 


species 


richness 


(±SDE) 


Mean 


DBH 


(±SDE) 


Mean 


vegetation 


ground cover 


(±SDE) 


Mean 


MNA/ha 


(±SDE) 


Fallow 
SCL 31.9±0.0 9.82±0.0 58.32±0.0 23.00±0.35 2.0±0.06 73.77±3.0 12.9±2.1 


SC 35.6±0.0 5.64±0.0 58.8±0.0 23.00±0.35 2.0±0.06 27.61±1.07 16.46±3.5 


WG 
SCL 15.9±0.0 8.86±0.0 75.32±0.0 25.92±1.28 1.99±0.27 27.61±1.07 5.5±1.6 


SC 35.6±0.0 11.6±0.0 52.80±0.0 25.92±1.28 1.99±0.27 27.61±1.07 5.58±1.3 


Maize SCL 26.9±02 7.4±0.2 66.65±0.4 22.00±0.14 0.83±0.11 24.44±2.02 20.56±3.6 


Fallow= fallow land, WG=wooded grassland, Maize=active maize crop fields, SCL= sandy-clay-loam soils, 


SC= sandy - clay soils 


Table 2: Effect of various ecological variables on abundance of Mastomys natalensis basing on the 


density (MNA/ha) as revealed in the final plausible GLM model. 


Model type Parameter Estimates +SE Z-value P (Z) 


MNA/ha 


Intercept 2.979 ± 0.206 14.481 0.000***  


Maize habitat 0.249 ± 0.200 2.268 0.023*   


WG habitat 0.701 ± 0.092 - 7.611 0.000 *** 


Wet season - 0.866 ± 0.071 -12.208 0.000 *** 


Sandy- clay-loam 0.280 ± 0.103 2.709 0.007 **  


Plant species richness - 0.038 ± 0.009 - 4.180 0.000***  


*, ** and *** indicate significant at p < 0.05, 0.01 and 0.001, respectively 


 


Figure 2: Effect of sampling season (a), habitat type (b), soil structures(c), and plant species 


richness (d) on the density (MNA/ha) of M. natalensis in the study areas. [Black dots (in d) 


represent raw data on plant species richness at each sampling point whereas the grey shade indicates 95% CI 


of the estimated mean effect size.] 
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Discussion 


Abundance of Mastomys natalensis varied 


across habitats, leading to highest density in 


the Maize field followed by fallow land, and 


least in the WG habitat. The results were 


attributed to more availability of food 


resources in the maize field before and after 


harvesting compared to fallow land and the 


wooded grassland, which may have 


enhanced their reproductive capacity thus the 


positive association between the species 


density and the Maize fields. The findings 


correspond with Makundi (1999) and 


Magige (2016) who also reported higher 


densities of the species in cultivated than in 


non-cultivated habitats. However, when 


investigating population dynamics and 


breeding patterns of M. natalensis in 


irrigated rice fields, Mulungu et al. (2013) 


had most individuals of the species captured 


in fallow land, which in the present study 


ranked second. According to Stuart and 


others (2012), rodent pests of rice tend to nest 


on field edges, rice bunds and in adjacent 


habitats rather than within the rice field itself, 


especially during flooded conditions. So, in 


avoiding the wet/dump soils, most rodents 


tend to be resting and feeding long distances 


away from their nest sites (Ylonen et al. 


2002), consequently getting trapped in 


surrounding areas, i.e., fallow lands, before 


they reach intended rice fields (Monadjem 


and Perrin 1998). 


Additionally, density of Mastomys 


natalensis varied between wet and dry 


seasons. In all three habitats, months of dry 


season experienced higher abundance than 


those of wet season. Large part of our study 


site is a low land, and becomes flooded 


during the wet season, probably contributing 


to the subsequent observed lower abundance. 


According to Jacob (2003), deaths of rodents 


due to flooding, and migration to other non-


flooded areas during the rainy season is a 


common experience, a phenomenon that 


underscore our results. The higher 


abundance of M. natalensis in the dry season 


reported by the current study is in agreement 


with the findings by Mulungu and others. 


(2013). Rodents breed during the long rains 


starting one month after the usual peak 


rainfall, lasting until the dry season, 


contributing to increase in numbers of the 


rodents (Leirs et al. 1996).  


Moreover, results regarding the positive 


association between abundance of M. 


natalensis and sandy-clay-loam soils are 


similar to Massawe and others (2008). 


Odhiambo (2005) and Massawe (2008) 


pointed out that abundance of rodents in soils 


of different textures and moisture content is 


associated with the suitability of the soils for 


creating nesting places since soil texture 


influences many properties including 


drainage, moisture-holding capacity and 


rates of water infiltration (Marina and Zubaid 


2015) and weather in rodent holes. As such, 


soils containing loamy texture has low water 


holding capacity (Hodnett and Tomasella 


2002), which keeps burrow holes dry most of 


the time hence more stable and stronger 


(Laundre and Reynolds 1993). Large part of 


our trapping sites had a sandy-clay texture, 


suggesting unsuitability for rodent 


burrowing and nesting particularly during 


the rainy season. This explains the negative 


association between abundance of the 


species and sandy-clay soils, results that are 


in line with Massawe and others (2008) who 


reported low abundances of rodents in the 


sandy-clay soils especially during the wet 


season  


However, according to our results, plant 


species richness showed negative association 


with the abundance of M.natalensis. A 


comparatively far more numbers of 


M.natalensis were found in mono-cropped 


maize fields, which are cleared of all other 


vegetation types except the maize crop plant, 


yet, like other cereal crops attract pestrous 


rodent species like M.natalensis (Shenkut 


2006). Our results were similar to those 


reported by Makundi and others (2007) who 


found higher densities of the species in areas 


cleared for agriculture at even much higher 
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elevation of the Usambara Mountains, 


Tanzania.  


CONCLUSION AND 


RECOMMENDATIONS 


Our results indicate that the rodent density 


varied between habitats and seasons. It 


ranged from 5.5±1.6/ha to 20.56±3.6/ha, and 


was significantly higher during the dry 


season and in active maize crop farmlands 


than in the wet season and protected areas 


(χ2= 79.393, df = 2, p < 0.001). Further, 


rodent density was strongly positively 


associated with active farmlands (p = 0.023) 


and sandy-clay-loam soils (p = 0.007) but 


negatively correlated with the plant richness 


(p < 0.0001). These results are useful for 


developing the potential strategies to 


reducing impacts associated with this rodent 


species in the rural landscapes. 


