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EXTENDED ABSTRACT

Rodents and shrews play an important role in a variety of
ecosystems including crop farming and the keeping of food animals.
Increasing cultivation of crops and livestock keeping in Mgeta
division, along the western slopes of Uluguru Mountain, is
threatening the survival of rodents and shrews, and consequently,
changes in the likelihood of these animals in their disease
transmission patterns, which involves also their ectoparasites,
particularly fleas, due to changes in their abundance and distribution
in the ecosystem. This study was conducted from December 2021
to May 2022, and intended to investigate the diversity and temporal
fluctuations in abundance of rodents, shrews and their flea-
ectoparasites in Mgeta, an area with extensive agriculture in south-
east Tanzania. Three habitats (forest, fallow and cultivated lands),
each, were selected and defined as low (1,100 - 1,500 m a.s.l) and
high (1,600 - 1,900 m a.s.l) elevations and subsequently sampled for
rodents, shrews and their flea-ectoparasites. Removal trapping with
baited live Sherman®, Harvahart® and locally made traps was carried
out. A total of 192 rodents and 15 shrews were captured, and 199
fleas were collected. Identification of the rodents, shrews and fleas
was done up to their species levels. Captured rodents included:
Rattus rattus (1.45%), Mastomys natalensis (9.66%), Beamys hindei
(1.45%), Lophuromys flavopunctatus (21.74%), Lophuromys kilonzoi
(2.42%), Praomys delectorum (40.58%), Grammomys ibeanus
(8.7%), Graphiurus murinus (1.45%), Mus minutoides (3.38%), Mus
musculus (1.45%) and Dasmys spp (0.48%), whereas, the shrew
species included: Crocidura olivieri (3.86%) and Crocidura hirta
(3.38%). A Total number of 95 (45.89%) rodents and 6 (2.8%)
shrews were infested by Dinopsyllus lypusus, Nosopsyllus fasciatus
or Ctenopthalmus calceatus. The mean abundance of fleas
presented a significant variation among the host species (F (12, 194) =
11.82, P < 0.001), habitats (F (, 204y = 9.935, P < 0.001) and along
the elevation gradient (F (1, 205 - 10.15, P = 0.02). Similarly, the
prevalence varied significantly between the hosts (F (12, 104 = 22.44,



P < 0.001) and habitats (F «, 204y = 4.837, P = 0.009) but not with
elevation (F (1, 205 - 0.291, P = 0.59). The mean intensity of flea
infestation, on the other hand, varied significantly among the hosts
(F (12, 104y = 9.257, P < 0.001) and along the elevation gradient (F 1,
205) = 47.91, P < 0.001), but not habitats (F (, 204y = 0.75, P = 0.474).
Furthermore, while rainfall intensity was strongly associated with
mean abundance of fleas (r = 0.054, P < 0.05), neither temperature,
elevation, nor humidity were correlated with either mean intensity or
prevalence of fleas on the hosts. However, rainfall, temperature, and
relative humidity had a significant effect on rodent and shrew
abundance (P< 0.05). Given the discovery of D. lypusus, which is a
well-known vector of the plague pathogen, Yersinia pestis, and a
common ectoparasite of M. natalensis and R. rattus. Effective
conservation strategies to preserve the remainder forest patches
and community awareness programs regarding the existence of
potential plague vectors and mitigation measures in the study area
as well as avoidance mechanism should be implemented to ensure
the health of the entire ecosystem.



IKISIRI KUU

Panya wanafanya kazi kubwa sana katika mazingira ikiwemo
kusaidia ukuaji wa mazao shambani. Kuongezeka kwa shughuli za
kiimo pamoja na ufugaji katika kata ya Mgeta pembezoni
kabisamwa safu za milima ya Uluguru inaongeza hatari uwezekano
wa kuishi miongoni mwa aina mbalimbali za panya na hatimaye
kubadilisha muelekeo unaoweza kusababisha magonjwa kwa
binadamu kupitia viroboto. Tafiti hii ilifanyika kati ya mwezi Disemba
2021 na Mei 2022 huku ikiwa imejikita katika kutambua mtawanyiko
na utofauti wa muonekano wa panya pamoja na viroboto vyake
katika eneo la kilimo katika kata ya mgeta, Tanzania. Aina tatu za
maeneo zilichaguliwa na kutambuliwa kam situ, falo pamoja na eneo
lililolimwa yote yakiwa katika muinuko mdogo (1,000 - 1,500 m a.s.l)
na mkubwa (1,600 - 2,400 m a.s.l). Kwa kutumia njia ya kuondoa,
iliweza kukamata panya 207 pamoja na viroboto 199. Aina za panya
zilizokamatwa zilihusisha Rattus rattus (1.45%), Mastomys
natalensis (9.66%), Beamys hindei (1.45%), Lophuromys
flavopunctatus (21.74%), Lophuromys kilonzoi (2.42%), Praomys
delectorum (40.58%), Grammomys ibeanus (8.7%), Graphiurus
murinus (1.45%), Mus minutoides (3.38%), Mus musculus (1.45%),
Dasmys spp (0.48%), Crocidura olivieri (3.86%) na Crocidura hirta
(3.38%). Uwingi wa viroboto ulikuwa ni halisi miongoni mwa panya
(F (12, 194) = 11.82, P < 0001), maeneo (F (2, 204) = 9.935, P < 0001)
pamoja na katikati ya muinuko (F (1, 205 = 10.15, P = 0.02). Uwingi wa
viroboto miongoni mwa panya waliodhurika ulitofautiana kwa
uhalisia kati ya mwinuko (F (1 205 = 47.91, P < 0.001), lakini
haukutofautiana kati ya eneo moja na jingine (F (, 204 = 0.75, P =
0.474). Wakati Kiwango cha mvua kilijionesha kuwa na uhusiano
mkubwa na uwingi wa viroboto miongoni mwa panya (r = 0.054, P <
0.05), sio joto, unyevunyevu wala muinuko ulioonesha kuwa na
uhusiano wa moja kwa moja na uwingi wa viroboto.

