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EXTENDED ABSTRACT

The ecology of rodent pest species is an imporapectthat enables understanding of
population characteristics and the type of crop damage caused by rodents in different
locations. It is a basifor effective EcologicallyBased Rodent Management (EBRM)
strategiesRodent pest species are found in different parts of the world and have adapted
to different lifestyles such as terrestrial, aquatic, arboreal and underground dwellings.
Rodent pests areeed/seedlings predators and cause high crop yield losses in the field and

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

Studies carried out in areas with bimodal rainfall patterns in Tanzania and elsewhere have
reported that roderpests are generalists as well as omnivorous. Their breeding patterns
depend on food availability and/or rainfall. The current research aimeddatstanding

the ecology and population characteristics of the dominant rodent pest speciesanicgemi

area of Tanzania as a basis for effective EBRM.

Studieswerecarried outat Isimani divisionin Iringa region, Tanzania from 2015 to 2018.

The study sitedhave aunimodal rainfall patterns (serarid) andexperiencefrequent

rodent outbreaks hreemethod were used (i) The CaptuiMark-Release method with four

60 m x 60 m gridsaisingSherman live traps (H.B. Sherman Traps Inc., Tallahassee, FL,
USA). For thismethod two grids wereseti n f ar mer s6 mai ze fi el d
fallow land. Data fromgrids were used tadetermine the breeding potential, population
dynamics, survival, relative home ranges, sex ratio and recruitment of the dominant rodent
pest specieqii) The secondnethodwasremovaltrappingof rodents intwo 60 m x 60 m
gridsusingShernan live and ®ap trapsOne grid wadocatedi n t he f ar mer 6 s

and the other in fallow landData from tlesegrids were used taletermine theseasonal



changes in diet and the breeding patterns of the dominant rodent pest species in the study
area.(iii) The third method was prharvest loss assessment of maize crop due to dent
Two experiments were establishdate first one was used toestimatemaize seedling
damage i n f Whenmes thes sicoridiore wassised to determineetddossby
simulation at five damage levels viz; 0, 10, 25, 50 and @b%removing seedlings per

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

for the experiment and damage levels for the several experiments

Populatin size ofMastomysatalensisthe dominant pest speciess estimated for each
threeday trapping session using the M(h) estimator of the program CAPTURE and further
analysisvasperformed using the SAS system (1997). Tukey test was done to compare the
differencesfor mean values for the solil types, habitats and sampling period (months).
Survival and capture probability d¥l. natalensiswere estimated using mukivent
capturerecapture models (Pradel, 2005) iRSERGE (Choqueet al, 2009) such as
goodnas of fit, modelling and recapture estimatd$ie relative home ranges were
estimated using the minimum convex polygon method (MCP) with an inclusive boundary
strip of 5 m (half the length between two consecutive traps) (Stickel, 1954¢).R
packagkabiftaalteHRO , Adpl yr o and AgDp@foothe2 6 w
sex ratio were first checked for normality athén subjected to SAS system (1997) where
fields and months were used as factors.
LeastSignificant Difference method (LS[3s) in order to determine variables with effect
among months anbetweerhabitats. The proportions of new individuals (recruitment) of

M. natalensiswere compared between habitats and across months. The recruitment data
were therefore subjected to two way analysis of variance (ANOVA) using SAS System
(1997). The means separation was done using Tudstymethod taetermine significant

differencebetweemeanvalues.



Data from seedling stage were subjected to two wagdysia of variance (ANOVA)

using XLSTAT 2018.1.49386 software where soil types and habitats were faxctoder

to establish damageMe a n s separation was done usi n
Difference method to determine variables with effect amonigygmes and fields. For the
simulation experiment (maize yield loss), data were subjected to one way analysis of
variance (ANOVA) and Turkejest to determine the effect of damage levé&set

analyses of M. natalensis, data wdomeusing a beta regressi with proportion of diet

as response variable and habitats and seasons as explanatory variables (using the R
package nAbetarego). The dat aM. haiatensismerpr od u
analysed by generalised additive models (GAM) with repradricitatus as response
variable and time (months) and habitats and percentage of diet (vegetative materials and

seeds) as explanatory variables.

In the study siteMastomys natalensisdicated the highest proportimempared to other
speciesn both haltiats and sampling periodResults from thenfluence of soil types on
population dynamics and survival &fl. natalensisin semiarid areas in Tanzania
indicatedhigher numbers in sandy loam (7.82) than in black clay (2.89) soils and higher in
fallow land (40.25) than in maize fields (26.49). Highest rodent density was observed
during the dry season (from June to August) of each year, while the lowest density was
recorded during the wet seasons (February to April) in both halftigtsficantly higher
proportions of reproductivelyactive femalesof M. natalensiswere observed in sandy

loam (mean = 7.93) than in black clay soils (mean = 2.8dyvival of M. natalensis
differed between dry and wet seasons and was lower in clay soils during the wet season
conpared to sandy soilddowever, there were no significant effects with respect to
interactions between soil type and habitat, soil type and month, habitat and month and soil

type, habitat and montf the year



The relative home range s&zef M. natalensiswere significantly higher during the wet
(544 nt+ 25 SE) than during the dry (44718 SE) seasondjigherin males (521 ft

23 SE) than in females (450°m 17 SE) and irnigher inadults (576 rh+ 34 SE) than in
juveniles (459 i+ 16 SE).Sex rato (M:F), was na significanty differert (F1, 110= 0.59

p = 0.44435 between habitats, and there wereimeractioneffectsof months and habitat
on sex rab (Fi1, 119= 1.72 p = 0.0766) The highestsex ratio ofM. natalensiswas
recorded in April (rean = 0.598.06 and lowest in September and Octobavefage
mean = 0.28&.06). Recruitment was significantly different {FR19= 14.34 p = 0.0003
between habitats, itth higher numbers oM. natalensisecorded in maize fiegl(mean,
0.43) than in fabw land (mean, 0.32). A significant differenceiiRi9= 10.17 p <
0.000) in recruitmentwas also observed acrab® months, with the highest recruitment
of M. natalensisrecorded from April to Julyand lowest from October to December.
However, theravere nosignificant interactiorof months and haitatd-11, 119= 1.72 p=

0.0766)effectsin recruitment oM. natalensis

Preharvest loss assessment of maize cropeimiarid areas indicated th#te fieldson
black clay soils had higher damage ofizeaseedlings (mean = 59.201+1.714) than fields
on sandy loam soils (mean = 49.742+1.71Bamagesby M. natalensisranged from
30.17% to 71.91%crosdields. However, there wreno interactioneffect betweermaize
fields and soil types. In the simulatiexperiment, there @reno significant difference(p

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

observed at 75% damage leaedrelativelylower yield losses in the control.

Results of the diet and breeding patseoiM. natalensisn semiarid areas indicated that
vegetative materials and seeds were significantly higher in the dibt. afatalensis

compared with other food materials. There were significant differences in the proportions



Vi

of vegetative materials arseds between seasons (dry and wet), but not between habitats
(fallow and maize fields)A clear seasonal pattern in the proportion of reproductively
active females with peaks in April and troughs in Octobasalso observed. Vegetative
materials were morted to be highest during wet seasand correlated positively with

reproductive activity.

The study has demonstrated the importance of ecology and population characteristics of
rodent pest species with respect to crop damage and yield losses. Bakedfindings

from the study, itvasconcluded thatMastomys natalensisas the most abundant rodent

pest species in the study area comprising greater than 94#dividuals of species
captured Other rodent speciewere captured in low numbersand included Acomys
Wilson, Arvicanthis neumani, Gerbilliscus vicinus, Grammomys dolichurus, Lemniscomys
rosalia, Lemniscomys zebra, Mgigp Rattus rattus, Thallomys poedulcus, Pelomys fallax
andAethomys hindeil' he population abundanac& M. natalensis/aried with soil type and
season/time of the year. The highest population peaduring the dry season (from June

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

Reproductively activeM. natalensisfemalesoccued throughout the yeahowever, the
highest levelvas fromMarchto May and the leastvas fromSeptember to December each
year. Survival of M. natalensiswas higher during the wet season of each year in sandy
loam sois than in black clay sal The relative home range size bf naalensisis
significantly higher during the wet than during the dry season, in males than in females
and in adults than in juveniles. Recruitmevds significantly different between habitats,
whereby a higher proportion 8. natalensisoccued in maize felds than in fallow land.

The highest recruitment &fl. natalensisoccuredfrom April to July andwaslowest from

September to December.
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Preharvest loss assessment of maize crogemtarid areas indicatehigher damagef
maize seedlings ranging fron®.37% to 71.9% in fields on black clay soils than fields

on sandy loam soildn the simulation experiment, theteno significant differenamong
maize damage levels, although relatively higher yield lossesrsat 75%, and lower
yield losses in theantrol. Results on the diet indicateoth vegetative materials and seeds
were significantly higher in the overall diet bf. natalensisascompared with other food
materials.The significant differences in the proportions of vegetative materials and seeds
were observedetween seasons (dry and wet), but not between habitats (fallow and

maize).

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

Farmers should understand the importancdiroting rodentsto fresh vegetative food

(e.g. young sprouting grassRegular and sustainable control operatisisuld be
implemented irtargeting the MarciMay breeding period and recruitmeritM. natalensis

to maintain populatiorsizebelow economic injuryevels. They should also be encouraged

to protect mai ze fields from rodentsd da
cultivation practicesearly seed sowing, proper seed coveresyly harvesting and proper
sanitation around crop field¥hese practicewill reducetheir recruitment, home ranges,

breeding and population increaseMfnatalensis

It is important, however, to train smdiblder farmers, village leaders and Agricultural
Extension Personell on biology and ecology of rodent pests so that thelatean
differentiate them from other vertebrates that may cause damage in their crop fields.
Consequentlyputreach staff (Mlage Exeutive Officersand Agricultural Field Officers)

are advised to work hand inand with smaltholder farmersin order to ensre good
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transfer of new knowledge and skills used for rodent pest control (ecologiceihd
rodent management strategiesining atsignificantly reducing rodent pest populations,
breeding, home ranges and recruitment. The villages shouldestict hemselves to
rodenticide application, because no single pestmanagement strategy can work

effectivelly in all managed or natural ecosystems.

More studesarerequired especially during rodent outbreaks to substantiate with scientific
proof the smatholde r farmerso knowledge that bl

population.

ac
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CHAPTER ONE

1.0 GENERAL INTRODUCTION

1.1 Maize Production

Maize ea maysL.) is the second important staple cereal food crop after wheat
worldwide (Dugjeet al, 2014). Itist he wor |l dés most abundant |
an annuaproduction of over 870 million metric tons (AbelRhman 2015) United States,

China and Brazilare the top three maizeroducing countries in the world, producing

approximately 563 million metric tons per year (Rareiral. 2014).