Since the target species exhibits seasonal 


variation in abundance in all three habitats 


especially in the maize crop fields, trapping 


to reduce its population especially when their 


densities are low and use of rodenticides 


could optimise prevention of the rodents’ 


outbreaks during farming season and hence 


leading to reduced maize crop loss in the 


fields.  
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soils with a high percentage of sand, but
lower abundance in the sandy—clay- soils.
Morcover, a sudy on afributes for
prediction of rodent burrows in the western
Usambara  Mountains  exhibited
comparafively more rodent burrows in hill-
shades and slopes in higher clevations
(Meliyo ef al. 2014) whereas rainfall has
been found to have an indirect effect on
abundance of rodents due fo increased
availability of food during the rainy season
(Mayamba ef al. 2020, Jordio et al. 2010)
Empirically, the species inhabits diverse
habitats from natral grassland, bushes,
thickets fo treed and disturbed arcas
including human seftlements (Mulungu ef .
2011), but absent in rainforest (Happold
2013) hence one of the commonest species in
savannah habitats with densities reaching up
o 1000 ats/ha in disturbed areas (Happold
2013).

Further, rodents are well known for their
economic and social ecological importance
to man and other species. But, while they
provide food to other species including man,
thus important in the food web in many
ecosystems (Fiedler 1990), they are known
fo cause damages to food crops (Milan
1990), and are host of flea parasites that are
vectors of diseases (Kilonzo et al. 1992).
Also, some harbour bacteria that cause
zoonotic discases such as leptospirosis
caused by Leplospira_bacterim, and
toxoplasmosis caused by Toxoplasma gondii
(Machang’n et al. 1997). Consequently,
periodic  outbreaks  of  some  rodent
populations pose concem fo humans due o
their pest and health impacts. For example,
population_ outbreak of AL natalensis has
been associated with the increased food loss
(wp to 80%) therefore, posing food
insecurity in rural areas of Tanzania (Mdangi
2009). On the other hand, plague disease
outbreak in some parts of Tanzania such as
Inga, Singida, Kondoa, Rombo, Hai,
Arumeru, Mbulu and Same Districts has
been a threat to public health (Kilonzo e al.
2006). Understanding the factors that affect
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abundance of a rodent population is germane
to the effective population management of
species that are considered as serious pest.
This is especially important in sub-Saharan
Africa where food insecurity is threatening
development of most rural human
populations due fo crop devastation by
various crop pest species (Milan 1990).
Regular and up to date monitoring of the
rodent population trends is vital so as fo
predict when the rodent population outbreaks
are likely to ensue, thereby enable relevant
authorifies to prepare with the potential
control measures required in preventing their
impacts. Such monitoring information is
‘missing in many parts of Tanzania including
the westem Serengeti ccosystem and
sumounding  villages posing risks of
continued post-harvest and on-fam crop
losses.

This study, therefore, aimed at assessing
abundance of M. natalensis and how its
population is influenced by the local-scale
vegetation and soil characteristics as the key
habitat correlates that could be among the
fargets for todent population — control
measures. We hypothesised that, the
abundance of Mastomysis natalensis will be
influenced by habitat type, vegefation ground
cover, tree diameter at breast height (DBH),
plant species richness, soil fextures and
seasonality. This information will be useful
fo the reserve management during
preparation of the reserve _ecological
‘management plans. Also, it will be utiized
during the development of pest control plan
in the neighbouring villages as this species is
2 potential pre-harvest pest.

MATERIALS AND METHODS
Study area

The study was conducted within Kijereshi
Game Reserve and neighbouring village
land in westem Serengeti in Busega and
Bariadi Districts. The game reserve covers
65.7 km? (Fig 1) and borders Serengeti
National Park (SENAPA) on the northem
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side, and is surrounded by six villages
Lukingu, Mwabayanda,  Mwakiloba,
Kijilishi, Senta and Nyamikoma.

The study landscape receives an anmual

rainfall of about 750-850 mm (McSherry
2015) characterized_by_bimodal rainfall
‘pattern with short rains from November to
Tanuary and long rains from March to May
(Campbell and Hofer 1995). Futher, the
reserve is characterized of three vegetation
types: the riverine forest (RRE-covering
9.4% of the reserve area), grassland (GL-
25.1%) and wooded grassland (WG-65.5%)
(Guada 2020). For this study we used the
WG found in Kijereshi Game Reserve, and
the fallow land and maize crop fields

randomly selected from Nyamikoma village
with varying soil types of clay, sand and
loamy (McSherry 2015).

In the Nyamikoma village, the fallow lands
surround cultivated fields, which during wet
season, are planted with maize (Zea mays)
intercropped with legumes (Leguminosac),
sorghum (Sorghum bicolor) and sunflower
(Halianihus spp.) (Egidius 1. Rwebuga, pers.
obs., 2020). There are two types of cropping
seasons; the major season sfarting March fo
July and the minor season from
September/October (depending on  the
commencement of short rainfall to end of
February before the start of long rains.

Legend
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Figure 1: Location of study sites within Kijereshi Game Reserve and Nyamikoma village that
surround the western Serengeti ecosystem

Data collection

To address the research objectives, we
applied several techniques. First, in order to
understand the rodent abundance, we used
the Capture-Mark-Recapture technique. The
‘procedure involved placing three replicas of
grids (70 % 70 m) in three different habitats;
WG within Kijereshi Game Reserve, in the
active Maize farmland and farm-fallow in
the village land. The grids were spaced at a
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distance not less than 300 m from each other.
‘This distance was deliberately made larger
than the average known home range of the
study species; 800 m* (Monadjem and Perrin
1998) to avoid potential double counting of
individuals from any two adjacent trap
stations. Each grid consisted of seven
parallel lines spaced 10 m apart, with seven
trapping stations per line also spaced 10 m
apart, making a total of 49 trapping stations
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per grid (Leis ef al. 1996). Further, at each
trapping station, one Sherman LFA live trap
(H.B. Sherman Traps Inc., Tallahassee, FL,
U. S.) was positioned to frap rodents (Leirs
ef al. 1996). To improve catchability, the
raps were baited with peanut butter mixed
with maize flour as commonly used in
similar studies (Mulungu ef al. 2012).