Maneno muhimu: Panya, viroboto, muinuko, uwingi, mtawanyiko,
Mgeta
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STRUCTURE OF THE DISSERTATION

This dissertation consists of FOUR chapters. Chapter ONE
describes background information on rodents, shrews and their
associated fleas, as well as factors grounding their distribution
pattern in different habitats. It also contains the problem statement
and justification, research objectives, and the list of manuscripts.
Chapter TWO elucidates the diversity and temporal fluctuations of
rodents, shrews and their fleas in an extensive agricultural
landscape of Mgeta, Morogoro Region-Tanzania. Chapter THREE
highlights the investigations on the prevalence of fleas on rodents
and shrews, and its potential for transmission of rodent vector-borne
zoonoses in Mgeta, Morogoro-Tanzania. Chapter FOUR consists of
the general discussion, conclusion and recommendations.



CHAPTER ONE

1.0 GENERAL INTRODUCTION

1.1 Rodents and Shrews

Rodents and shrews account for a significant part of mammalian
species diversity, and they are an essential component of a variety
of habitats ranging from agricultural lands, forest and mountainous
areas (Vaughan et al, 2000; Avenant and Cavallini, 2007). They
have a significant ecological impact on the composition, structure
and diversity of ecosystems (Mukherjee et al., 2004). For instance,
they have a critical position in the food web in diverse ecosystems,
as numerous predators such as snakes and owls depend on them
as a source of food (Byron et al., 2015). Furthermore, based on
species diversity, abundance, and assemblages; rodents' and
shrews’ use of different habitat types may indicate ecosystem
changes (Ofori et al., 2016) or landscape integrity (Milstead et al.,
2007; Avenant et al., 2011). Therefore, they are good ecological
indicators of habitat disturbance and important contributors to
biodiversity (Avenant and Cavallini, 2007). Along with their
contribution to the ecosystem, rodents and shrews are hosts to a
range of pathogen bearing ectoparasite arthropods such as ticks,
bugs, mites, fleas and lice (Chae et al., 2008; Kia et al., 2009;
Changbunjong et al., 2010). As a result, they potentially mediate the
transmission of diseases such as plague and murine typhus that are
associated with these arthropods (Makundi et al., 2008; Vallée et al.,
2010).

1.2 Fleas

Fleas are hematophagous and obligate ectoparasites infesting
vertebrates, particularly rodents and shrew (McCauley et al., 2008).
They are distributed globally with more than 2500 species belonging
to 17 families and 238 genera (Maleki-Ravasan et al., 2017).
Despite primarily invading rodent and shrew (de Bellocq et al.,
2006), they occasionally infest a wide range of animals, including



birds (Kotti, 2015), large mammals (Clark et al., 2018) and humans
(Miarinjara et al.,, 2021). They typically infest the host's skin,
particularly the external orifices, such as hair root, nares, and orbits
(Paramasvaran et al., 2009). They differ in terms of host specificity
(Shenbrot et al., 2007), as some of them invade a wide range of
hosts while others are host specific (Medvedev, 2002). For instance,
Nosopsyllus fasciatus, Ctenophthalmus apertus, and Leptopsylla
taschenibergi are reported to prefer infesting common voles
(Herrero-Cofreces et al., 2021) while Thrassis pandorae,
Eumolpianus eumolpi and Oropsylla idoensis infests wide range of
hosts (Goldberg et al., 2020). Rodents and shrews, as good
reservoirs of fleas, play a significant role in the epidemiology of
zoonotic diseases such as plague, murine typhus and tularemia,
transmitted by pathogens such as Y. pestis, Rickettsia typhi and
Francisella tularensis, respectively (Mostafavi et al., 2017).