The averagegield of maize in most African countries is about 1.6 tons/ha, which is much
lower compared tthe world average yield of 5 tons/familet al, 2012).In East Africa,
about15 million hectaresredevoted to maize cultivation, with an average produaatibd

28 million tonne{FAOSTAT, 2013).

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

as a key crop to enhance food production, income, poverty alleviation and food security
(HomannKee et al, 2013). More thamalf of cultivated land in Tanzania is allocated to
cereal crops (FAOSTAT, 2014) amlabout four million hectares producing five million

tonnes of grains (FAOSTAT, 2013Ylaize is being grown all over the country but more
intensively inthree main agr@&cological zones; the southern highlands (Iringa, Njombe,
Mbeya, Songwe, Ruvuma, Rukwa and Katavi regions), the lake zone (Mwanza, Simiyu,
Mara, Geita and Kagera regions) and the northern zone (Arusha, Kilimanjaro, and
Manyara regions) (Suleiman and Rosatdr, 2015). Itwas reported that the southern
highlands are the largest producers of maize and-sad | ed the fAbread

account for over 45% of the total annual maize produdtiohanzania(USAID, 2010).



The cultivation of this crop is undertak almost exclusively by smadtale farmergthere

are exista few largescale farmers operating in 750 farms countrywide (SAGCOT, 2010).

1.2 Constraints of Maize Production

The increase in maize productivity however, hat kept pace with increase demand
(Midegaet al.,2016) Maize productiorparticularlyin the savannas is faced with several
production constints which limit productivityand these include; poor soil fertility,
drought, andpestswhich can reduce oefarm yield by over 70%, evewith the use of
high-yielding varieties (Oikelet al, 2003).Weberet al.(2012)termed theseonstraintsas
abiotic (nutrient deficiencies, environmental conditions, agronomic, logistic or social
problem$ and biotic stressegvertebrate and invertebratgests, disease pathogens,

nematode and weeds

Among biotic stressesre rodent pest species that reportedly cause severe damage to
crops and are responsible for an estimaeerage annual yield loss of 5% to 15% in
maize Makundiet al, 199) and tlkeselossescould feed over two million people(Leirs
2003).Further morerodent pest specieontribute to high losses in terms of quantity and
guality due to their consumption and contaminatias,they cause direct damage and
spoilage to stored food wittheir droppings, urine, saliva and hair, which leads to
deterioration, potential disease transmission and enhances susceptibility of the grain to

fungal and bacterial infestations during storage (Mdahgi.,2013; Gregory 2002).

1.3 Rodent Damage m Maize
Dramatic rodent outbreaks have been reported in many developed and developing
countries where intensive and extensive cultivation of agricultural cr@asagor activity

(Fayenuwoet al., 2007). Most rodent species are known for their troublesamature to



man and are noxious pests of agriculture, which damage over 30% of the produced food,
globally (Takele, 2006)in South America for instance, rodents cause arasging from

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

due to damage by rodents range from D% and during rodent outbreaks the damage
can increase frori4 - 100% loss (Fayenuwet al.,2007). According toMeheretuet al

(2010), 92.1% oftmaltholder farmersn Ethiopiareportedroderts as the main pests in

crop fields andB8.5% instorage Pre-harvest maize damagwasbeen reported to range

from 17 - 82% in some locations and seasdnsTanzania (Mulunguet al, 2003)
According toMwanjabeet al. (2002) smaltholder farmers in diffrent areas and locations

in Tanzania have reported chronic rodent dammafjever 80%sometimes

1.4 DemographicCharacteristics of Rodent Pest species

1.4.1 Rodent population changes

Rodents succumb to starvation, predation, disga®wning andother accidents, and
various other mortality factors (Witmer, 2007). Application of chemical rodenticides
available on the global market is used to lower rodent pest popuslédBomgletonet al,
2005). In Morogoro Tanzania, studies show that land prepan methods were an
important factor influencing the population densityMdistomys natalensis crop fields
during cropping seasons (Massawt al., 2006). Variations in reproductive activity,
particularly the onset and termination of the reprodugbgeod affect recruitment and
survival, which are key factors in population dynamics (Maketdil, 2005).Granjonet

al. (2005) observed a positive relationship betweemtradity (duration, distributiomnd
total amount of rainfall) of the rainy seags) and reproductive success in populations of

Mastomysspp via the quality or quantity, or both, of available food.



1.4.2 Breeding seasonalitgnd sex ratioof rodent pests

Rodent reproductive patterns follow seasonality, in relation to variatioranfall, and

reach peaks at the end of the rainy season when resources are plenty (Véor&heh
2006).Mastomys natalensis irrigated rice cropping systems has been reported to breed
throughout the year but with a highdsteedingpeak during the ri grain maturity
(Mulunguet al, 2013).Reproduction ighereforethe most vital source of recruitment that
influences the population density of rodent¢ofknehet al, 200§. Females' social status
affects its litter's size and sex ratio, whgrdigh ranking mothersige birth to larger and

male biased litteréSzencziet al, 2013) Seasonal changes in infant mortality (due to
starvation, floods, diseases) would also produce seasonal changes in the proportion of all
females pregnant, even if the profion of adults pregnant were constaBtxton, 193§.
Breeding activities oM. natalensishave been reported to be triggered dgrgenplant
materials due to the chemical compound or a secondary plant compound called 6
methoxy2-benzoxazolinone (IBOA), originating in young sprouting plant or grass
with a labile precursor formed enzymatically from a glucoside when the plant tissues are

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

1.4.3 Homerange of rodent pests

Homerange of small mammals can vadye to intrinsic factors, including breeding
activity and population densitgnd extrinsic factors including food availability and
vegetation heightvhich also have a strong influence (Jegtsal, 2003). In Tanzania,
studies conducted in irrigated ricelfis showed that adult rodents had larger home ranges
than sub adults in fallow fieldsalthoughno differenceswith the studiedrice fields
indicating that fallow fields are more suitable for breeding (Muluegal, 2015a). Male

and femaleM. natalenss home ranges do not seem thffer and sexually active

individuals of both sexes were reported to have larger home ranges, indicating that



movemens were driven by food availability (Mulunget al, 2015a). Therefore, itwas
necessary for the reproductly active individuals to acquire more food in order to

achieve enough energy and succeed in sexual competition.

1.4.4 Rodent survivaland recruitment

Many rodent pests survive and reproduce successfully under a fluctuating environment
(Mulungu et al, 2013). When conditions change, they can modify their behaviour to suit
the new conditions (Mulunget al, 2015b). Recruitment and survival of rodents can differ
between agr@cosystems as described by Massaweal (2005), who reported that
recruitmentand survival ofM. natalensiswere higher in slash and burn, compared to

tractorploughed maize fields.

In bimodal rainfall pattern, high quality and abundant food during the cropping season has
been reported to result in faster growth and better surfovavl. natalensis,indicating

that favourable environmental conditignsuch as enough rainfall, has been associated
with an increase in rodent population densities (Yatésal, 2003), as they supported
survival, reproductive success, and recruitmedaliher et al, 2005). Variations in
reproductive activity, particularly on the onset and termination of the reproductive period,
affect recruitment and survival, which are key factors in population dynamics (Madundi
al., 2006).The highest percentagd recruitment could be related to the greater number of
immigrants from agricultural areas as a result of disturbances after héksingu

et al.,2015a). Similarlycould also be related to the cultivation and harvesting process in
the feld and to the opportunistiestrategic population growth of these rodents (Workneh

et al, 2006).



1.4.5 Rodentmanagement strategies

Rodenticide application is an important tool in rodent damage management, bgndpid
large-scale populaon reduction (Witmer, 2007). This reduction, however, is stesrh

and there is a growing conceon the environmental hazards and safety issues associated
with rodenticide use (Jackson, 200Management strategiea Tanzaniahave been
reactive and el to manage rodents locally in a certain area (Mulwtal, 2010). The
control of rodent pests usingdenticides affects both pest and beneficial wildlife species,
and is usually inappropriate and cost ineffective in sswdle subsistence agriculur
(Taylor et al, 2012). In recent years, there have been new developments in rodent pest
management which includes a system designed to provide early warning of rodent
outbreaks (Mulungwet al, 2010). This managemesystemhas focused on the biology

and ecology of rodent pests and has involved strategies that are more sustainable and
environmentally benign, as well as having the positive impact on livelihoods through

improving the income and health of rural communities (Singletat, 2010).

The sysem is based on rainfall variability that could be used in rodent management
strategy where temporal fluctuations in rodent numbers and breeding activity could be
monitored in different location and rainfall regimes (Leirs, 1994). It is obvious that
breediry peaked towards the end of the main rainy season and continued into the dry
period. When the short rains of Octofdanuary happen and being abundant and well
distributed, reproduction started earlier and rodent numbers increased faster and being

active h main breeding season (Mulungual., 2010).

These two populations will result into rodent outbreaks in next year (Leirs,.1984%
also ben considered as the principal rodent pestnagement optignpromoted for

developing countries (Wood and F&903). ConsequenthBorremanset al (2014) and



Singleton et al. (2003) have considered this management method as economics of

particular ratcontrol strategies in developing countries.

1.5 Justification of the Study

The impact of rodents in manyeas ofTanzania is significant both in agriculture
(Mulungu et al, 2003)and public health aspects (Katakwedtaal, 2012). Rodents eat
sown seeds before seedling, damage the foliage of the plants and pave the way for entry of
other organisms such as @linviruses and insects, which additionally retard plant growth
and lower maize yields (Skonhadt al, 2006).Consequently, in Tanzaniamaltholder
farmers consider rodents to be the major vertebrate pests of onaesspecially at
planting and sedithg stages and during this time, annual losses are Mgkundiet al,

2005) Most of the studies on rodent damage in Tanzania have foounsatkas having
bimodal rainfall patterns (Mulunget al, 201%;, Mulunguet al, 2014;Borremanset al,
2014;Mulunguet al, 2013; Sluydts, 2009; Skonhddt al, 2006; Massawet al., 2005;

Leirs, 2003). IntheseareasM. natalensis was the dominant rodent pest species,
comprising of more than 60% of animals capturdtiastomys natalensishowed
contiruous breedhg in irrigated riceand extended breeding was observed in maize fields
in areas wheremalltholderfarmers produce two maize crops per ydanl(ngu 2017). It

was observed that constant supply of water in the irrigated fields allows for continuous
availability of young green vegetation with germinating crop and weed sesitsh

sustains the roden{Mulunguet al., 2014).