Rodents were trapped for three consecutive
days each month for a 12-month period
(April 2020 to March 2021). Throughout the
trapping period, traps were checked twice a
day, in early moming (between 06:00 and
07:00 hours) and late afiemoon (between
17:00 and 18:00 hours) (Monadjem & Perrin
1998). From each trap catch, we identified
and recorded species name of the animals
caught, body mass, sex, and reproductive
status (this demographic information are not
reported here). Species identification of the
trapped individuals was done using field
gudes (Happold 2013).  When data
recording was completed from any captured
individual, one toe was clipped and the
animal was released at the trapped site to
facilitate_monitoring  of  subsequent
recaptured individuals (Mulungu ef al 2005).
A total of 441 (49 x 90) traps were used
during the sampling period accounting to a
total of 15867 trap nights

Second, to understand the role of habitat
characteristics on the rodent abundance,
several variables were tecorded within a grid
where todent frapping occurred.  We
measured diameter at breast height-DBH,
determined plant species richness and
vegetation ground cover, within cach grid by
establishing five nested plots, one at each
comer and the center of the grid, and DBH
for trees and shrubs was defermined using a
diameter tape (Hays ef al. 1981). Quadrats of
1mx 1 m were used for herbs and grasses
while those of 10 m x 10 m were used for
frees and shrubs (Hays ef al. 1981)

Determination of vegetation ground cover
(.. the bird'scye view of how much
‘ground is obscured by vegetation) was done
visually (Kennedy & Addison 1987).
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Species identification of rodents and plants
was done in the field by use of plant field
guides and experts.  Furthermore, fo
understand how rodent abundance was
related to the soil fype and characteristics,
we collected five soil core samples from
each comer of the grid at a depth of 30 cm,
packed in plastic bags (Massawe ef al. 2008)
and took them to the soil science laboratory
at the Sokoine Universiy of Agriculture for
particle size analysis using the hydrometer
‘method (Gee and Bauder 1986). Soil types
were characterized using a soil texture
triangle to determine the percentage of sand,
silt and clay (Gee and Bauder 1986). Finally,
we recorded season: wet (December fo May)
or dry (Tune to November) of each collected
field dafa, fo understand the effect of
seasonality on the abundance of the rodent
species. Seasons were defined as wet and dry
periods. Thus, there was one wet and one dry
period that had six trapping sessions cach.

The fieldwork was, without some limitations
that are worthy pointing out in connection
with the Capture -Mark-Recapture trapping.
technique, which engaged 70 m x 70 m grids
using the Shamman live traps. The
shoricoming of this technique s that raps set
within home ranges of many individuals of
rodents are likely to have higher capture rates
compared to the ones outside the home
ranges of these animals (Harkins efal. 2019).
However, this effect was rectified by
replicating our trapping grids three times and
pooling the capture dafa before analysis
‘Also, a few traps were destroyed by animals
or stollen particulasly in the fallow land and
crop fields, which could have interfered with
the trapping probability of rodents. We
therefore replaced any lost or destroyed frap
any time this incidence was detecied.

Data Analysis

Data were analyzed in several steps to
address each objective of this study. First,
we used field collected abundance data to
compute the density of the study species
using the Minimum Number of Animals
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Known to be Alive (MNA) for cach hectare
(ic., surveyed rodent trapping grid), every
month throughout the sampling _period.
MNA was computed by emmerating the
mumber of individuals canght in a capture
session, plus those that were not caught at
that time, but were caught both previously
and subsequently (Krebs 1966) as follows:

MNA =Nu +Ns
Where:

MNA = Minimum number of animals known to
be alive during a particular period (ie..
‘month) in a given plot (ie. 70 mx 70 m
plot used in a Capture —Mark-Recapture
techique):

= Unigue individuals captured in a
‘particular capture session;

= Number of individuals not cavght at that
‘particular ime, but were caught previously
and subsequently.

Further, we investigated how the rodent
density varied across the surveyed habitat
types, sampling seasons and soil types using
non-parametric fests as data failed a
normality Shapiro-Wilk test at p > 0.05 test.
Differences in rodent densify _befween
seasons were determined using Wilcox test,
and between habitat types using Kruskall
‘Wallis test (Mwasapi and Rija 2021).

Second, to understand the effect the
‘measured habitat characteristics haves onthe
rodent abundance, we built a negative
binomial generalized linear model (GLM),
implemented in the package MASS after
detecting data over dispersion in the poison
GLM. The binomial generalized linear
‘model consisted of six independent variables
(plant species richness, soil type, habitat
fype, DBH, ground cover and sampling
season, all known to influence the biology of
most rodent species clsewhere (Mwasapi
and Rija 2021), and the rodent abundance as
a dependent vasiable. To determine most
influential explanafory variables in the
model, we performed a backward stepwise
single deletion of non-significant terms (Rija
2022). Additionally, chi-square test was

Nu

Ns
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used at every step of removing non-
sigaificant model terms, fo examine the
model significance (Kamil 2018). Hence
only four variables that were found
sigificant were considered for modeling (ie
seasonality, soil class, plant species richness
and habitat fypes). Thereafter, prediction
‘models were builf using the predict function
under the “ggplot2” package to examine the
predictive power of each variable in the final
‘GLM model.

RESULTS

Abundance of Mastomys natalensis in
different habitats

We found rodent density ranging from
5.5¢1.6ha fo 20.56:3.6ha across various
habitat characteristics (Table 1) with the
Maize fields recording significantly higher
mean density (20.56:3.6/ha) than all other
‘habitat types (= 79.393, df =2, p < 0.001).
Effect of habitat characteristics and
seasonality on abundance of M. natalensis

The density of M natalensis was
sigaificantly influenced by the measured
variables (Table 2) as it showed dissimilar
responses to_season, habitat type, soil
stucture and  plant  species richness
Examining abundance of the Mastomys
natalensis, we found significantly higher
density record for all habitats during the dry
season than the wet season (W =2159.5, p<
0.001; Fig. 2a). Also, the species density
positively and significantly associated with
Maize habitat as compared to Fallow and
WG habitats (Table 2; Fig. 2b) as well as
sand-clay-loam soils, but decreased in sandy-
clay soils (Table 2; Fig. 2c). Furthermore, the
M. natalensis density was positively and
sigificantly associated with the dry season,
but decreased in the wet season and with
increasing plant species richness (Fig. 22 &
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Table 1: Summary of vegetation properties, soil texture classes (with associated mean % clay,
‘mean % silt and % mean sand) and density of M. natalensis in different habitats.

Tabitst  Sal  Mem% Men%  Memn% Meanplant  Meaw A e
Gpe  tetwre  clay e sand peces  DBH  vemefon  MNA/ha
dasses  (SDE)  (SDE)  (SDE)  richmess  (SDE) growndcover (<SDE)
(25DE) <spE)
s S SIS0 SEM00 SENM0  2300:035 2006 BIS0  1931
e sc 35600 S6u00  SBE00 2300:035  20:006 2761107 1646535
we S 155:00  BS600 TSR0 2S00 199027 60T 55216
sc 35600 11600 S2E:00 255:128 199027 2761107 55813
Maize  SCL 26900 74:02 666504  200:014 08101 2420 205636

Fallow= fallow land, WG=wooded grassland, Maiza=aciive maie crop e, 5
SC= sandy - clayzoile

‘Table 2: Effect of various ecological variables on abundance of Mastomys natalensis basing on the
densify (MNA/ha) as revealed in the final plausible GLM model.