1.3 Abundance and Distribution of Rodents, Shrews and their
Fleas

The distribution of rodents, shrews and their flea-ectoparasites is
strongly affected by a range of biotic and abiotic factors (Yin et al.,
2011; Lang et al., 2014; Gutiérrez et al., 2014). However, due to
their high dependence on the hosts for feeding, the spatial
distribution of fleas is sometimes thought to be dictated by the
distribution and habitat of the host (Krasnov et al., 2002; Sanchez et
al., 2019; Fantozzi et al., 2022). With regards to rodents and shrews,
habitats are associated with environmental variables such as climate
(Magnusson et al., 2021, Wallace et al., 2021), altitude (Mulungu et
al.,, 2008; Gebrezgiher et al., 2022), vegetation type and cover
(Flores-Peredo and Vézquez-Dominguez, 2016; Thomas et al.,
2022), anthropogenic activities (Guevara and Ball, 2018; Ssuuna et
al., 2020) and other interactions such as parasitism, mutualism,
competition, and predation (Xiao et al., 2005). Nevertheless,
precipitation is the most important factor regulating demographic
processes and population dynamics in tropical rodents because
primary productivity is highly dependent on precipitation (Brown and



Ernest, 2002; Previtali et al., 2009). In addition, seasonal changes
significantly affect small mammal abundance and habitat
preferences (Pakdeenarong et al., 2014) via alteration of the
availability of dietary components such as seeds, flowers and fruits
(Xiao et al., 2005). On the other hand, solely or combination effect of
hosts and environmental factors influence flea assemblages on their
hosts (Yin et al.,, 2011). For instance, host species, sex and age
might cause variation in flea assemblage as a result of differences in
the host's home range and immunity, (Abu-Madi et al.,, 2005).
Similarly, abiotic pressures such as humidity, temperature and
rainfall cause variation in the growth of flea larva and reproduction
(Metzger et al., 1999; Krasnov et al., 2001). Anthropogenic activities,
particularly agriculture, also contributes to population dynamic of
rodents, shews and their fleas through altering important habitats
used by hosts (Young et al., 2017).

1.4 Problem Statement and Justification

1.4.1 Problem Statement

Mountainous landscapes are safe havens for a variety of small
mammals such as rodents and shrews (Richard et al., 2022;
Gebrezgiher et al., 2022; Thomas et al., 2022). However, increased
disturbances, including human and natural causes, are very likely to
compromise their endemism and, more importantly, alter the
distribution of their ectoparasite vectors of zoonotic diseases,
particularly plague (Friggens and Beier, 2010; Young et al., 2017). In
the western slopes of Uluguru Mountains, which is part of the
Eastern Arc Mountains (EAM) and an important area for
conservation in Tanzania (Burgess et al., 2007), biodiversity is
facing an alarming threat of anthropogenic disturbances such as
transformation of natural landscape to agricultural land. This is as a
result of the area being densely populated by smallholder farmers,
with 84% of them practicing both crop or animal farming or both
(John, 2012). These activities are significantly altering the diversity
of rodent and shrews, and their ectoparasites, particularly fleas, thus
increasing the likelihood of transmission of vector-borne zoonotic



diseases such as plague. Therefore, this study aimed at exploring
the diversity and temporal variations of rodents, shrews and their
flea-ectoparasites, as well as investigating their potential for
transmission of flea-borne pathogens in the human - altered
landscape of Mgeta highlands.

1.4.2 Justification

Since rodents and shrews form an essential component of diverse
ecosystems (Richard et al., 2022; Gebrezgiher et al., 2022) ranging
from agricultural lands, forest and mountainous areas (Avenant and
Cavallini, 2007), information on their abundance, diversity, temporal
and habitat variations is useful in developing management and
conservation measures. On the other hand, information on
potentially dangerous fleas and how rodent population dynamics
affect the flea populations is critical in understanding the dynamics
of rodent-flea-borne disease transmission that may occur in the
study area (Krasnov et al., 2002; Makundi et al., 2015). This will then
assist relevant authorities in developing a surveillance system to
monitor rodent and flea infestations in order to provide early warning
of potential disease outbreaks, which will translate into prevention
and control of rodent and flea-borne diseases in the study area.

1.5 Research Objectives

1.5.1 General Objective

To determine the diversity and temporal fluctuations of rodents,
shrews and their flea- ectoparasites in an extensive agricultural
mountainous landscape of Mgeta, Morogoro-Tanzania

1.5.2 Specific Objectives

i. To determine species diversity, abundance and temporal
fluctuations of rodents, shrews and their flea-ectoparasites in
Mgeta highlands

ii. To assess the variation of flea-ectoparasite infestation on
rodent and shrew species and its potential for transmission of
flea-borne pathogens
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ABSTRACT