In Iringa region, specifically, Ismani division, which experiences a unimodal rainfall
pattern(semtarid area), few studies have ba done on rodent population characteristics,
although serious rodent population outbreaks and damage to maize have been reported

(Tesha, personal communication, 201%)has been observed thatnallholder farmers



manage their fields usingpdenticides lgowo et al, 2005) However, rodenticides used

in this way are neither economical nor ecologically sustainable since are often applied
after damage has already occurr&@kdgnhoftet al, 200§. Successful management of
rodent populations depends upon correct identification of the rodent species involved and
requires information on the population characteristics of the pest species in the ecological
setting where they arlund (Tobin and Fall, 2001).ack of such information hinders
plaming for effective ecologicalpased rodent management (EBRM). There was
therefore, the need to study the ecology and population characteristits ddbminant
rodent pest species in shéemtarid area with unimodal rainfall patterns as a basis for

effective EBRM strategies.

1.6 Objectives

16.1 Overall objective

The overall objective of this study was to genekatewledge- base on the ecology of the
dominant rodent pest specias Ismani division, Iringa, Tanzania, for improved maize

crop productivity.

1.6.2 Specific objectiveswere to:
i. Identify the rodent species affecting smalder agricultural communities in

Ismani division

ii. Investigate the populationcharacteristics(i.e population dynamics, breeding
patterns, survival, home ranges, sex ratio and recruitroétie dominant rodent

pest species in Isimani divisipn

lii.  Determinethe preharvest loss of maize crop semiarid areas in Tanzania due to

rodent pestsand,


http://scialert.net/fulltext/?doi=jbs.2010.333.340&org=11#128448_ja

Ilv.  Establish relationships between seasonal changes in digteoflominant rodent

pest specieand its breeding patterns in seamnid areas in Tanzania
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Abstract

Rodent population dynamics and survival in samd areas of Tanzania were investigated

in fallow land and maize fields (land use) and swd types (sandy loam and black clay).
CaptureMark-Release (CMR) methods with four 60 m x 60 m trapping grids, (two in
maize and two in fallow mosaic fields) were uskthstomys natalensisomprised >94%

of the total captures, and the remaining six petaccomprised 11 other small mammals
species. The number df. natalensisvas higher in sandy loam (7.82) than in black clay
(2.89) soils and higher in fallow land (40.25) than in maize fields (26.49). Highest rodent
abundance was observed during the @&assn (from June to August) of each year, while
the lowest abundance was recorded during the wet seasons (February to April) in both
habitats. A gnificantly differentproportion of eproductivelyactivefemaleM. natalensis

was observed in sandy loam than black clay soils. It was observed that femislle
natalensisare found to breedlmost throughout the year. Survival M. natalensis
differed between dry and wet seasons and was lower in clay soils during the wet season
compared to sandy soil$loweve, there were no significant effects with respect to
interactions between soil type alahd use soil type and montHand useand month and

soil type, land useand month Management strategies should therefore, be aimed at
emphasizing the importance airgjeting the MarciMay in order to interrupt reproduction

and young rearing.

Key words
Soil types, land use, population dynamics, survi\Mdl, natalensis semiarid, pest

management
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1 Introduction

Rodents are among the most serious threats to foaigiion worldwide (Stensettt al,

2003) and major pests in cereal grains, causing both qualitative and quantitative damage
(Mdangiet al, 2013). Damage to stored maize in developing countries can reach up to 35
% and even higher in certain cropping sessduring rodent outbreaks (Mdarggi al.,

2013). Rodents alsplay a role as reservoirs of human and animal diseases such as plague
in Karatu, Mbulu and Lushoto districts (Kilonzt al, 2006), leptospirosisin various

areas in Tanzania (Mgodst al., 2015) and can act abe vector of several zoonotic
diseases including lassa feyvehemorrhagic fever, lymphocytic choriomeningitis,
leptospirosis, scrub typhus, toxoplasmosis, murine typhus and Lyme digedskweba

et al, 2012;Meerburget al, 2009).

Rodent outbreaktead to severe food shortages, affecting highly vulnerable and food
insecure families (Singletoet al, 2010). In Tanzania, rodent outbreaks were recorded as
early in 1912 in the Rombo district in Kilimanjaro region (Mulurggal, 2011), with the
Multimammate rat Nlastomys natalengisbeing the most encountered species in most
outbreaks across the country (Mulungiual, 2011; Mwanjabeet al, 20®). Population
irruptions of this rodent species have caused yield losses of up to 48%, and during severe
outbreaks damage can be even more than 80% at sowing and seedling stages in maize
(Mulungu et al, 2003;Mwanjabeet al., 2002. In the Isimani divison of Iringa region,

serious rodent outbreaks and severe damage to maize crops have been occurring in the
past 20 yearéTesha, P. personal communication, 20Eaymers in these areas (practicing
multiple cropping of maize, sunflower, vegetables and rolgguminous crops) reported
rodents as among major constraints in crop production. It is believed by farmers that areas
with black clay soil experience more severe rodent outbreaks as compared to areas with

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


http://scialert.net/fulltext/?doi=jbs.2010.333.340&org=11#529312_ja
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Most studies revealed that rodent populations can be influenced by factors such as
vegetation covering (Meliyoet al, 2014), food availability (Busclet al, 2000;
Mlyashimbi et al., 2018), topography and slope gradient (Wilsehat.,, 2012), soil and
microclimate (MantillaContreas et al, 2011). Indeed, according to Wilschat al
(2012), soil type has a significant influence on the spread and abundance of rodents. More
specifically, the soil microclimate, which is a function ofl $gpe and micregeographical
features, is an important parameter influencing the distribution of rodent burrows
(Massaweet al, 2008). In addition, climatic variables affecting soil properties may change
the suitability of an area for rodent species ¢kfr et al, 1977). Thus, factors that
influence burrow structure could ultimately determine the impact a burrow has on soil
processes in an arebaQindréand Reynolds, 1993).08 type, temperature, moisture and
organic matter determine the distributicapundance and diversity of rodent species
(Massaweet al, 2008) and population growth ®fl. natalensisin agricultural farms
(Meliyo et al, 2015) For examplejn the Mediterranean regiamme of the major factors
affecting rodent burrowing is soil watemontent since it directlinfluences density,
cohesiveness, and shear strength of a givenlsimy( 2015). According td/erheye and

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

dry seasondn this study, tk aim was to generate scientific knowledge on the influence of
soil types on the population dynamics and survofdyl. natalensisn semiarid areas of
Tanzania where farmers claimed that the population is higher in black clay soils during

rodent outbreakas compared to other soils.

The study area has been reported to dama:¢
from 3071% (Mlyashimbiet al, accepted).Understanding which soil influences the
population dynamics of rodent pest species resmiey focus that provides vital insight

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

development of pest management stratefgiesodent pest species.

2 Materials and Methods

2.1 Study Area

This study was conducted isimani divisionin Iringa region, Tanzanialhe area is
located between 35° 16' 13" m E and 35° 56' 56" m E and 8° 8' 14" m S and 7° 13' 68" m

S, coveringat anelevation ranging from 10781356 m above sea leviig. 1).

IRINGA DISTRICT

TANZANIA

To Dodoma

h 4
| STUDY AREA

Myang'oro ward

@ hMaize Tield2
@ F allow land 2

ISIMANI

Kihorogota ward
Idodi ward

Maize fieldl g
Fallow land1 @&

Mduli ward

Legend
L 3 Study sites

eeeee

Figurel. Location of study sites ilsimani division, Iringa region Tanzania

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

through May with clear drgnd wet and the mean annual precipitation ranges from 200 to
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750 mm/yearlt is characterised by low erratic rainfall and periodic droughts giving it a
semiarid nature where precipitation is below potential evapotranspiréBiotih seasons
were subdividd on the basis of the rainfall aegapotranspiration relationshipto three

sub seasons (Fig. 2).
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Figure 2. Water balance typical for Isimani area in Iringa, Tanzania (day one is equal to
15t of July). Source: Courtesy tGhidodo (2017)

Key: SD = Sart of dry season, MD = mid of dry season, ED = End of dry season, SW = Start of
wet season, MW = mid of wet season and EW = End of wet season

The dry season care divided into three sukeasons namely: start dry, mid dry and end

dry subseasons. Thetart dry sub season is from May to July while, mid dry is from
August to September and end dry s#ason lasts from October to November. The wet
season is divided into three sub seasons namely; start wet, mid wet and end wet sub
seasons. The start wetfiem December to January while, mid wet is in February and end
wet subseason lasts from March to AprilThe area is dominated by mosaic of fallow
lands and agricultural fields with maize as a major chaize crop reaches physiological

maturity betweemMay and June and is harvested startiinguly to August.
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2.2 Soll Types and its Characteristics
In the study sites, soil characteristics, colour and types have been described and mapped as

shownin Table 1.

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

Isimani division, Iringa region, Tanzania

Coordinates Field Soil texture  Soll Soail Sail
colour  drainage crack
803822 9157884 Fallowl Sandyloam Brown  Moderate No
805626 9157085 Maize 1l Sandy loam Red Well Yes
803852 9165911 Fallow?2  Black Clay Black Moderate Yes
805452 9168620 Maize 2 Black Clay Black Poor Yes

Source: Chidodo, 2017

The rodent population and survival in each grid was calculated and determined based on
available data of soil prapties. Soil properties have different effects on the species of
resident small mammals (Laundre and Reynolds, 1993). Rodent trappirgamiad out

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

2.3Rodent Trapping

CaptureMark-Release (CMR) methods were carried out from February 2015 to January
2018.A four 60 m x 60 m trapping grids of which first two in maize fields (one in clay

and other in sandy loamy soils) and the other two in fallow land in similar soils ae mai
fields. Grids were |l aid and set i nEa¢ha me r s
grid consisted of seven parallel lines, 1@partand seven trapping stations per linem0

apart (a total of 49 trapping stations/grid). One Sherman LFA live(&ap9 x 23 cm, H.

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

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

early in the morning.

2.4 Data Analysis

2.4.1Small mammal species composition

The percentages of each species relative to others were calculated by dividing the number
of captured individuals of each species by the total bmmof captured animals in a

particular habitat and multiplied by 100.

2.4.2Population size estimation

The population size was estimated for each tdage trapping session using the M(h)
estimator of the program CAPTURE. Further analysis was deimg the SAS System
(1997) for two ways ANOVA (habitats and soil typem)d comparison of significant
differences of mean values for effect of soil type, habitat and sampling period (month) was

done by means separation test using the Tukey test method.