Sandy-<lap-oam il

Modelhpe Parameter Estimates +SE Zvalue 1)
Tutercept 297920206 14481 0000+
Maize habitat 024920200 2268 o003
WG habitat 0701 20092 761 0000
MR et season -0866+0071 12208 0000 %
Sandy- clay-loam 028040103 2709 0.007%
Plant species ickness 00380009 4180 0000+
7 ¥ idicate sigficant at p <005, 001 2 000, rspecively
@ ®

Prediced MNARa

Sampling season e Habital type &

© @

Predced MNAha

e —— 2 e P,

Figure 2: Effect of sampling season (a), habitat type (b), soil structures(c), and plant species
Tichness () on the density (MNA/Ma) of M. natalensis in the study areas. [Black dots (n &)
zepresent raw datson plant speciesrichness at each sampling point whereas the grey shade indicates 95% CT
oftheestimated mean effect size.|
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Discussion

Abundance of Mastomys naialensis varied
across habitats, leading to highest density in
the Maize field followed by fallow land, and
least in the WG habitat. The results were
attributed to more availability of food
resources in the maize field before and after
harvesting compared to fallow land and the
wooded grassland, which may have
enhanced their reproductive capacity thus the
positive association befween the species
density and the Maize fields. The findings
comespond _with Makundi (1999) and
Magige (2016) who also reported higher
densities of the species in culfivated than in
non-cultivated habitats. However, when
investigating population _dynamics  and
breeding pattems of M. natalensis in
imigated rice fields, Mulungu ef al. (2013)
had most individuals of the species captured
in fallow land, which in the present study
ranked second. According fo Start and
others (2012), rodent pests ofrice tend fo nest
on field edges, rice bunds and in adjacent
habitats rather than within the rice fieldtself,
especially dusing flooded conditions. So, in
avoiding the wet/dump soils, most rodents
tend to be resting and feeding long distances
away from their nest sites (Ylonen ef al.
2002). consequently getting trapped in
Surrounding arcas, i.c., fallow lands, before
they reach intended rice fields (Monadjem
and Perrin 1998)

Additionally, density  of  Mastomys
natalensis varied between wet and_dry
seasons. In al three habiats, months of dry
season experienced higher abundance than
those of wet season. Large part of our study
site is a low land, and becomes flooded
during the wet season, probably contributing
o the subsequent observed lower abundance.
According to Jacob (2003), deaths of rodents
due to flooding, and migration to other non-
flooded areas during the rainy season is a
common experience, a_phenomenon._that
underscore our fesults. The higher
abundance of M. natalensis in the dry season
reported by the current sfudy is in agreement
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with the findings by Mulungu and ofhers.
(2013). Rodents breed during the long rains
starting one month after the usual peak
mainfall, lasting until the dry season,
contribufing fo increase in mumbers of the
rodents (Leirs ef al. 1996)

Moreover, results regarding the positive
association befween abundance of M.
natalensis and sandy-clay-loam soils are
similar to Massawe and others (2008).
Odhiambo (2005) and Massawe (2008)
pointed out that abundance of rodents in soils
of different textures and moisture content is
associated with the suitability of the soils for
creating nesting places since soil texfure
influences many _properties  including
drainage, moisture-holding capacity and
sates of water infilration (Marina and Zubaid
2015) and weather in odent holes. As such,
Soils containing loamy texture has low water
holding capacity (Hodnett and Tomasella
2002), which keeps burrow holes dry most of
the time hence more stable and stronger
(Laundre and Reynolds 1993). Large part of
our trapping sites had a sandyclay texture,
suggesting  unsuitability for  sodent
burrowing and nesting particularly during
the rainy season. This explains the negative
association between abundance of the
species and sandy-clay soils, results that are
in line with Massawe and others (2008) who
reported low abundances of rodents in the
sandy-clay soils especially during the wet

season
However, according to our results, plant

species richness showed negative association
with the abundance of Mnatalensis. A
comparatively far more mumbers of
Mnatalensis were found in mono-cropped
‘maize fields, which are cleared of all other
vegetation types except the maize crop plant,
yet, like other cereal crops affract pestrous
rodent species like Mnatalensis (Shenkut
2006). Our results were similar to those
reported by Makundi and others (2007) who
found higher densities of the species in arcas
cleared for agriculture at even much higher
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elevation of the Usambara Mountains,
Tanzania.

(CONCLUSION AND
RECOMMENDATIONS

Our results indicate that the rodent density
varied between habitats and seasons. It
ranged from 5.5+1.6/ha to 20.56:3.6/ha, and
was significantly higher during the dry
season and in active maize crop farmlands
than in the wet season and protecied arcas
(2= 79393, df = 2, p < 0.001). Fusther,
sodent density was _strongly _positively
associated with active farmlands (p = 0.023)
and sandy-clay-loam soils (p = 0.007) but
negatively correlated with the plant richness
(p < 0.0001). These results are useful for
developing the potential  strategies to
reducing impacts associated with this rodent
species in the rural landscapes.

Since the target species exhibits seasonal
Variation in abundance in al three habitats
especially in the maize crop fields, trapping
o reduce its population especially when their
densities are low and use of rodenticides
could optimise prevention of the rodents”
outbreaks during farming scason and hence
leading to reduced maize crop loss in the
felds
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Abstract
Rodent pest control is challenging because of the complex dynamics of their populations. We
investigated the influence of seasons and habitats on food categories and diet breadth of Mastomys
natalensis (Smith, 1834) by analysing 107 stomachs collected in Kijereshi Game Reserve and
Nyamikoma village in westem Screngeti-Tanzania, using kill traps. Plant materials (41%) and
invertebrates (39.1%) dominated the animal's diet in different seasons and habitats. Numerically,
during the wet season, invertebrates dominated the fallow land (90.0%) followed by the wooded
grassland (83.3%) and maize crop fields (76.2). Plant materials were in large quantity in maize
crop fields (27.6%) and least in the wooded grassland (16.7%). Furthermore, sceds/grains were
eaten more in maize crop fields (20.7%) as compared to fallow land (19.3%) and wooded grassland
(6.9 %). In contrast, in the dry season, plant materials occurred at a higher frequency in maize crop
fields (85.7%) followed by fallow land (60%) and lastly the wooded grassland (50%). Seed/grain
featured more in the diet in maize crop fields (75%) followed by fallow land (44.4%) and lastly by
the wooded grassland (36.4%). Invertebrates occurred with higher frequency in the wooded
grassland (72.7%) followed by fallow land (66.7%) and lastly by maize crop fields (58.3%).
Statistical tests on the effects of habitats and seasonality on the dictary pattens of M. natalensis,
revealed a non-significant effect of each individual variable respectively (p = 0.43) and (p=0.81)
respectively. Effect of seasonality and habitats on M. natalensis food categories were observed on
plant materials but not in seeds/grains and invericbrates. The animal ate plant materials and
sceds/grains substantially in the maize crop fields, suggesting that i is a potential pest. Therefore,
combined management actions are needed which include clearance of bushy fallow lands and
rodenticide application but preventively and remedially when there is a need.