Rodents and shrews account for a significant part of mammalian
species diversity and are of significant importance in diverse
ecosystems. This study investigated the diversity, abundance and
temporal fluctuations of rodents, shrews and the associated flea-
ectoparasites in habitats sampled between elevations along the
extensive agricultural landscape of Mgeta highlands, Morogoro,
Tanzania. Three habitats (forest, fallow and cultivated lands) were
selected at low (1,100 - 1,500 m a.s.l) and high (1,600 - 1,900 m
a.s.l) elevations and subsequently sampled. Five transect lines each
50 m were established per habitat type. Removal trapping using 50
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Sherman® traps, two Havahart® traps, and five locally made traps
was carried out. The trapping duration was in total 6048 trap nights
in which 207 individuals were captured, comprising of 11 rodent and
two shrew species. Individual animals’ fur was carefully brushed to
remove ectoparasites of which 199 were fleas of the species
Dinopsylus lypusus, Ctenophthalmus calceatus and Nosopsyllus
fasciatus. Dinopsylus lypusus was the most abundant flea species.
A total of 292 mites (Laelaps spp) and six ticks (Haemophisalis spp)
were also collected. The overall abundance of captured rodents and
shrews varied significantly between habitats (F 75 = 6.22, P =
0.003) and the time of trapping (F 6 = 7.97, P = 0.013), but not
between elevations (F (1100 = 0.478, P = 505). The number of
rodents, shrews and corresponding flea-ectoparasites peaked in
April and May, with the forest and low elevations showing the
highest abundance and diversity of rodents and shrews. The relative
humidity, temperature, and rainfall showed stronger association with
the temporal variation in relative abundance of rodents and shrews
(p< 0.001). Given the importance of rodent and shrew species in
ecosystems, and the fact that most of them were collected within the
forest, conservation strategies should be implemented; however,
caution is required given the presence of vectors of public health
importance particularly D. lypusus, known to be an efficient vector of
Y. pestis, the causative pathogen of plague in East Africa.

Keywords: Abundance, Diversity, Fleas, Rodents, Shrews,
Agricultural landscape, Mgeta, Tanzania

2.0 INTRODUCTION

Small mammals, particularly rodents and shrews are considered
pests due to the significant economic impact they cause (Harris,
2009; St Clair, 2011). Apart from economic losses they cause in
agriculture (Magige, 2012; Mulungu, 2017) and domestic or
industrial settings via consumption of food and destruction of
materials (Almeida et al., 2013), rodents are also potential reservoirs



of several pathogens (Luis et al., 2013; Jahan et al., 2021). The
spread of pathogens to other susceptible hosts is highly aided by
vectors, such as fleas in the transmission of plague (Laudisoit et al.,
2007; Makundi et al., 2008), mites in dermatitis (Battersby, 2015) or
ticks and chiggers in transmission of lyme disease and scrub typhus,
respectively (Shaw et al., 2003; Zhang et al., 2013). On the other
hand, rodents and shrews perform key ecological roles by providing
food for avians, reptiles and mammalian predators, and are also
important primary consumers of seeds and herbage (Krebs, 2007;
Mulungu et al., 2013). They also respond to resource availability
and/or diversity, microhabitat structure, and are sensitive to
landscape and environmental changes (Kajin and Grelle, 2012; Melo
et al., 2017) and thus are good indicators of environmental quality
and an ideal group of animal species to assess landscape, human-
driven and climate change impacts on biodiversity (Bonvicino et al.,
2002; Camargo et al., 2019).

Biodiversity, referred to as the variety and variability of life in a
particular habitat is threatened by numerous forces in human-
modified surroundings (Gardner et al., 2009; Crispo et al., 2011). As
a result, there is an accelerated loss of biodiversity and a drastic
alteration of processes and ecological configurations which, to a
great extent, trace back to anthropogenic drivers (Savin and
Nistreanu, 2009; Ruffino et al., 2013). For example, these landscape
alterations in the tropics result mostly from the conversion of natural
environments into agriculture and pasture (Francoso et al., 2015;
Strassburg et al., 2017). These human-driven changes may affect
the distribution pattern as well as the associated fleas on rodent and
shrew (Hieronimo et al., 2014; McCauley et al., 2015). On the other
hand, Livestock grazing causes mechanical disturbance, reduces
plant biomass, and changes the composition of the vegetation, as
well as encourage vegetation regrowth and nutrient enhancement
(Vial et al., 2011), resulting in changes in rodent and flea populations
(Van der Mescht et al., 2013; Young et al., 2015).



Like many other animals, rodents, shrews and their ectoparasites
form an important component in a variety of habitats including the
Uluguru Mountains (Burgess et al., 2002; Kalumanga, 2007). This
mountain is one of the most important blocks of the Eastern Arc
Mountains (EAM) which is designated as one of the 20 “Global
Biodiversity Hotspot” areas (Burgess et al., 2007; Mattee et al.,
2020). Nonetheless, different species of fauna and flora, including
rodents and shrews in this eco-region are under constant threat due
to progressive damage of the landscape following the conversion of
natural environments into crop cultivation settings as well as for
livestock keeping (Burgess et al., 2002). This is an important
conservation concern as these activities do not only modify small
mammal community but also alters the distribution of associated
vectors particularly fleas, which are responsible for the transmission
of zoonotic diseases like plague (Kimaro et al., 2014; Hieronimo et
al., 2014; Poland et al., 2019). This study therefore, examined the
abundance, diversity and temporal fluctuations of rodents and
shrews, and their flea-ectoparasites as well as the effect of climatic
conditions (rainfall, temperature and humidity) on the temporal
variation in relative abundance and diversity of rodents and shrews
in an extensive agricultural landscape of Mgeta, Morogoro,
Tanzania. This was with a view of providing baseline data for
conservation of rodent and shrew species and surveillance for
potential rodent -borne diseases in the area.