2.4.3 Survival

For the CMR analysis we decided to focus onlyMbmatalensissince this was the most
dominant species. The dataset consisted of 4311 captures of 1635 Mniga&lensis
individuals. Survival and capture probability f natalensiswvere estinated used muki

event captureecapturenodels (Pradel, 2005 inEURGE; Choquett al, 2009).

2.4.4 Goodness of fit
A goodness of fit (GOF) test was carried out with the progra@ARE to evaluate
potential confounding factors such as an excesso$ignce animals and trappendence

(Choquetet al, 2009; Pradedt al, 2003). The GOF test showed that there was an excess
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of transient individuals in this dataset (see results), which are individuals that were
captured only once during one secondaptare occasion. These individuals were (most
likely) not reencountered because they moved outside of the trapping grid, and not
because they died shortly after release.] Since we were interested in survival and capture
probability of only resident animslwe decided to remove all transient animals (N = 755)
from the dataset (Sluydegs al, 2007). Additionally, the GOF test showed that trapped
individuals were trap happy, meaning that the capture probability of individuals captured
in the previous sesgiowas higher than those that were not captured in the previous trap
session (see results). We implemented the awaagvare method, described by Pradel

and SanzAguilar (2012) to correct for trap awareness.

2.4.5 Modelling

Survival and capture probalbyli of M. natalensiswere estimated using mukivent
capturerecapture models (Pradel, 2005 irSERGE; Choqueet al, 2009). Multievent
models are an extension to classic captemapturemodels (Lebreton and Pradel, 2002)
where the number of statesncée greater than the number of events. This allowed
incorporating detection heterogeneity into the models (Pradel and/Agauiiar, 2012). As
mentioned before, trapping was done usin
population is assumed to blesed (i.e. no entry or exit of individuals into the population)
within each trap session and open between trapping session (Pollock, 1982). However, it
was hard to fix survival probability within each trap session to one. An initial set of
models were rumo test whether sex impacted on survival. The best model did not show
survival varying by sex (Mulunget al, 2015), and hence all further analysis combined
the sexes.We ran 20 models (Table 4) where survival was allowed to differ between the
two habitts (fallow land and maize field), soil type (sandy or clay), among all four fields

or no difference at all. Survival in each of these four main models was allowed to vary
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between seasons (dry and wet) and sub season (start dry/wet, mid dry/wet, entd dry/we
subseasons) and with time dependence over the three years. Since variation in survival
probability is the main focus of this work, we decided to use the same capture parameters

for each model.

Similarly, the capture probability was allowed to diffeetween; (i) trap aware
(individuals that were trapped in the session before) and trap unaware individuals (those
that were not captured in previous trap session), to account for the trap dependence, (ii)
between the four different fields, since initial netlthg showed that these models fitted
the data more closely (i.e. |l ower Al C) .
criterion (AIC) (Burnham and Anderson, 2004), where the model with the lowest AlCc
value was the best fit for the data. Whher &2Al Cc (t he di fference i

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

3. Results

3.1 Species composition

A total of 2501 rodent individuals and 44 shrews were captured in the study area. The
rodent species captured weké natalensis, Lemniscomys rosalia, Gerbilliscus vicinus,
Arvicanthis neumaniThallomys paedulcusAcomys wilsoni, Grammomys dolichurus,
Pelomys fallax, Lemniscomys zebra, Rattus raftliss minutoidesand Aethomys hindei
(Table 2). Mastomys natalensi€omprised the highest proportion (>94%) of small

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

study area
Field types

S/no Species @pped Fallowland 1 Maize field 1 Fallowland 2 Maize field 2
Number Number Number Number

1  Mastomys natalensis 1 215(94.40%) 410(96.93%) 620(94.66%) 172(95.%5%)
2 Acomys wilsoni 0 (0.00%) 1 (0.24%) 0 (0.00%) 2 (1.11%)
3 Arvicanthis neumanni 38 (2.95%) 3 (1.71%) 11 (1.68%) 0 (0.00%)
4 Crociduraspp 12 (0.93%) 6 (1.42%) 24 (3.66%) 3 (1.67%)
5  Gerbilliscus vicinus 9 (0.70%) 1 (0.24%) 0 (0.00%) 0 (0.00%)
6 Grammomys dolichurus 3 (0.23%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
7 Lemniscomys rosali 3 (0.23%) 1 (0.24%) 0 (0.00%) 2 (1.11%)
8 Lemniscomys zebra 2 (0.16%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
9 Mus minutoides 0 (0.00%) 1 (0.24%) 0 (0.00%) 0 (0.00%)
10 Rattus rattus 0 (0.00%) 0 (0.00%) 0 (0.00%) 1 (0.56%)
11 Thallomys paedulcus 1 (0.08%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
12 Pelomys fallax 2 (0.16%) 0 (0.00%) 0 (0.00%) 0 (0.00%)
13 Aethomys hindei 2 (0.16%) 0 (0.00%) 0 (0.00%) 0 (0.00%)

Total 1287 (100%) 423 (100%) 655 (100%) 180 (100%)

3.2 Population Dynamics

SinceM. natalensiconstituted the species captdiie the highest proportion in both land

use (maize fields and fallow land) and sampling period (months), subsequent analyses
were carried out based on this species. Thereavggnificant difference (Fos= 30.67, p

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

M. natalensiscompared to black clay soil (mean = 28.58). Similarly, a significant
difference was observed by monthsi(ks= 3.80, p = 0.0002) whereby the population of

M. natalensiswas higherfrom Juneto August each year and lowest in March and April.
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Significant differences were recorded between land uses(® 0.94, p = 0.0001) where

population in fallow land (40.25) was higher than in maize fields (26.49) (Fig. 3).
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Figure 3. Population abundance/0.5haMf natalensisaptured in two land uses in the

study area of Isimani division, Tanzania

However, there were no significant effects with respechteractions between soil type
and land use (F9s= 0.43, p = 0.52), soil pe and month (fr, 9s= 0.90, p = 0.543), land
use and month ¢k, os= 0.53, p = 0.879) and between soil type, land use and moritles(F

=0.19, p = 0.980pver the study periad

3.3Breeding Patterns

Significant differences were observed between sgk (R, 95 = 16.97, p = 0.0001)
whereby sandy loam (mean = 7.93) had a higher number of reproductively active female
M. natalensiscompared to black clay soil (mean = 2.97). Significant differences were
observed between land use,ds= 0.01, p = 0.001) whereby fallow land (mean = 10.99)

had a higher number of reproductively active femdlenatalensiscompared to maize

fields (mean = 7.79). Similarly, a significant difference: (5= 0.50, p = 0.0001) was
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observed across month, where more repcbodely active female individuals were

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

(Fig. 4).
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No significant difference was observed on the interactions of soil type and menth£F
2.37, p = 0.17), land use and monthi(ks = 1.95, p = 0.42), between land use, (6=
0.56, p = 0.4581) and among the interaction of soil type and land yseXf.50, p =

0.48) and between soil type, land use and monthdd= 0.26, p = 0.99

3.4 Survival of M. natalensis

3.4.1Goodness of fit

The GOF test showed strongvidion against the assumption on transience (TEST 3.SR
one sided t eg%239 df=105, p @ ®001panctregeperalence (TEST

2 . C%s5 452df =105, p < 0.001, animals became 4rappy). There were 46% of.
natalensistrapped only one and were subsequently deleted from the dataset. Removing
the transience individuals removed the transience effect (TEST 3.SR one sided test for
t r ansf =238 af =698, p = 1); however, the deviation against-tigpendence
remained in the datasef € ST 22 =Q@8&4,df =405, p < 0.001), i.e. animals became
trap-happy after being trapped. We corrected for this-tleypendence bgreating two new
states: trap aware (previously trapped) and trap unaware (not trapped in previous session)

both with a diferent capture probability as described by Pradel and-8guo#ar, (2012).

3.4.2Modelling

From all the 20 models we ran, the four highest ranked models (with the lowest AlCc) all
supported variance in survival probability between-sed@sons which vad over the

three years (Table 3). The next four models had the same time dependence over the two
different seasons (Table 3). This suggests that survival probability differed between the
seasons and between the three years. The model that best fiteatagwith the lowest

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

(black clay and sandy loam) and varied betweenssaisons over théree years.
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We found no support for differences in survival mbitity between the twdand use
types, or between the four fields separately. Survival probability.ofatalensisin the

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

Table 3.Model selection results of the 20 models. Mo@aés ranked on the AICc from

low to high

Model Suvival Np Deviance AlCc gAICc
1 Sub season x year x soil 41 11755.54 11838.54 0
2 Sub season x year 23 11798.28 11844.6 6.06
3 Sub season x year x habit. 41 11767.91 11850.91 12.37
4 Habitat

Sub seaon x year x field 76 11704.06 11859.49 20.95

5 Season x year x soil 19 11837.98 11876.2 37.66
6 Season x year x habitat 19 11839.26 11877.48 38.94
7 Season x year X field 33 11811.79 11878.44 39.90
8 Season x year 12 11857.21 11881.3 42.76
9 Season xoil 9 11864.8 11882.85 4431
10 Season x field 13 11857.32 11883.43 44.89
11 Sub season x field 29 11831.07 11889.57 51.03
12 Sub season x soil 17 11856.64 11890.82 52.28
13 Season x Habitat 9 11878.93 11896.99 58.45
14 Season 7 11884.32 11898.36 5982
15 Sub season x habitat 17 11867.14 11901.32 62.78
16 Sub season 11 11879.94 11902.02 63.48
17 Soll 7 11973.41 11987.45 148.91
18 Habitat 7 11973.48 11987.51 148.97
19 Field 9 11970.14 11988.19 149.65
20 Cte 6 11976.39 11988.41 149.87

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

( Np) , devi ance a&lCdis thd diffarenae in AlICghetwe=m the curent model and the top

ranked one. For each model, we used the same capture probability, which differed between the four fields
and between trap aware and unaware indaiisl

In the first wet season in 2015 the survival probabilities were the same pattern as in the
second wet season as well as in the third wet season in 2017 (Table 4). However, survival
probability in the last wet season was similar between the twaypei in 2017, but the
standard error in the clay soil was extremely high. Within the dry seasong/al

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

soil types were similar but switched during the middle and end of the first dry season
(Table 4). At the start and middle of the second dry season (2016) survival probability was
similar for both soil types but survivakdreased at the end in the sandy soil. In the last
dry season, survival probability in sandy soils was higher at the start than clay soils, but
lower in the middle (Table 4). At the end of the last dry season survival was similar

between the fields (Tabk).