Keywords: Dietary breadth, selectivity index, feeding, habitat heterogeneity, rodents, seasonality,
Westem Serengeti
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Introduction

The multimammate mouse, Mastomys nafalensis (Smith, 1834), is an important pest across
southern and eastern Africa that causes substantial crop losses (Makundi et al., 1999; Wondifraw
BT, 2021). In Tanzania for example, M. natalensis has been considered as the most important
rodent pest (Leirs & Verheyen, 1995; Mdangi, 2009) that can damage up to 48% of farmer's field
crops at a density as low as 18 individual animals per hectare of crop farm (Mdangi, 2009). Further,
the rodent species is a carrier of plague (Dippenaar & Gordon, 1993; Monath, 1975) that also poses
considerable health risks to humans. Despite this, rodent species including M. natalensis provide
‘major benefits to the environment as bio-engineers (Wright et al., 2002), play a great role in the
encrgy trophic levels, and disperse seeds (Krebs, 2001). Also, some rodent species are a source of
proteins for humans (Kilwanila et al., 2021). Management of rodents’ pest impacts is challenging.

Several control methods currently in use concentrate on reducing rodent population size. For
example, trapping, bounty system, repelling, rodent proofing, and poisoning with rodenticides (ic.

strychnine) methods have been used (Capizzi et al., 2014) Recent research has advanced the
control methods thereby targeting fertility control (Ajayi & Akhigbe, 2020; Imakando etal., 2022;
Massawe et al, 2018; Selemani et al., 2022) although the efficacy of these methods on the
‘population size of rodents in the wild is still unknown. These control methods have evolved over
fime suggesting the challenge the world currently faces in managing the rodent population. Such
‘management challenges are partly caused by the complexity of the population dynamics of rodents
that vary across local and spatial scales and also due to the high ability of most rodent species in
uilizing subtle resources even in scemingly difficult environments to survive (Makundi et al.,
2007).

Here, we study the dictary habits of rodents to assess how various land-use activities and
seasonality interact to explain rodent dictary patterns and fo inform the potential management
strategies of the rodent population in the human-dominated landscapes of western Serengeti.

Mastomys natalensis is an opportunistic feeder consuming various food resources based on
availability (Odhiambo et al., 2008a). Existing studies indicate the species feeds more on seeds,
arthropods, and grasses during the wet season and on other plant material during the dry season in
the south-west (Monadjem & Perrin, 2003) and central regions of Tanzania (Mlyashimbi et al.,
2018). On the other hand, grains have been found to predominate the diet of M. natalensis in
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Botswana and Tanzania regardless of the season and habitat types assessed (Mulungu et al, 2011).
These studies, although most were conducted in Tanzania, have reported different dictary patterns
and their variabilify seems to be modulated by local-scale factors which, further add to the
complexity of the rodent biology. This suggests that results from such studies cannot be
representative of all other areas and that site-specific information may be more uscful when
planning rodent population management strategies. This is because such strategies may vary based
on local ecological conditions (e.g. habitat structure, local season and length, etc.), human culture
(e.g. acceptability of a control method, rodent consumption, etc.), and land use activities (c.g.

available farms, protected area, etc.) (Mwasapi & Rija, 2022).

Although seasonality and vegetation type are known fo influence the dictary habits of Mastomys
natalensis (Odhiambo et al., 2008), information on the fine-scale characteristics of vegetation (c.g.

habitat heterogeneity) and anthropogenic activiies (e.g. farming practices and wildfire) that
‘modulate food abundance is less well documented (Kwok & Eldridge, 2015). Further, land use
activity can also influence the dynamics of rodent dictary pattemns e.g. through acting as a source
or sink area of food resources acting as seasonal refugia for rodents, thereby influencing rodent
population dynamics. In landscapes comprising protected arcas and unprotected lands that support
farming activifies for example, the dietary patterns of rodents are expected to exhibit greater
breadth due to the complex microhabitats available across such landscapes that are subject to
varying management strategies. Such a system exists in Kijereshi Game Reserve and adjacent
unprotected land interface in western Serengeti where the rodents may be able to switch habitat
use based on the seasonality, land use practice, and habitat management strategies (e.g. use of
‘prescribed early fires in the protected area). This may further impact the rodents’ dietary habis,
foraging pattems, and population dynamics and therefore making predictable control measures of
their population challenging. Fusthermore, most available studies were conducted on simple mono-
crop systems, and et the results from elsewhere are considerably variable making it difficult to
apply especially in more complex systems such as the western Serengeti landscape. Hence, we
hypothesized that, M. natalensis food categories varied between scasons and habitats.

Materials and methods
Study area

The study was conducted in Kijereshi Game Reserve and surrounding Nyamikoma village
(between Latitude 2°1' and 2°4 S and Longitude 33° and 35° 1'E), in the westemn Serengeti
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Ecosystem within Busega and Bariadi Districts in Simiyu Region (Fig. 1)
On the northern side, Kijereshi Game Reserve shares the boundary with the Serengeti National
Park (SENAPA) and is surrounded by six villages: Lukungu, Mwabayanda, Mwakiroba, Kijilishi,
Nyamikoma, and Senfa. Kijereshi Game Reserve and the fallow land-cultivated mosaic is
characterized by grassland with the commonly occurring species as explained in (Rwebuga et al.,
2023).

ravoraGit@ [ SewcosiNasona Pk [S—
o vime T e came Reserve [ v ooy

Figure 1. Location of study sites in Kijereshi Game Reserve and Nyamikoma Village
Trapping of rodents