2.1 Methodology

2.1.1 Materials and methods

2.1.1.1 Study area

The study was conducted in Vinile village in Mgeta ward of Mvomero
District located between 7° 2’ 8” S and 37° 33'55” E in Tanzania
((Fig. 2.1), from December 2021 to May 2022. The Ward lies about
60km South-West of Morogoro Region on the Western slopes of
Uluguru Mountains at an altitude of 1100 to 1950 m above sea level
(Nziku et al., 2016). Being part of the Eastern Arc Mountains,
Uluguru Mountains are considered as a hotspot and important area
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for the conservation of biodiversity in Tanzania (Burgess et al.,
2001). The area experiences a bimodal rainfall pattern, with a short
rainy season between October and January, and long rainy season
between March and May (Chidodo et al., 2020). Annual precipitation
ranges from 700 to 2,300 mm, with lowest amounts being found at
low elevations, and average temperatures of 30° C in the warmer
months and 18° C in the cooler season. The soils are moderately
deep, reddish, well-drained, yellowish sandy clay loams and sandy
clays (Burgless et al., 2007). The area is characterized by
heterogeneous kind of vegetation and landforms along the altitudinal
gradient particularly, piedmonts, peneplains and steep mountains
(Chidodo et al., 2020).

-------------

715N
) |
Legend | Elevation a. s. | (m)
Virde vilage Cantour £ | Low (1175 - 1500)
| Migeta wara VWard boundary ‘ I it 1500 - 2363)

| Mvomeno dstnct Targania boundary

| Merogoro regen [ V\aver body

Figure 2.1: Map of Mgeta ward showing study sites in different
elevations. The map was generated in QGIS
Version 3.24 Tisler’ retrieved on 31 August 2022

2.1.1.2 Sampling Design
The study area was stratified into two altitude ranges (1 600 to 1 900
m a.s.| and 1 100 to 1 500 m a.s.l), which were referred to as the
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high (H) and low (L) elevations respectively. Elevations were
sampled using Global Positioning System (GPS) and three different
habitats (forest, fallow and cultivated land) were identified for
trapping in each elevation. Forest habitat was defined as a
continuous strand of trees with no evidence of farming or
settlements, the fallow was identified as a discontinuous strand of
trees with evidence of farming activities, settlement, and/or recurrent
wildfire; while the cultivated portions were attributed to mono and
mixed cropping methods and were identified as land that was used
for farming for at least eight months in each year (Chidodo et al.,
2020).

2.1.1.3 Study design and trapping of rodent and shrew

The study employed a repeated cross-sectional design. Trapping
was done for three days consecutively at intervals of four weeks for
a period of six months from December, 2021 to May, 2022 and
comprised six trapping sessions. Trapping of the rodents and
shrews was done in three habitat types (forest, fallow and cultivated
lands) at two different elevation gradients (Low and High). Removal
method was employed in which five line transects of 50 m were
established in each habitat. On each transect, ten Sherman® live
traps (23 x 9 x 8 cm; H.B. Sherman Traps, Inc., Tallahassee,
Florida) were placed 10 m apart. To increase the capture success of
small mammal species, two Havahart® traps (60 x 15 x 170 cm) and
five local traps were also placed randomly within each of the three
habitats, making a total of 57 traps per habitat type in the lower and
high elevations, and 342 traps across the whole study area. The
setting of traps was done simultaneously in the three (3) habitats
and in both low and high elevations. Traps were baited with peanut
butter and maize flour, green maize, avocado and ripe bananas
(Andrzejewski, 2002; Nyirenda et al., 2020), and set in the evening
at 6pm and inspected the next day in the morning at 7am (East
African Time).
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2.1.1.4 Identification of rodents and shrews

Identification of captured rodents and shrews was made to species
level, and for each individual body parameters were recorded,
including: weight, sex and maturity/breeding status. ldentification
was done using keys and illustrations developed by Happold (2015).

2.1.1.5 Collection of Fleas from captured rodents and shrews
Collection of fleas from rodents and shrews was done after
anaesthetizing the animals with 90% Diethyl Ether (C4H100)
EMPLURAR (Katakweba et al., 2013). The fur of the captured
animals was then brushed thoroughly with a hard toothbrush to
disengage the ectoparasites in a basin lined with a white plain cloth
(Eads and Biggins, 2019). Thereafter, fleas and other ectoparasites
were gently picked from the basin, using a fine camel hair brush into
vials containing 70% ethanol for preservation (Nyirenda et al., 2018).
These were then transported to the Laboratory of the Institute of
Pest Management (IPM) at Sokoine University of Agriculture (SUA)
for further processing and identification.