Table 4:Survival probabilitiesriean £ standard erroof Mastomys natalensia different

seasons and soil types

Year Season Soil type
Sandy soil Clay sail
2015 MW 0.89 £0.09 0.79£0.13
MD 0.69 £0.04 0.81 £0.05
EW 0.62 £0.06 0.42 £0.09
ED 0.72 £0.05 0.53£0.06
SD 0.79£0.03 0.83+0.04
2016 SW 0.56 £ 0.06 0.38 £0.10
SD 0.79£0.04 0.81 £0.05
MW 0.88 £0.04 0.88 £ 0.04
MD 0.88 £0.04 0.88 £ 0.04
EW 0.78 £0.06 0.71£0.12
ED 0.75+£0.04 0.91 £0.04
2017 SW 0.63£0.5 0.69 £ 0.49
SD 0.87 £0.04 0.71+£0.09
MW 0.39 £ 0.08 0.36 £0.12
MD 0.65 £ 0.06 0.88 £0.10
EW 0.51 £0.07 0.26 £ 0.09
ED 0.77 £0.07 0.77 £0.16
Key: SD = Start of dry season, MD = mid of dry season, ED = End of dry season, SW = Start of we

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

3.4.3Recapture estimates

Each model was run with the same recapture structure. From the final model, it was found
that trap aware individuals (those were caught at tithehad a higher captermrate than

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

aware = 0.40 = 0.01, unaware = 0.25 + 0.01; maize and sandy: aware = 0.41 + 0.02,
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unaware = 0.25 £ 0.01; fallow and clay: aware = 0.51 £+ 0.01, unawau@4=t 0.01 and

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

Based on the best model, the survivaMbfnatalensisvas significantly different between
land useand time. However, the survival M. natalensisvas not significantly different
between maize field (average = 0.68) and fallow land (average survival = 0.63) over time,
and between sandy loam soil (average survival = 0.65) and black clay soil (average

survival = 0.64).

4 Discussion

In the current study area, the rodent populatiomgurad were dominated bdylastomys
natalensis This dominance is consistent with previous studies by Mulugigal (2014);
Mulungu et al. (2013) and VibdPetersenet al. (2006). Results in the current study
revealed that population density was higher ilova land comparedo maize fields,
indicating that fallow landencourages more rodents to reside in the relatively densely
vegetation covered siteKl(everet al, 2016. Similar results had been reported by Leirs
et al (1997), who studied spatial dynas and breeding patterns bf. natalensisand
showed higher densities in fallow land compared to maize fieldas also reported that

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

grasses (Mulungat al, 2013).

Theresults also showed that the population was higher in fallow land compared to maize
fields. This is similar to the findings by Mulungt al. (2013) in bimodal rainfall patterns

in irrigated rice where it was observed that population was higher in to&v fidnds
compared with rice fieldThe current study area recorded extended breeding patterns of

M. natalensisfrom January to October with highest peaks of reproductive activity
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occurring in April and MayDuring this time, rainfall seemed to play a siganfluence on

the reproductive activity triggered by secondary compounds obtained from young
vegetative materials when the animals have consumed. It was reported that green plant
food (vegetative materials) induces breedingvin natalensisdue to the prsence of a
secondary plant compoundngethoxy2-benzoxazolinone (6ABOA) which originates in

young sprouting plants or grasses with a labile precursor formed enzymatically from a
glucoside when plant tissues are crushed (Klun and Robinson, 1969). Agcdodin
Makundi et al. (2007) reproductive activity in tropical rodents has conventionally been
related to rainfall. Other studies in Africa have also linked reproduction of rodents with
rainfall (Achiganet al, 2003; Workneh, 2003). Results from the cursody indicated

that reproductively active and inactive femade natalensisnvere present throughout the

year. This was probably due to the revealed observation on Normalised Difference
Vegetation Index (NDVI) from the same location of the study (sandi areas) that
reported to predict rodent abundance and compares better with field measured rodent

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

The current study indicated that the best model had soil type in it, meaning that there was
a difference in survival between the soil types, but not the land use. It Sesrssarvival

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

This could be due soil cracks that inhibit rodent movemettairrain watedoes not flow
through clay soils as easily when compared to sandy soils that enable movement and easy
burrowing for rodents. In the dry season it is unclear. Previous studies have indicated that
the rates of survival and recruitment are necessary comigpné models that describe

and explore the changes of animal population size (Mul@tgal, 2015). According to

Mlyashimbi et al (2018) observed thad#l. natalensisin semtarid areas have a longer
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period of reproductive activity compared with otheratens in Tanzania with bimodal

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

Our results also showed that the populationMof natalensisin the sandy loam was
significantly higher than in black clay soils. The reason for lower popuolatimndance of

M. natalensisn black clay soils was probably due to wide and deep cracks formed during
extensive dry period that restricted movement and burrowing for this species and thus,
providing plentiful shelter opportunities and the potential tppsut high densities of
native predators such as bush c@teptailurus serval)and snakes which predate on
rodents. Similar observation by Massagteal (2008) reported thabdents prefer loam
textured soils with a high percentage of sand, which areatly better than clay soils for
burrowing and nesting, particularly in the rainy season (Massava¢, 2008).Survival

rates ofM. natalensiswvere higher in the rice fields compared with fallow land (Mulungu

et al, 2013. In the other hand, Pavey al. (2014) observed thédseudomysustralisare
favoured by clay soils when form wide and deep cracks over an extensive area which

provide plentiful shelter opportunities and result high densities.

5 Conclusion

Mastomys natalensis the most abundant redt pest species in the study area and its
population abundance varied with soil type and season/time of the year. The highest
population peak was observed during the dry season (from June to Qetothdowest
during the wet season (in February to AprifemaleM. natalensiswere reproductively

active throughout the year, although reproduction reaches the highest level in March to
May, which corresponds to the long rainfall, suggesting reproduction is highly influenced
by rainfall. Survival of M. natalersis was higher during the wet season of each year in

sandy loam soil than in black clay sdilowever, no significant difference was recorded
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between survival rates d¥l. natalensisin land use with time. Management strategies
should, therefore, be aimet emphasizing the importance of targeting the Mavtdy in

order to interrupt reproduction and young rearing.
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Abstract

Investigation of home ranges, sex ratio and recruitment of the multimammate rat
(Mastomys natalengisn semiarid areas of Tanzania was conducted in maize and fallow
fields using the capturmarkrelease (CMR) technique. The aim thk stuly was to
generate useful data for the managememt.ofatalensisThe relative home range size of

M. natalensisvas significantly higher during the wet (544 25 SE) than during the dry
(447 nt+ 18 SE) season, in males (523123 SE) than in femade(450 M+ 17 SE) and

in adults (576 rh+ 34 SE) than in juveniles (459%m 16 SE). However, there were no
significant differences between habita&ex ratio was not significantly differerfp =

0.44) between habitats. Recruitment was significantly éigfp = 0.00Q in maize fields
(mean = 0.43) than in fallow land (mean = 0.32) and differed significantly over time (p
0.000) with the highest recruitment recorded from April to July and lowest from October
to DecemberManagement strategies should fean managing rodents inhabiting maize
fields using methods that affect their recruitment in order to reduce the population increase

of M. natalensis

Keywords: Rodent pestdabitats, home range, searid, recruitment

3.1 Introduction

Rodent pests nyahave a severe impact on crop production in many-agosystems
around the world (John, 201Monadjemet al, 2011, Mulungu et al, 2003). They are

also carriers of a variety of potentially deadly diseases such as bubonic plague,
Hantaviruses, Lassa few and typhus (Katakwebet al, 2012 Neerinckxet al, 201Q
Kernéiset al, 2009 Meerburget al, 2009 Taylor et al, 2008). It has been reported that
many rodent pest species show large spatial and temporal fluctuations in their population

dynamics Mulunguet al, 2013) and, as a result, most of them exhibit striking population
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irruptions during and immediately after years of high rainfall (Meset\a, 2003 Jaksic

20071 Leirset al, 1996) because of increased food resources (keinsd, 2006, Mulungu

et al, 2011).Mastomys natalensis the most abundant and dominant rodent pest species
in subSaharan Africa and its outbreaks and impact to agriculture has been reported by

several studies (Mulunget al, 2013 Mulunguet al, 2003 Leirset d., 1996).

Despite some knowledge of the seasonal changes in population and breeding patterns
(Mlyashimbi et al, 2019) and diet (Mlyashimbet al, 2018) of M. natalensisin maize
agroecosystems in serarid areas of Tanzania, their home ranges, sew ratd
recruitment within this system are unknown. Home raisggypically used to assess the
impact of habitat fragmentation on populations of small mammals (Gehring and Swihart
2004). In addition, it has been used to test behavioral hypotheses regardieg of
population fluctuations in several small mammal species such as microtine rodents
(Cutreraet al, 2006) The home ranges of animals can shift in size and position over time
due to fluctuations in resources and risk (Byrne and ChambeP@irl) In deer mice
(Peromyscus maniculatysfor example, the home range was smaller in areas when food
was available, whereas in areas of poor food quality, it was larger. In addition, many small
mammals, expand their home ranges in the summer where foad Ssarcity, also

coinciding with mating and recruitment (Cooretyal, 2015).

Mastomysspp and Arvicanthis spp have been reported to have moverlap in home
ranges between opposite sexes (Taitt 1981) (Worlkneth, 2006). The home ranges of
reproducive females ofM. natalensiswere greatethan those of noneproductive ones
(Worknehet al, 2006). In West Java, for example, riteld rats Rattus argentiventgr
react to harvesinduced changes in habitat structure by relocating their home ranges on

average 300400m to piles of rice straw on the fields and to unharvested areas. This
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results in a postharvest decrease of home range size, which may indicate an immediate

response to increased predation risk (Jatad, 2003).

It is believed that thesex ratio reflects the ability of the species to respond to natural
selection (Wuet al, 2006). A sex ratio of 1:1 is favored in polygamous species such as
Rattus rattusvhen food is abundant while fdfus musculughe sex ratio differs from 1:1,

with a higher recorded capture of males (Wrigdtt al, 1988). Gomezet al (2008)
reported variation in the sex ratio in the same species across different habitats and seasons
in different years in Argentina. This variation may be an effect of the high derfsity o
individuals, which generates a system of hierarchies and where subordinate males increase
their area of activity during reproduction (Hernandestancourtet al, 2003). Males

cover areas in search of food sources or females with which to mate, bunarally
repelled by dominant males, which leads to an increased probability of capture. This
contrasts with reproductive females whose area of activity is smaller (Herpandez
Betancourtet al, 2003, Fryntaet al, 2005), especially during events such asgpancy

and lactation (Mikesic and Drickamer 199R)astomys natalensigopulations in single
cropping areas can have a marked reproductive seasonality, (1L894); however, in
semiarid areas of Tanzanikl. natalensispopulations can exhibit almost donwous
breeding patterns (Mlyashimigt al, 2018) due to optimal conditions for reproduction

throughout the year.