Rodent trapping was conducted from April 2020 to March 2021 in three 70m x 70 m permanent
trapping grids in each habitat; wooded grassland (WG) within Kijereshi Game Reserve and fallow
Land (Fallow) and maize crop fields (Maize) within Nyamikoma village which were replicated three
times. Each grid consisted of seven parallel lines, 10 m apart, with seven trapping stations per line
spaced 10 m apart, making a total of 49 trapping stations per grid (Rwebuga et al, 2023). One
Victor kill trap (1.0 x 20.3 x 30.1 cm, Animal Trap Co., Lititz Pennal) was used per station and an
amount of 1764 trapping nights were obtained.




image32.png
36 | Sustainability and Biodiversity Conservation, 2(2): 32-52
Processing of captured animals

Captured animals were sexed and identified to species level in the field using field guides and
technical experts. We collected the stomachs of each trapped individual and preserved them in a
20 ml glass bottle (HiSupplier.com) containing 70% ethanol. The stomach contents were examined
in the laboratory on a Petri dish (65 mm in size, Tools and Carbide Plastics (Pry) Ltd) and
categorized into “Seeds/grain, Invertebrates, Plant materials, Hairs, and Other unidentified
‘materials™ using a microscope (25 x and 50 x magnification) as described by (Smith et al., 2002).
Examined stomachs totalled 107 comprising 40 samples from WG (18 in wet season and 22 in dry
season), 24 samples from maize field (12 in wet season and 12 in dry season) and 43 from Fallow
crop fields (25 in wet season and 18 in dry season). The contents were sorted into the following,
categories: seeds/grains, vegetative plant materials (roots, stems and leaves), invertebrates, animal
hairs and other unidentified matter. Lugol's iodine solution was used to confirm the presence of
seed starch (Smith et al., 2002).
Statistical analysis
To understand the importance of each food item in the stomach samples, food categories were
quantified as described by (Smith et al, 2002). These are average percentage volume (PV), defined
as the contribution of each ifem to the volume of the particular stomach content, which was
estimated as the proportion of each food item over the total of all volume proportions fimes 100
Percentage occurrence (PO) of a particular food item in a sampling period was calculated from the
sumber of stomachs it was found in and the mumber of stomachs examined times 100. Diet diversity
was caleulated according to (Ebersole & Wilson, 1980) as Levins” index (Levins, 1968) which
ranges from 1 to n (= total number of food ifem categories) as follows

1
b2

where, P ( = PV) is the percentage value of each of the dict category. Then diversity was

standardised to a scale of 0-1 using Hurlbert’s method(Krebs, 1989)
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where Bs is Levins” standardised niche breadth, B is Levins’ measure of niche breadth, and n s the
mumber of possible resource states. The combination of percentage volume- (PV) and percentage
occurrence (PO) was used to calculate an importance value (IV = PV x PO/100) for each dietary
item (Cooper, 1978). The relative importance (RI) value of a particular item was taken as the
importance value of that item expressed as an average percentage of the sum of the importance
values for all items (100 x IV/PIV) (Smith ef al. (2002). Fusther, to understand dictary overlaps,
we calculated the seasonal dietary overlap as per (Schoener, 1968) by using the following

‘mathematical expression:-

Oij=  Tpijpik N pif2 Tpik2)

‘Where pij is the contribution proportion food items in the wet season in different habitats pik is the
contribution proportion of food items in the dry season in different habitats O ranges from 0 (a0
overlap) to 1 (tofal overlap).

Afier checking normality in our data (Shapiro-Wilks test, p <0.05), we used Kruskal-Wallis and
Wilcoxon rank test, which conform to non-normal data, in R-software version 4.2.1 (Team, 2021).
These tests were used to compare differences in the dictary abundance befween habitats and
seasonality.

To understand the influence of habitats and seasons (independent variables) on M. natalensis
various food categories (dependent variables) we used a generalized linear models (GLM) with a
negative binomial error term and a log-link function implemented in the R-package MASS (Team,
2021) following presence of over dispersion in the data(Rija, 2021). For this analysis we used
‘percentage food volumes which were discrete mumbers and directly proportional to counted parts
of each food category (Vezzosi et al., 2014). We generated four candidate models representing
hypotheses concerning the effects of habitats and seasons on each of the three food categories only:
Tnvertebrates, plant materials and seeds/grains, because hairs were present in very small amounts
and others categories represented unknown food categories (Makundi, R H., Massawe, A. W.,
Mulungu, L. $. and Katakweba et al., 2014). We applied the all-subset approach to model selection
to obtain variables for including in the model as we had only two independent variables per model
and all of them had unique biological importance (Symonds & Moussalli, 2011). The relative
influence of each variable in the model was evaluated by the forward selection method of variable
(Chowdhury & Tusin, 2020). The best model fitting the data was chosen using the Akaike
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Information Criterion corrected for small sample size (AICc) value and the models with higher
weights were the ones taken to be most parsimonious (Symonds & Moussalli, 2011). We validated
‘models through conducting deviance residuals distribution examination that expressed conformity

Rija, 2021).

Inclusion and exclusion criteria for rodents and shrew selection
The siudy was conducted according to the guidelines of the Declaration of Helsinki, and approved

by the Institutional Review Board of the Sokoine University of Agriculture for research, regulations
and guidelines-2019 through research clearance approval referenced SUA/ADM/R.1/8/561/2020
and the Tanzania Wildlife Conservation Act No. 5 of 2009.

Results

Dietary composition and variability across habitats and seasonality

Plant materials (leaves, grasses, stems and roots) (41%) and invertebrates (39.1%) dominated the
dictary habits of the M. natalensis. During the wet season invertebrates were more prevalent in WG
(39.2 %) followed by Fallow (313 %) and Maize (21.2%). Plant material was more prevalent in
Maize (27.6%) followed by those in Fallow (25.3%) and WG (16.7%). Seeds/grains were caten
more in Maize (20.71%) followed by Fallow (19.25%) and lastly in WG (6.94 %). In the Dry
season stomach contents were dominated by plant materials in Maize (41.67%) followed by Fallow
(39.72%) and lastly in WG (23.18%). Also seeds/grains were recorded in large quantities in
stomachs of M. natelensis in Maize (32.5%) then in Fallow (18.06%) and were minimum in WG
(9.66%). Furthermore, invertebrates were also eaten substantially in WG (27.27%) followed by
Fallow (20.0%) (Fig. 2). There were also animal hairs (0% -9.3%) and other unidentified food
category (11.7% — 35.9%) in all habitats and seasons (Fig. 2). There was no significant difference
in food categories befween habitats (Kruskal- Wallis and Wilcoxon, (Chi-squared = 1.68, df=2, p
=0.43) and seasons (W = 55013, P=0.81).
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Figure 2. Mean percentage volume of various food categories in the stomachs of Mastomys natalensis
across seasons and habitats