2.1.1.6 Processing and identification of Fleas

From the vials containing preservation medium (70% alcohol), fleas
were removed and boiled in 10 % KOH (Potassium hydroxide) for 10
minutes, after which they were transferred into acidified water and
then rinsed in distilled water. Later, they were put in 50 % ethanol for
1h and then replaced into 70 % ethanol for another 1h and replaced
again into 95 % ethanol for 1h. Thereafter, they were placed into
absolute ethanol for another hour then placed in clove oil overnight
to clear them. Mounting was then done by DPX solution, after which
they were examined under a compound microscope (Bahmanyar
and Cavanaugh, 1976). Fleas were identified and sexed using their
main distinguishing morphological features, which included genal
combs, pronotal combs, reproductive organs (spermathecae in
females and penis plates in males) and the shape of the head
(Nyirenda et al., 2018). Identification of the fleas was done using
keys and steps developed by Kohl (1957). For the Mites and Ticks,
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they were heated into the KOH (potassium hydroxide), then after a
curved slide was prepared and a drop of Hoyer's medium was
placed at the centre of the slide. The mites and ticks were singularly
placed into the drop of Hoyer's medium in each slide; the orientation
was either dorsoventrally or laterally then a cover slip was placed on
top of it. The slides were then placed into the oven at 45-50 degrees
for 24 hours, then the slides were removed from the oven and more
Hoyer's medium was added and left for the slides to cool and then
they were placed under microscope for identification (Krantz, 1971).

2.1.2 Data analysis

Data entry and coding was done in Microsoft excel and analysis was
done using Statistical Package for the Social Sciences (SPSS)
version 26 (IBM Corporation, Armonk, NY, USA). Computation of
abundance and diversity of rodents was based on the relative
abundance and Shannon-Wiener diversity index (Mulungu et al.,
2008). The index was also used to compute the diversity of fleas
among habitats, between elevations and among trapping months.
Relative abundance (RA) of rodent and shrew species in each
habitat was calculated as the ratio between the number of species
found in each habitat and the total number of species recorded in
the study area.

i.e R.A =

number of species X100
Total number of all individual species

The Shannon-Wiener diversity index was defined as:

S
H = - Z p; In(pi)
i=1

Where H’ is the diversity index and pi is the proportion of the total
sample belonging to each species i. where P; is the proportion of
captured rodents in the samples of a particular number, i, of
individuals per habitat type, InP; is the natural logarithm of the
proportion of captured rodents while S is the number of sampling
units. The success rate of capture was referred to as trap success
and calculated by dividing the number of individuals captured by the
trap nights and multiplying it by 100.
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i.e. Trap success = N*100
Trap night (Nt *Nd)

Where N = total number of rodents or shrews of species X captured,
Nt = number of traps used and Nd = total trap nights. A “trap night” is
one trap set for one full night (Shilereyo et al., 2019). Trap success
has been recommended as a good measure of spatial and temporal
variations in relative abundance (Cavia et al., 2012). Pearson
coefficient was used to check the correlation between weather
parameters (relative humidity, temperature, rainfall) and habitats on
the abundance of rodents and shrews. Analysis of Variance
(ANOVA) was used to compare the abundance of rodents and
shrew among habitats, trapping months and along the elevation
gradient. Estimation of flea abundance among habitats, months and
between elevations was based on the mean abundance, which was
calculated as the number of fleas infesting particular hosts to the
total hosts examined. Prevalence was estimated as the total
number of hosts infested with a particular flea to the total number of
hosts examined.

2.2 Results
2.2.1 Rodent and shrew species composition and population
abundance

A total of 207 rodents and shrews were captured in 6048 trap nights
from all habitats sampled between elevations. Eleven (11) rodent
species (Rattus. rattus, Mastomys natalensis, Beamys hindei,
Lophuromys flavopunctatus, Lophuromys kilonzoi, Praomys
delectorum, Grammomys ibeanus, Graphiurus murinus, Mus
minutoides, Mus musculus, and Dasmys spp) and two shrew
species (Crocidura olivieri and Crocidura hirta) (Table 2.1). Praomys
delectorum (40.59%) comprised the largest percentage of all
captured rodent species, followed by Lophuromys flavopunctatus
(21.74%), Mastomys natalensis (9.66%) and Grammomys ibeanus
(8.7%). Of the least frequently captured species were: Crocidura
olivieri, (3.86%), Crocidura hirta (3.38%), Mus minutoides (3.38%),
Lophuromys kilonzoi (2.42%), Rattus rattus (1.45%), Beamys hindei
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(1.45%), Graphiurus murinus (1.45%), Mus musculus (1.45%) and
Dasmys spp (0.48%) (Table 2.1). The overall abundance of captured
rodents and shrews varied significantly among habitats (F (o, 75 =
6.22, P = 0.003) and months (F 6 = 7.97, P =0.013), but not
between elevations (F (1, 100 =0.478, P = 505). However, the
individuals captured in the low elevation had a higher relative
abundance than the ones caught in the high elevation (F (1, 19
=0.654, P = 0002), and the abundance of rodent species within the
forests, fallows and cultivated habitats differed significantly along the
elevation gradient (F (1213 -11.99, P < 0.001, (F (12.13) -2.617, P =
0.049 and (F (12,13)-33.87, P < 0.001, respectively).