Another important parameter that determines population outbreaks of rodents is
recruitment, which can bdefined as the temporal measuréd the proportion of new
individuals brought into the population (Mulungat al, 2015a, Massawetal., 2005).
Recruitment can differ between ageoosystems, for exampl®jastomys natalensisad

higher recruitment rates in slaahdburn compared to tramt-ploughed maize fields
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(Massaweetal., 2005). Variations in reproductive activity, particularly the onset and
termination of the reproductive period, can affect recruitment (Makemdi, 2005) as

well asr interactions between humans and rodents Masstal. (2012).The densities of
Mastomysare usually higher at disturbed areas e.g. agricultural fields than in natural
environments(Massaweet al, 2007, Mohret al, 2007, Monadjem and Peryig003)
where the animals expand their home raf@@oneyet al, 2015) and alter their sex ratio

(Gomezet al, 2008)

Information on the home range, sex ratio and recruitmem.ofiatalensisin semsarid

areas of Tanzania is limited; however, such knowledge is critical for the control of rodent
pest speciessathese factors determine whether or not the level of control is sufficient to
keep the population of the pest at low populatidie main (null) hypothesis in this study

was that the home range sizeMbf natalensisvould not be affected by habitat tyeason,

sex, and age or population density. We furthermore hypothesized that habitat type does not
affect the sex ratio or recruitment ratehdf natalensisResults of this study can be used to

better inform management strategies.

3.2 Materials and Methods
3.2.1 Location of the study
This study was conducted lisimani divisionin Iringa region, Tanzanid.he study area is
located between 7° 25' 0.4" m S and 35° 48' 12.6" rat &an elevation of between

1073 andl 356 m abovesea leve(Fig. 1).
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Figure 1: Location of the study sitdlsmani division, Iringa region, Tanzania

It has a unimodal rainfall pattern with distinct dry and wet seasbms.mean annual
precipitation ranges from 200 to 750 mm/year. It is charaetiiyy low erratic rainfall

and periodic droughts giving it a characteristic sand nature where precipitation is

below potential evapotranspiration.
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The dry period at Isimani division is from May to November, whereas the wet season is
between Decembemd April. Land use consists ahaize fields interspersed with fallow
land with soils varying from black clay and sandy loamy soilaize! is the primary crop

which reaches physiological maturity in May and is harvested in July.

3.2.2 Trapping rodent species

A capturé marki recapture study was carried out from February 2015 to January 2018.
Four 60 m x 60 m trapping grids of which first two in maize fields (one in clay soils and
other in sandy loamy soils) and the other two in fallow land in similar asitsaize fields
were | aid and set in famerso6é fields and
grids is more than twenty times the average home range radMs wodtalensis(Leirs

et al, 1996; Borremanst al, 2014).Mastomys natfensisis the major rodent pest species

in the study area (Mlyashimiet al, 2018). Each grid consisted of seven parallel lines, 10

m apart, and seven trapping stations per line (making a total of 49 trapping stations/grid).

One Sherman LFA live trap (89 x 23 cm, H.B. ShermanTraps Inc., Tallahassee, FL and
U.S.A) was set at each trapping station for three consecutive nights at intervals of four
weeks (i.e. a robust design with primary trapping session every month and secondary
trapping session during days within that month). Traps were baited in the late afternoon
with peanut butter mixed with maize bran/flour and inspected early in the following

morning as described by Mulungtial (2011).

3.2.3 Data Collection
Captured animals were identifigd species level following the established taxonomic
nomenclatur¢Hickmanet al., 2006) Data collected included rodent species, weight, field

and coordinates of the trapping station, animal marking code, sex age (adult and juvenile)
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and reproductive stas i.e. perforated or closed vagina for female, and scrotal or non

scrotal testes for male (Leirs, 1994).

3.2.4 Data Analysis

3.2.4.1 Home range size

Home ranges were calculated based on CMR data for all animals that were captured at
more than one pmary trapping session (for an overview on the number of primary and

secondary captures we refer to Supplementary figures: S fig 1).

Primary captures

Number of individuals
600 800 1000
1 1 1

400
|

200
|

Number of captures at different months

Number of individuals

800

600

400

200

Secondary captures

Number of captures at different days

These animals were considered to be resident (in contrast to animals that were only

captured during one secondary treggpsession) and were therefore of primary interest for

our statistical analysis. Home range size was calculated using the minimum convex

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

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

in our study since we were only interested in the relative differences only @ieals

1997). By using dinear model, we investigated if there were significant differences in the
relative home range size between habitats {fddgw, claymaize, loamyfallow, loamy

maize); seasons (dry, wet); sex (male, female) and reproductive status (adult, juvenile).
Home range size data were log transformed in order to meet the assumption of normality.
The R packages fadehabi2@atwW&0e dGdetlyrfor a

(Calenge 2006, Wickham 2009, Wickhatal., 2018).

3.2.4.2 Sex ratio

Variation in sexratio was determined in both habitats and for different months. In this
study, sex ratio is defined as the proportion of females in the whole population and was
done in favor of females. Male rodents were ignored since they can be active throughout
the sason and one male can encounter many females in one s@&hsonlata were
subjected to SAS software (SAS Institute Inc., 1997) where habitats and months were
factors. The means separation was done using Tukeyhpostest to determine the

significant difierence of means between habitats and months.

3.2.4.3 Recruitment

The number of new animals (unmarked) out of the total captures for each trapping session
was used to establish the proportion of new recruits into the population. The proportions
of new ndividuals ofM. natalensisvere compared between months and habitats and data
were subjected to a twway Analysis of Variance (ANOVA) using SAS Institute Inc.
(1997). The means separation was done using Tukeyhpostest to determine the

significant dfference of means between habitats and months.
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3.3 Results

3.3.1 Home ranges ofM. natalensis

The relative home range sizeMf natalensisvas significantly higher during the wet than
during the dry season (respectively 544125 SE and 447 fix 18 SE , net= 287 and

nay= 3 9 45 1.96df = 1, p = 0.0150) (Fig 2), in males than in females (respectively 521
m?+ 23 SE and 450 fit 17 SE, Rales= 360 and Bmae= 3 2 1=4.5,adf = 1, p = 0.0367)

and in adults than in juveniles (respectively 576134 SE and 459 i+ 16 SE; Rduits

168 and fvenies= 5 1 3=8.5,af = 1, p = 0.0032). Differences between the categories and
there interactions are presented in the supplementary figures (S-4jigNa significant

differences wer e fo5undi=3pe0.18e8dFy. H.abi t at s
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Figure 2: Mean (+SE) relative home range sizeMatomys natalensiger habitat and
season calculated by the minimum convex polygon method. Bars indicate
standard errors on the means. Numbers on top of the error bars mephese
sample size of each group
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3.3.2 Sexratio
Statistically, there was no differen@é;, 119= 0.59 p = 0.49 between habitats, whereby a

relatively higher proportion of femal®l. natalensiswere observed in the maize field

(mean, 0.42, n = 311) than fallow land (mean, 0.39, n = 413) (Fig. 3).
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Figure 3: Mean (+SE) sex ratio oMastomys natalensisaptured in the study site of

Isiman division, Iringa, Tanzania

No differences (R, 110= 1.72 p = 0.08)in sex ratio ofM. natalensiswvere foundon the
interactions between months and habitats. However, there was a significant effags (F
= 2.01, p = 0.0334 across months, whereby the highest numbelMohatalensiswas
recorded in April (mean = 0.5846, n = 48 and lowest in September andctGber

(averaganean = 0.28&.06, n = 66) respectively

3.3.3 Recruitment
Recruitment was significantly different (R19= 14.34 p = 0.0003 between habitats,

whereby a higher proportion . natalensisvas recorded in maize fields (mean = 0.43, n

=764) than in fallow land (mean = 0.32, n = 1018) (Fig. 4).
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Figure 4. Mean (xSE) recruitment d#l. natalensisobserved in the study site of Isimani

division, Iringa, Tanzania

A significant effect (ki 110= 10.17 p < 0.000) was also observed as®the months,
with the highest recruitment ®. natalensigecorded from April to July, and lowest from
September to December. However, there was no significant differencei{E1.72 p=

0.077)in the interaction between months and fields.

3.4 Discussion

The home range of animals is a spatial measure that represents the area in which
individuals regularly move in search of resources and m&eengyet al, 2015) and

caring for young (Cutrerat al, 2006).The current study found no differenicethe home

range size oM. natalensisbetween habitat types (maize fields and fallow lands). These
results are consistent with those found in previous studidd. oratalensisn rice fields,

maize and fallow lands (Mulunget al, 2015b) Borremanst d., 2014, Monadjem and
Perrin, 1998, Leirset al, 1996). This suggests thi. natalensiscan easily reside in
different habitat typesln the current study, larger home rangeshvbfnatalensiswere
observed during the wet season (plenty of food) thamglahe dry season (food scarcity).

In contrast, it has been reported that the home ranges of animals can be smaller in areas



60

where food was available, while it was larger in areas of low food availability (Workneh
et al, 2006). Besides food availahyj it is known that many small mammals expand their
home ranges during the reproductive period (Coategl, 2015). In this study, mod¥l.
natalensiswere at the peak of their breeding during the wet season in April to July
(Mlyashimbi et al, 2019) whch would support a home range expansion in response to
recruitment. In general, home range size Mf natalensisin the current study was
influenced by sex and breeding period, and partly by population density. During the wet
season, the sex ratio bF. naalensisbecame skewed towards females in April (with long
rains) and skewed towards males during the dry period in September and October in both
habitats. This could be due to reproductive activity of females during the wet season
where they tend to sedréood and males for mating (Mlyashindtial, 2019). This could

also be observed by the higher number of recruitment during the dry season, leading to
intense intraspecific competition and larger home ranges for males (Mulwetgal,

2013).

The currehstudy also found largdrome range sizeler malethan femaleM. natalensis.