Percentage accurrence

During the wet season, invertebrates occurred almost equally in all three habitats WG (83.3%),
Maize (76.2%) and Fallow (90.0%). Plant material occurred at a higher frequency in Maize (85.7%)
followed by Fallow (60%) and then WG (50%). Seeds occurred mostly in Maize (71.4%) followed
by Fallow (45%) and then WG (16.7%). Other unidentified materials also occurred in frequencies
ranging from 60% to 81% and hairs from 0% to 11%. In the dry season, plant material occurred
more in maize (100%), followed by Fallow (88.9%) and then WG (81.8%). Seeds/grain occurred
more frequently in Maize (75%) followed by Fallow (44.4%) and lastly by WG (36.4%).
Tnvertebrates occurred with higher frequency in WG (72.7%) followed by Fallow (66.7%) and
Lastly by Maize (58.3%). Other unidentified material occurred at frequencies ranging from 33.3%
to 100%. Also, hairs occurred at frequencies ranging from 0% t0 32% ~(Fig. 3).
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Figure 3. Variations in the percentage occurrence of food types in the diet of Mastomys natalensi in the.
three habitats and two seasons

Relative importance of dietary categaries

Importance of different food categories to the M. naralensis diet either varied befween seasons and
habitats or was represented equally in some cases. During the wet season invertebrates were
equally important in both WG (43.1%) and Fallow (42.3%) but less in Maize (20.7%). Plant
materials were more important in Maize (30.3%) followed by Fallow (22.3%) then WG (11 %).
Also seeds /grains were more important in Maize (18.94%) followed by Fallow (13.0%) and then
WG (9. 29%). Other unidentified materials ranged from 20% to 36.8%. Hairs ranged from 0% to
4.0%. During dry season importance of food categories to the rodent diet varied between habitats
and seasons. Seeds/grains were more in Maize (31.2%) followed by Fallow (20.2%) and then by
WG (5.0%). Plant materials were more important in Maize (53.3%) followed by Fallow (39.6%)
and lastly by WG (25.7%). Importance of the invertebrates food item to the animal food diet was
expressed more in WG (26.9%) followed by Fallow (15.0%) and then by Maize (10.6%). Whereas
other unidentified materials ranged from 0% to 4% in all habitats and seasons hairs had negligible

importance (0.0%) (Fig. 4)
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Figure 4. The mean relative importance (RI) values for each food category in different habitats
and seasons
Niche breadth

Food diversity was high during dry season (0.8 +0.18) but low during wet (0.520.15) season i the
WG. In Maize food diversity was high during wet scason (0.8  0.06) but low during dry season
(0.5+0.17). In Fallow there were no difference in food diversities in both wet season (0.7  0.04)

and dry season (0.7 0.12)

Seasonal dietary overlapThe dictary composition of M. natalensis showed a large degree of
seasonal overlap (0 =0.987).
i
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The effect of seasonality and habitats on Mastomys natalensis food categories

Effect of seasonality and habitats on Monatalensis food categories were observed in plant materials
food categories where they had both significant and non-significant influences. Whereas, wet
season and the wooded grassland habitat had negative influences on seed/grains, maize crop fields
revealed a positive effect on the food category. Wet season and maize crop fields had positive but
non-significant effect on plant materials whereas the wooded grassland exhibited a negative effect
on the food category. On the other hand, wet season and the wooded grassland habitats revealed
positive significant influence on the  invertebrates food category whereas maize crop fields
exhibited negative influence on the food category (Table 1). Further, the Mrnatalensis food
categories associated differently with different variables. Whereas, sced/grains and plant materials
associated more with dry season, invertebrates associated with wet season (Fig. 2 (A.C &E)) . On
the other hand, seeds/grains and plant materials associated more with maize crop fields while
invertebrates were more positively predicted by the wooded grassland habitats (Fig. 2 (B.D &F))
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Table 1. Effect of habitat and seasonality on Mastomys natalensis food categories volumes as estimated

by GLM showing a significant effect on the final best fitting models

Model type Parameters Estimates & SE Zvalue P2

Seeds/grains ‘Wet season 024229+ 0.04657 5203 <0001
Maize crop field 0.31826 £0.05146 6.185 <0.001
Wooded grassland 0.77697 £ 0.06540 11880 <0.001

Plant materials Wet season 0.01919+0.04178 0459 0459
Maize crop field 0.06493+ 0.04198 0155 08771

Wooded grassland -0.46087 £ 0.04533 10168 <0.001

Invertebrates Wet season 0.30155 £0.03833 7.867 <0001
Maize crop field 032064 £ 0.05196 6171 <0001

Wooded grassland 0.29440 £ 0.04281 6.876 <0001

% %%, and *** Indicate significant at p < 0.05, 0.01, and 0.001 respectively
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Figure 5. Effects of seasonality (A, C & E) and habitat types (B, D & F) on volumes of various food
categories: seeds/grains, plant materials and invertebrates - found in M. natalensis stomachs in different
seasons and habitats within Kijereshi Game Reserve Nyamikoma village- landscape

Discussion

Our results showed that, predominantly, the rodent food categories” volumes and diversity varied
between seasons and habitats. This suggests that Mastomys natalensis in the Kijeshi-Game
Reserve ~Nyamikoma landscape is a generalist feeder which mostly consumes invertebrates, plant
materials and seed/grains dietary categories at deferring or equal rates in different habitats and
seasons, hence partially conforming to our hypothesis. Our results are similar to findings by various
other investigators. Delany (1964) found invertebrates remains in 23 out of 25 stomachs from
Uganda. Probably this is because during the wet season invertebrates are present in abundance as
it was declared by Lack (1986) that in the tropics, invertebrates are much more abundant in the wet
season than in the dry season as was found out in this study (Fig. SE). Another reason could be
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that, either, some portion of the invertebrates found in the M. natalensis stomachs were incidental
ectoparasites ingested during grooming and sedentary invertebrates ingested on plant pars or just
the rodent's endoparasites which reside in stomachs (Mobtasebi et al., 2021).