Table 2.1: Number of Rodents and shrews and their percentage
relative abundance (in parentheses) in different
habitats and elevations in the agricultural landscape

Low Elevation High Elevation
Rodent species (F) (FAL) (Cv) (Fu) (FAL) (Ch) Total
L.flavopunctatus 25 (27.17) 4(36.36) 1(7.69) 12 (16.22) 1(20) 2(16.67) 45(21.74)
L.kilonzoi 3(3.26) - 2(2.7) - 5(2.42)
M.minutoides - 2(18.18) 2(15.38) 1(1.35) - 2 (16.67) 7 (3.38)
M.musculus - - 2(15.38) - - 1(8.33) 3(1.45)
M.natalensis - 4(36.36) 7(53.38) 1(1.35) 2 (40) 6 (50) 20 (9.66)
Dasmys spp - 1(9.09) - - - - 1(0.48)
G.ibeanus 6 (6.52) - 11 (14.86) - 1(8.33) 18 (8.7)
P.delectorum 43 (46.74) - 1(7.69) 40 (54.05) - 84 (40.58)
B.hindei 3(3.26) - - - 3(1.45)
G.murinus 3(3.26) - - - - - 3(1.45)
R.rattus 2(2.17) - - - 1 (20) - 3(1.45)
Shrew species
C.olivieri 2(2.17) - - 5 (6.76) 1 (20) - 8 (3.86)
C.hirta 5 (5.43) - - 2(2.7) - - 7 (3.38)
Total Captures 92 (100)  11(100) 13 (100) 74 (100) 5(100) 12(100) 207 (100)
Trap nights 1008 1008 1008 1008 1008 1008 6048
Trap success 0.091 0.011 0.013 0.073 0.004 0.011 0.03

KEY: FL - Forest low, FAL — Fallow low, CL — Cultivated low, FH — Forest
High, FAH — Fallow high, CH — Cultivated high

2.2.2 Diversity of rodent and shrew species

Species diversity of rodents and shrews varied significantly with
habitat type, along the elevation (Table 2.2) and on monthly basis (P
< 0.001). Forest low (F_) showed the highest diversity of rodents and
shrews, respectively, than the other habitats and elevations. Species
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richness and evenness also varied among habitats and elevations,
however, the apparent differences were not significant (P = 0.86).

Table 2.2: Rodent and shrew species diversity, richness and
evenness in the agricultural landscape of Mgeta

Low Elevation High Elevation
FL FAL CL Fn FAH Cu
Richness 9 4 5 8 4 5
Individuals 92 11 13 74 5 12
Shannon index 1.547 1.264 1.304 1.404 1.332 1.358
Evenness 0.522 0.8846 0.7367 0.5092 0.9473 0.7777

KEY: F. — Forest low, FA_. — Fallow low, C, — Cultivated low, Fy — Forest
High, FA4 — Fallow high, Cy — Cultivated high

2.2.3 Influence of climatic variables and elevation on rodent and
shrew variation

Rainfall, temperature and humidity showed significant influence on
the abundance of rodents and shrews in the three habitat types in
both elevations as evidenced by the same value of p (0.01).
Meanwhile, elevation showed no influence on rodent and shrew
abundance (p =0.677). However, low elevation presented a higher
number of individuals than high elevation (Table 2.1).

Table 2.3: Pearson correlation results showing the association
between climatic variables (Humidity, temperature,
rainfall) and abundance of rodents and shrews.

Variable R P

Relative humidity 0.6 <0.05
Temperature 0.5 <0.05
Rainfall 0.8 <0.05

2.2.4 Abundance and prevalence of fleas

A total of 497 ectoparasites including 199 fleas (40.04%), 292
(58.75%) mites and six ticks (1.2%) belonging to the order
Siphonaptera, Mesostigmata and Ixodida, respectively, were
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collected from the rodents and shrews. The flea species included D.
lypusus, C. calceatus and N. fasciatus, whereas mites included
Laelaps spp while ticks were Haemaphysalis spp. Overall, a total
number of 95(45.89%) rodents and 6 (2.9%) shrews were at least
infested by one of the flea species. The abundance and diversity of
fleas varied among trapping habitats, between elevations, and
among trapping months with April showing higher diversity than
others (Table 2.4), however, the difference was not significant
F (5,30) =0.984, P = 0.444).

Table 2.4: Monthly variation of flea abundance and mean
abundance (in parentheses)

December January February March April May
N(hosts) 20 16 19 35 53 63
D. lypusus 26 (1.3) 11(0.69)  19(1) 26(0.74)  29(0.55)  42(0.67)
N. fasciatus 3(0.15) 1(0.06) 0(0) 4(0.11)  2(0.04) 6(0.1)
C. calceatus 3(0.15) 1(0.06) 2(0.11) 3(0.09) 19(0.36)  5(0.08)
TOTAL 32 (1.6) 13(0.81) 21(1.11) 33(0.94) 50(0.94) 53(0.84)

Table 2.5: Species diversity, richness and evenness of fleas in
the agricultural landscape

LOW ELEVATION HIGH ELEVATION
FL FAL Co Fu FA4 Ch
Richness 3 3 1 3 2 2
Individuals 61 18 12 85 7 20
Shannon Index 0.714 0.66 0 0.805 0.41 0.199
Evenness 0.681 0.642 1 0.745 0.753 0.763

KEY: F. — Forest low, FA_ — Fallow low, C. — Cultivated low, Fy — Forest
High, FA4 — Fallow high, Cy — Cultivated high