This could be attributed by theexual competitioramong them tcsucceed in mating.
Similar findings by Worknehet al. (2006) reported that reproductively active males
maintainlarger home ranges than females because they have to eat more food to acquire
more energy for mating success. In small mammals, males typically have home ranges
that can be twicas large as those of femalasd their ranges overlap extensively with
females and other males (West and Wplf999). Males compete for mates whilst females
seek opportunities for their young to reach reproductive maturity (West and Godfray
1997). While males maximize their reproductive success by mating with as many females
as wssible (Wolffet al, 2002), females typically provide greater parental investment than

males, which results in differential use of space and alter the distribution of male
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reproductive success after a period of exceptional recruitment. Several studées ha
observed that new recruits reproduced, and exhibit different spacing patterns, due to age
specific life history tradeffs or interactions with conspecifics (Shaegeal, 2017, Welsh

et al, 2013, Hosetet al, 2008, Hannon and Martire006). Accordnag to Wolff et al

(2002) females have a greater negative effect on juvenile recruitment and reproductive
development than do males. Moreover, sex ratio is the result of female reproductive
strategy, specifically whether she mates once upon becoming vepvedly active or

continuously throughout her reproductive life.

The current study showed larger home ranges for &dluitatalensisvhencompared to
juveniles. This could be due to the fact that the juveniles are limited in their exploratory
behavior die to aggressiveness of older individuals, hence affecting the sex ratio and
recruitment ofM. natalensis In similar findings by Eiris and Barreto (2009), younger
individuals are limited to explore new territories due to aggression by older or more
dominaat animals. The relative fitness of juveniles could be affected by several factors
such as environmental conditions, maternal age, or reproductive strategy resulting into
obscure sex ratio bias patterns. According to Martin and fBiatechet (2011) offsjng

sex ratio manipulation was an adaptive response to differences in fitness between sons and
daughters. Changes in that specific fithess with maternal state should lead to variation

in sex ratio bias.

The variations in home ranges, sex ratio anduignent observed in the current study site
are likely to be mediated by intspecific competition for food in maize fields and/or
refuge in fallow land. According to Mulungetal. (2011), availability of high quality

food is arguably the most importanparameter affecting rodent recruitment in

maize/fallow mosaic habitats. In the current study site, the highest recruitment was
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observed during the wet season in April to May. Muluegal. (2015b, 2011) observed
higher recruitment in rice fields, relatéd the presence of high quality food that is
preferred byM. natalensisRodents can adjust to the cropping system, establishing during
the initial period of the crop and breeding during crop growing period, and are capable of
rapid population growth and negration after crop harvest depending upon food

availability (Sarwaret al, 2011).

3.5 Conclusion

Based on this study, we demonstrated that home range, sex ratio and recruitment rates of
M. natalensidiffered with seasons and months. Home ranges aleserved to be higher
during the wet than dry seasons, in males than females and in adults than juveniles. Sex
ratio and recruitment rates were observed to be higher in maize fields than fallow lands.
The highest recruitment was observed in April to Magt tsustained higher densities of
rodent due to the presence of high quality of food that is preferréd. Imatalensis The
implications of these findings in terms of management in -sgidiareas should aim at
rodent pest species inhabiting maize fieldshg methods that disturb their recruitment in
order to reduce population increaseMf natalensis Unfortunately, most farmers apply
rodent control actions after serious crop damage is observed, which our results would
suggest is too late to have anganingful impact on crop losses. Rodent pest management
must be done before substantial recruitment takes place, and this will require concerted
efforts to raise the awareness and knowledge of farmers on the importance of and tools for

early monitoring andnanagement of rodent pests.
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Abstract

Two experiments were conducted vVviz; esti
fields and a simulation exparent. The aim of this study was, to investigate the impact of
rodent pest species, damage to maize crop in-aathareast preharvest with a view to
provide farmers with appropriate information on rodent pest management interventions. In
f ar me ds damdge assessment was done by couthmgumber of damaged or

removed seedlings at each planting helele yield loss was determined from simulation
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experiment at five damage levels, viz; 0, 10, 25, 50, and 75% by removing seedlings per
plot. Variation of damaged maize seedlings was compared between soil type and fields.
The fields with black clay soils had higher damage of maize seedling (mean =
59.201+1.714) as compared to sandy loam soils (means = 49.742+1.714). The damage
ranged from 30.17% to 1% in different fieldsHowever, there was no effect observed
betweeninteractions of maize fields and soil types. Results from simulation experiment
showedno significant difference (p = 0.2357) among maize damage levels, although
relatively higher yial losses were observed at 75%, while lowest yield losses in the
control (0%).The increased seedling damage has an impact on final hahesfore,
ecologicallybased rodent management strategies appear to be good solution for reducing

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

Key words: Damage, yield losses, habitarté, natalensisrodent pest, serairid
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4.1 Introduction

Rodent pests are serious impediment in agriculture (Singh, 201&nwaget al, 2007,
Stensetlet al, 2003), especially because they breed quickly leading to serious economic
losses (Mulungeet al, 2005). Rodents also spread diseases through biting people and they
kill poultry chicks (Meerburget al.,2009; Katakwebat al., 2012). The damage to crops

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

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

The patterns and the extent of damage of maize crop by rodents depend upon the pest
species, the intensity of infestation, type and the growth stage of the crop, and the nature
of the surrounding habitat (Mulunget al, 2005). It is reported that, there are about 31
rodent pest species that cause crop damage in Tanzania (Melualg.2005). However,
Mastomys natalensis the predominant rodent pest species in the country (Massawe

al., 2012; Mulunguet al, 2011) and is found in all maikgFowing areas causing serious
damage to crops before and after harvest (Mulungu, 2017).I$#oidkee most widespread

rodent pest across Si#aharan Africa (Mulunget al, 2014).

In Northern Ethiopia, for example, farmers reported an estimatedgpvest yield losses

of 9-44% in annual production of cereal crops due to rodent attacks (Melstraty
2010), while 26.4% loss of yield in maize was reported in Central Ethiopia (Bekele
et al, 2003). In Western Kenya, rodent pests cause a considerakiarpest damages
and losses of 20% to maize plantation (Tsegaye and Asfaw2@&h). In Tanzania and
SubSaharan Africa, a large proportion of crop yield is lost due to rodents (Mdaagj
2013). During rodent outbreaks, significant impact on food security at different scales,
beginning at the household through regional lexad heen observed (Leiet al, 2010)

and damage ranges from negligible destruction to >80% crop loss (Mwdtiragu2003).
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However, maize damage by rodent pests has been reported to vary depending on crop

growth stages and the infesting rodent pestispd®ulungu, 2017).

In Iringa region, specifically Isimani division, which has a unimodal rainfall patterns and
semiarid condition, serious rodent outbreaks and severe damage to maize crop, has been
reported by farmers for the past 20 yednttle is known on the extendf damage by

rodent pests on the maize crdgany studies on maize losses have been reported in
smallholderfields in areas with bimodal rainfall patterfMulunguet al, 2003; Mwanjabe

et al, 2002; Mwanjabe and Leirs, 1997). It haseb reported that more losses occur at
pre-harvest stages of the crop than at the maturity stage (Mulungu, 2017). Understanding
the cause and the extent of the damage caused by rodents in maize is important in planning
management strategies (Mulungu, 201The aim of this study was therefore, to
investigate the impact abdent pest species damage to maize crop in-agthiareasat
pre-harvest, with a view to provide farmers with appropriate information on rodent pest

management interventions.

4.2 Mataials and Methods

4.2.1 Location of the study area

This study was conducted isimani division,Iringa region, Tanzanid he area is located
bet ween 35A16' 1280 and 35A56' 560" aEanand

elevation of 1073 t01356 m abmgea levelFig. 1).
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Figure 1. Location of the study sites in Isimani division, Iringa region, Tanzania

The study area has a unimodal rainfall pattern with clear dry and wet seasorg and t
mean annual precipitation ranges from 200 to 750 mm/yeds. dharacterised by low
erratic rainfall and periodic droughts giving it a saard nature where precipitation is

below potential evapotranspiration.

The seasons were subdivided on the basis of rainfalbaapdotranspiratiomto three sub
seasons. Theainy season is divided into dry and wet seasons. The dry season is further
divided into three sub seasons namely; start dry, mid dry and end degasdns. The

start dry sub season is from May to July while, mid dry is from August to September and
enddry subseason lasts from October to November. The wet season is divided into three
sub seasons namely; start wet, mid wet and end wet sub seasons. The start wet is from
December to January while, mid wet is in February and end weteadon lasts from

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

June and is harvested starting in July to August.

4.2.2 Crop Damage Assessmenhd Sampling Procedures

4. 2.2.1 Farmer s fields

Seven farmersdé maize fields of one acre &€
MKungugu, Nyangob6oro and Ndolela) were Vi s
seedling stage. The solil types, vigiwe characteristics and agricultural practices of the

fields were established as shown in Table 1.

The size of the plots counted were 70 m x 70 m each which corresponds to the field size
l.e one acre in smallholder farms in Tanzania. Crop damage imes#sgas carried out 10

to 12 days after sowing.hE nonstratified systematic row@ampling technique described

by Mulunguet al. (2003) and Mwanjabe and Leirs (1997) wasedby sampling every
individual planting hole in each field. Sampling units werdazmaows, four rows apart,
leaving out the two outer row3.he assessor walked across the field and recorded the
number of seedlings at each sampled hole in a row. Since two seeds were planted per hole,
damage was expressed as the proportion ofemeergig seedlings. It was assumed that

no other pests were causing damage to the seedlings and all missing seedlings were
therefore attributed to rodent damage. Germination failure due to drought or seed quality
was assumed to be evenly distributed, but was @ssidered of low importance in the
experimental fields. Damage for each planting hole was recorded separately for each field
in different sites. Data recorded for each planting hole were: planting row number,
position in the row, and number of nemergng seedlings (i.e. two minus the number of

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

division for maize crop assessment at seedling stage

S/ Name of village Soil characteristics Vegetative and agricultural
n practices
Saoll Colour Drainage Cra
type cks
1 Ki si-bygl® a Sandy Red Moderate No  -Surrounded by maize field
Agric research loam and fallow land with scattere
Institution trees, hebercious and grasses

-Oxen ploughing was used

2 Mkungugu field A Clay Black Moderate No -Maize fields, fallow land with
Shrubs, herbs, trees and grass
-Tractor tilling was used

3 Mkungugu field B Clay Black Moderate Yes -Maize fields, fallow land with
Shrubs, herbs, trees and grass
-Tractor tillingwas used

4 Nyangoor Sandy Grey Well No -Maize and sunflower fields

loam fallow land with trees, shrub:s

bushes and grasses
-Oxen ploughing was used

5 Nyangbor Clay Black Poor Yes -Maize and sunflower fields
fallow land with shrubs ah
grasses
-Oxen ploughing was used

6 Ndolela field A Sandy Brown Moderate No -Maize and sunflower fields

loam fallow land with shrubs, grasse
-Oxen ploughing was used
7 Ndolela field B Clay Black Poor Yes -Maize and sunflower fields

fallow land with $irubs, grasse:
-Oxen ploughing was used

Source: Chidodo, 2017

4.2.2.2 Simulation experiment

A simulation experiment was conducted in three replications and 5 treatments. The main
area was 62 m x 44 m and each treatment was 10 m x 10 m in size. ffilwaglocated in
mosaic landscape of maize fields surrounded by fallow land. Maize seeds (of the hybrid
variety Pannar®) were planted in the field with a spacing of 90 cm by 30 cm. The maize
damage levels of 0, 10, 25, 50 and 75% of the plant populatio@ @stablished and
seedlings were removed to maintain these levels 14 days after sowing (DAS). All
treatments received standard agronomic practices, i.e. early ploughing, weeding,
application of Di Ammonium Phosphate (DABR% nitrogen(N) and 46% phosphas

(P) as ROs was applied at rate of 20 kg/haSince itsnitrogencontent is in ammonium
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(NH4) form, it is particularly effective in the early developmental stages of plsiatize
harvesting was done when the yield reached the required moisture a8t at 158
DAS. Each treatment was harvested and its produce put in a labeled separate sack for one
week to obtain the standard moisture content. Thereafter, maize cobs were threshed

separately and sieved. The weight of each separate sack with naamnevgas recorded.