During the dry season plant materials were mumerically more eaten in the maize crop fields and
fallow land, followed by seed/grains in maize crop fields and lastly by invertebrates in wooded
grassland. To the large extent this was confrary to findings from other studies. For example,
(Mulungu et al., 2011) found seeds/grains to be dominating the M. natalensis food categories in
‘Tanzania and Botswana during the dry season. Although Lack (1986) reported that when seeds and
invertebrates become scarce, particularly during the dry season this species turns to less nutritious
vegetative plant materials, such as leaves and stems. However, in the study area during the months
of June, July, August, there are still harvestable maize cobs in the farms. By October, according to
farmers cropping calendar, it is maize main season sawing time. Hence, we expect to have large
seed resource base in maize crop farms during these months (Fig 5A). In addition to availability of
‘maize grains, there are also some other mature crops like legumes (Leguminosac), millet (Sorghum
5p). sweet potatoes ([pomea sp) and cotton (Gossypium sp) seeds which are either inter-cropped
with maize or are in close small farms. But yet plant materials were still most important food
category in the stomachs of M. naralensis. This could be explained by the fact that Kijereshi Game
Reserve and most of its surroundings are wet in the most part of the year (Norton-Griffiths, 1975;
Thirgood et al., 2004) hence there are fresh grasses resulting from germinating monocotyledonous
seeds which atiract M. natalensis (Randolph & Cameron, 2001). Another reason could be that,
because this species is r-selected (Leirs, 1995), hence they ingest fresh grass leaves that contain 6-
Methoxy-2-benzoxazolinone (6-MBOA) compound which acts as a predictor for the onset of
reproduction in most mammals including rodents (Neal, 1996).

‘There was no significant difference among M. natalesnsis food categories within habitat and season
factors. These findings are similar to many from other studies (Leirs & Verheyen, 1995; Odhiambo
etal,, 2008) . Mulungu et al. (2014) when investigating food preferences of M. natalensis, within
irigated rice and fallow field habitats found no significant differences in the proportion of the
different stomach components of rodents captured across the two habitats and seasons. This
suggests equal availability of food resources and sates across both seasons and habitats. During
wet season invertebrates in the stomachs of M. natalenis were equally important in wooded
‘grassland and fallow land but generally more important than plant materials and sceds/grains in all
habitats. But in the dry season the contents of the stomachs from maize crop fields and fallow land
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were equally important but more important than invertebrates and seeds/grains in all three habitats.
The same results were obtained by Rowsey et al. (2020), who recorded varied proportions and
frequencies of rodent food categories spatially and temporally. This probably might be due to some
food items being rapidly digested and hence underestimated (Kronfeld and Dayan, 1998) o others
over estimated when consumption is measured in terms of frequency of occurrence (Reynolds &
Acbischer, 1991) . Although it has been noted that more frequent consumption of a particular food
does not necessarily reflect the importance of that food to the animal in terms of nufritional benefits
(Ropper & Mickevicius, 1995).

On the other hand, niche breadth variations were detected in two habitats. In the wooded grassland
it was low during the we season but increased during the dry season whereas in maize crop fields
it was high during the et scason but decreased during the dry season. In fallow land there was no
niche breadth variation across both seasons. Niche breadth variations of M. naralensis was also
reported by (Mulungu et al,, 2011). The concept of niche breadth underlies many hypotheses
(Feinsinger et al,, 1981). For example, the physical environment, resources availability, and
competition are thought to affect the breadth of a population's niche, including diet over ecological
or evolutionary time spans (Sib, 1977). A number of theoretical models of optimal foraging
strategy have been proposed (Pyke, 1976; Emlen, 1968; MacAsthur & Pianka, 1966; Pulliam,
1974). For example, optimization of foraging model, is generally based on maximizing energy
gained per unit time spent during foraging. Approaches to the problem of diet selection have
assumed that different kinds of food can be ranked by desirability, with those requiring the least
amount of processing time (capturing, subduing, and consumption of the food) per nutritional gain
being the most desirable (Ebersole & Wlson, 1980). This theory seems to concur with variation in
niche breadth in the wooded grassland where it was low during the wet season but increased during
the dry season meaning that some more food items were taken in. Ebersole (1977) studied the
foraging of captive Peromyscus crinitus and Peromyscus eremicus feeding on seeds. Both of the
Peromyscus species responded to changes in food density as predicted by optimal foraging models,
becoming less selective under lower food densities which in the field is expected to be during the
dry season. This hypothesis antagonizes our observations in the maize crops fields where more
food items were sclected during the wet season than the dry season which is expected to have scarce
resources. This is in line with Ebersole & Wilson (1980) who observed a negative correlation
between food density and diet diversity in P. eremiscus. Hence, suggesting presence of a mumber
of various food items but which are lower in densities during the wet season than the dry season.
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Optimal foraging theorists agree that as overall food density decreases, the diet of an optimally
foraging animal should become more diverse through the inclusion of food items of lower
desirability (Ebersole & Wilson, 1980) .This phenomenon can further be explained by the fact that
during the dry season there is a lot of produce harvests including maize crops according to the
farmers” crop calendar in the study area. Despite this, there was no variation in niche breadths in
fallow land, suggesting a stable food resource supply during both wet season and dry season as was
observed by Mulungu et al. (2014), and supported by a strong index of scasonal dietary overlap.
Further, seasons and habitats had varied influences but on plant materials food category only. The
wooded grassland had a significant positive influence while maize crop fields® habitat had a non-
significant positive influence; the et season had a significant negative effect. Our esults concur
with Mulungu et al. (2011) who contended that M. narelensis is a generalist feeder that feeds on
available resources depending on availability. We would have expected scasonality and habitats to
have significant effect on the seeds/grains and invertebrates categories of M. natalensis. Skoghind
(1992) when working in the Serengeti ecosystem reported the presence of an abundant seed bask,
reaching up to 21 000 seeds m? which rodents in the arca can easily get access to especially during
the dry season (Belsky A. I, 1986; Gémez, 2004). Elsewhere, Oliveira (2010) concluded that
sainfall and bumidity were the best predictors of insect abundance. Hence, it i still lttle known as
to why habitat and seasonality are not influential covariates on seed/grains and invertebrates food
categories of M. natalensis in our study area.

Studying the influence of seasons and habitats on diet categories of the dominant rodent species
(Mastomys natalensis) in the Westem Serengeti ecosystem Tanzania offers a useful tool for
determining its feeding strategy in the study locality. The animal seems to be an omnivore that
selects more invertebrates and plant materials during different seasons of the year or depending on
their availability. Hence, it can pose some competition with both herbivorous and insectivorous
animals. Therefore, this work will set a benchmark from where to start re-designing new
‘management strategies of M. natalensis in the area. These rodents were found to eat plant materials
and seeds/grains to a substantial extent in the maze crop fields habitat hence it could be a potential
pest in the agricultural area. Therefore, combined management actions should be taken. Cover
‘materials should be removed from crop farms and neighbouring fallow areas. Also rodenticides
should be used preventively and remedially when there s a need.
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