4.2.3 Data analysis

4.2.3.1 Seedling stage

Percentage damage of maize seedlings was calculated by dividing the total missing
seedlings over total expected emerging seedlings, and multiplied by 100 in eachhigeld.
data were noralized andurther subjected to two way of analysis of variance (ANOVA)
using XLSTAT 2018.1.493886oftware where soil types and field wéaetors. The means
separation was done wusing Fishero@sdsnoiderast

to detemine variables with effect among soil types and fields.

4.2.3.2 Simulation method
The collected yield loss was subjected to one way analysis of variance (ANOVA) using
SAS System (1997). The means separation was done using Taskegnethod to

determinghe effect of damage levels.

4.3 Results

4.3.1 Seedling stage

There were variations in maize seedling damage among the seven fields (Tahle 2)
significant difference (& 195= 45.25 p< 0.000) of maize seedling damage was observed
among fields,with highestseedling damage were observed at Mkungugu field B and

| owest at Nyangboro field A (Table 2).
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Table 2 The damage to maize crop seedlings by rodent pest species in Isimani division,

Iringa region, Tanzania

Name of village Planting Seedling Expected Number of Crop seedling
holes counted per no. of seedlings damage x 10(
visited field seedlings damaged (%)

per field

Mkungugu field B 1338 756 2676 1920 71.91+2.25

Ndolela field B 1557 989 3114 2125 69.17+£1.98 ak

Ndolela field A 991 735 314 2195 64.21+2.39 b

Mkungugu field A 1631 1624 3262 1638 50.27+1.85 ¢

Nyango6or o 973 947 1946 999 50.18+2.49 ¢

Ki s i-bdyglé a 1143 1377 2286 909 39.79+1.92 d

Nyango6or o 655 913 1310 397 30.17+2.84 ¢

Note: 'Meansof thesamecolumnfollowed by thesamdetter arenot significantly differentat5%
probabilitylevel usingT u k etgstémethod

Similarly, there was an effect {Foo= 15.23, p = 0.000) between soil types, whereby
higher seedling damaged (mean, 59.20+1.714) was obsarvbthck clay soils than
(mean, 49.74+1.714) in sandy soildowever, there was no effect (p = 0.362) of

interactions between fields and soil types.

4.3.2 Simulation experiment

No statistically significant effects {= = 1.73, p = 0.236) were observadhong maize
damage levels. However, relatively higher yield losses (means = 6.85 tons/ha) were
observed at 75% compared to the relatively lower yield losses (means = 6.45 tons/ha) at

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

Treatmeni%) Means (tons/ha)
Control 6.45+0.19
10 6.28+0.19
25 6.25+0.19
50 6.28+0.19
75 6.85+0.19
LSDo.0s 0.62

4.4 Discussion

Far mersodé6 maize fields in the cuoedenemaize st uc
damageat seedling stageanging from 30.2 71.9% The current results are within the
reported range of prkarvest maize damage Mulungu et al. (2003) who observed

maize damage from 1782% in some locations and seasons. In addition, |dmdder

farmers in different areas and locations in Tanzania have been reported the chronic rodent

damage of sometimes over 80% (Mwanjabal.,, 2002).

Results showed that maize fields with black clay soils suffered serious attacks on maize
seeds/seedigs by rodent pest species than sandy loam soils. This coulohribly
attributed to the agricultural practices in this area which include, among others, the use of
tractor tiling during seed sowing. In the process of covering, some seeds might have been
exposed to the surfaces which were easily eaten by the rodents. AccorBirgyvoet al

(2017) exposed seeds in the field can be consumed by rodent pests, resulting into few
plants or plant stands per field. Rodent pests are abundantly occurring inltagricu
landscapes (Heroldovétal., 2007 Fischer and Schrode2p14) and can be important
seed predators (Daedloetal., 2014). Another reason could be the failure of seeds to

germinatedue to the effect of tillage method where seeds are planted deepEy
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compacted soil with low moisture content, a characteristic of-aeichiareas, although this

was not studied in the current experiment. In soils with low moisture content, the
germination rate is reduced and seedling emergence is delayed, whichsésctbe

chance of depredation by rodent pest species (Mulungu, 2003). Soil compaction is a big
challenge for seed germination in poorly drained clay soils (€hah, 2005) especially

in some specific ecological conditions such as sanmdi areas (Sladga et al, 2014). It

has been reported that soils and moisture levels may interact and affect seed viability
hence poor seed germination in clay as compared to sandy loam soils \Rallels € Eg u e :
et al, 2012).Deeper planting (in the case of some sakdmg tractor tilling) apart from
reducing final emergence, also exposes the germinating seeds to soil pathogens and insects
thus increasing the risk of seed rots (Molatudi and Mariga, 2009) this could explain the
reduce number of plants recorded durihg tstudy.In additional, poor aeration, water
logging and an impervious layer formed by the compact mass structure of the black clay
soil could have lowered germination capacity. According to étual (2003) soil
suitability and effectiveness at indugirgermination in seeds and subsequent seedling
emergence, depends to a large extent on physical properties such as texture, aggregate

size, water holding capacity, consistence and bulk density of the soil.

It is evident from the present study that mad#mage levels (0 to 50%) indicated
variations in yield losses when plant populations were removed at the early stage and yield
losses became increased with maize damage level of 75%. Other studies indicated that
yield losses of 10.9 and 26.4% were recdrddien 30 and 45%, respectively of the plant
population was removed at the early stage indicating that crop damage and yield loss are
not the same and maize plants could tolerate up to 15% loss of plant populations due to
pest damage without significanteyd reductions (Abdulahll994). However, according to

Pommel and Bonhomme (1998) who observed that with plant populations of 130 000 per
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hector, the ears lost corresponding to missing plants are poorly compensated by increased
yield of surrounding plantbecause of additional light interception: when two or three
adjacent plants were missing, compensation for missing plants was only 16% and 34%,

respectively.

Results from the current study indicated that the simulated yield losses from damage
levels was ged to compare to maize damage assessment during seedling stage, and it was
found that both of them showed the same trends increasing from lower to greater than
70%. This implies that seedling losses can lead to yield losses of the crop with the
relativelythe same amounHigh seedling losses have also been observed to lead to high

crop yield losses for both rice (Mulungtial, 2014) and wheat (Meherettial, 2014).

4.5 Conclusion

The results of this study demonstrate how maize yield losses oceeimiarid areas as a

result of seedling damaged by rodent pest species under different soil types and fields.

To minimize damage, appropriatecologicallybased rodent management strategies
should be practiced to improve food security for smallholdendas. It is clear thathe

control of rodents depends upon the site, neighborhood and available food. In this research
the most important approach for preventing rodent damage to maize seedlings and yield

losses is to improve cultivation practices.
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Abstract

The det and breeding patterns dfastomys natalensisy semiarid areas of Isimani
division, Iringa region, Tanzania were investigated in maize fields and fallow land. The
aim was to investigate the influence of diet on breeding patterng. ofatalensis
Remoal trappingwasused to capture rodents and analyse diet categories while Gapture
Mark-Release trapping was used to investigate breeding patterns of fdmadg¢alensis
Mastomys natalensisonprised 94% of the total captuaad the remaining 6% comprised

of six other species. Statisticahalysis of food preferences indicated that hatetative
materials and seeds were significantly higher inaveralldiet of M. natalensicompared

to other food materialsSignificant differences in the proportion$ \eegetative materials
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and seeds were found between seasons (dry, wet), but not between habitats (fallow,
maize) There was a clear seasonal pattern in the proportion of reproductively active
females with peaks in April artdoughsin October.The proporton of vegetative materials

was highest during the wet season and correlated positively with reproductive activity,
suggesting that vegetative materials contain certain compounds6(®MBOA) that

trigger reproductive activity itM. natalensis The breedig activity of M. natalensisin
semtarid areas might thus be reducey limiting access to fresh vegetative food (e.g.

young sprouting grass)

Keywords: breeding, dietMastomys natalensisodent pest, serairid, Tanzania

1. Introduction

Rodents are ng-standing pest problem throughout the world, which disproportionately
affects rural farmers through damage and loss of field and stored crops (MW2GO3y
Mdangi et al., 2013) transmission of diseases (Katakwedtaal., 2012) and degrading
building structures (Belmaiet al.,2002). In many countries in Africa, agricultural fields
are surrounded by fallow field margins consisting of shrubs and wild grasses which can
provide suitable sites for shelter and fdod rodents(Mulungu et al, 2011a; Mulunguet

al., 2008. In Tanzania, rodents were estimated to reduce the total harvest output of
farmers bys-15%each year, resulting in a financial lossafsbut $45 millionMakundiet

al., 1991; Leirset al, 1996). Fallow land can serve as a refuge fodents, particularly
outsideof the cropping season, which enables them to quickly infest crop fields. Mulungu
(2017)andMakundiet al (1991) reported over 20 rodent species fiaBwengenera to be
involved in crop damage in different parts of Tanzamath Mastomys natalensis

considered the most abundant and destructive rodent pest.










































































































