2.2.5 Hosts sex, age and flea biased parasitism

Although females made up the majority of total captures (53.6%),
male rodents and shrews were more infested by fleas (F (1.4 = 11.2,
P = 0.04) than females. Also, adult males were more preferred by
fleas than juveniles (F (1 .4) = 40.97, P < 0.001)
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2.3 Discussion

To our knowledge, this is the first study reporting on the diversity
and relative abundance of rodents and shrews and their flea-
ectoparasites in different habitats and elevations in Mgeta. Nearly all
the rodent and shrew species as well as their ectoparasite-vectors,
particularly D. lypusus, recorded in this study have been previously
identified in Northern Tanzania (Meliyo et al., 2014; Makundi et al.,
2015) as well as in neighbouring countries of Kenya (Oguge et al.,
2009) and Uganda (Bai et al., 2017). Some of the rodent species,
like R. rattus as well as their associated ectoparasites, are regarded
as reservoirs and vectors of various pathogens, respectively.

As expected, species diversity and richness of rodents and shrews,
with their flea ectoparasites were higher in forest habitats. This
demonstrates the importance of protection in maintaining habitat
and, species diversity and richness in the ecosystem. The recorded
a high abundance of rodents than shrews by this study was
anticipated because of rodents’ high adaptability and colonization
potential across diverse habitats (Fabre et al., 2012).

Praomys delectorum was the most abundant, with over 46 % and 54
% contribution in F_ and Fy respectively, whereas L. flavopunctatus
ranked second. The high abundance of P. delectorum was expected
since the species is known to be primarily a forest specialist that
usually occur in intact or tropical high forests that have undergone
minimal levels of human disturbance (Isabirye-Basuta and Kasene,
1987; Makundi et al 2007; Gebrezgiher et al., 2022). Similar results
were obtained from Kilimanjaro Mountain (Mulungu et al., 2008) and
the Usambara Mountain, Tanzania (Hieronimo et al., 2014;
Ralaizafisoloarivony et al., 2014).

L. flavopunctatus inhabits a wide range of forested habitats including
primary and secondary forests (Monadjem et al., 2015),
characterized by cool moist environments (Clausnitzer and Kityo,
2001; Happold, 2013). This species was captured mostly at lower
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elevations near a river. It was previously observed that Lophuromys
spp are highly adapted to different environmental settings, and they
tend to colonize disturbed habitats (Massawe et al., 2005) similar to
our findings in the three habitat types in the current study.

This study also confirmed that G. murinus is a forest-specialist
species (Krystufek et al., 2004), as it was the only individual that was
captured in the forest, although Mulungu et al. (2008) on Mount
Kilimanjaro in Tanzania, and Rowe-Rowe and Meester (1982) in
Natal Drakensberg in Southern Africa, reported the occurrence of
this species in the woodlands and rocks, respectively.

Fallows and cultivated land mostly, in both elevations were
significantly dominated by M. natalensis which supports that this is a
generalist rodent species with the widest distribution than any other
African rodent (Mulungu et al., 2013; Mayamba et al., 2019). It is
usually associated with agricultural fields and peri-domestic
environments but can also be found in natural savannah and
grasslands, and easily increase in abundance after any kind of
disturbance (Monadjem et al., 2015). Apart from being exclusively
spotted in disturbed habitats, the species has, nonetheless, been
reported to occur even in undisturbed habitats (Makundi et al.,
2010).

Rodents and shrew abundance in this study was highest in the low
elevations. In contrast, however, some species such as G. ibeanus
and C. olivieri showed a different trend of abundance along the
elevations, which decreased with increasing elevation. This affirms
the notion that different small mammal groups have different
requirements and tolerance along the elevation gradient. This further
confirms the results of Mulungu et al. (2008) on Mount Kilimanjaro,
and Clausnitizer and Kityo (2001) on Mount Elgon in Tanzania and
Uganda respectively, who reported on habitat preference by several
rodent species, like Rhabdomys pumilio, for moorlands, grassland
and sub-alpine zones on high altitudes.
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The overall habitat settings of the current study revealed that
proximity of forests to households and farmlands, may have
facilitated the free movement of species from one habitat type to
another in search for food. This could explain the presence of
commensal rodent species such as R. rattus, M. natalensis, M.
minutoides and M. musculus in the forest and cultivated lands,
respectively. These results are in agreement with the findings of
Bowland and Perrin (1993), who reported that rodents tend to move
short distances, with ranging distances being influenced by food
scarcity. However, Goodman (1995) in Madagascar further reported
the ability of the R. rattus to compete for resources with native
rodent species (subfamily Nesomyinae) and ultimately to inhabit
different habitats.

Despite having limited distribution in east Africa, Grammomys
ibeanus and Crocidura spp were caught in all elevations, however,
more in forest habitats. The phenomenon that could link the former
with the genus’- overall character of inhabiting moist zones
(Kingdon, 1997). Other species of the same genus (G. macmillan, G.
dolichurus and G. cometes, however, have been reported to exist in
woodlands, and thickets all over sub-Saharan Africa (KryStufek et
al., 2008; Bryja et al., 2017). The higher occurrence of Crocidura spp
in the forest agrees with Kadjo et al. (2013) in Banco National Park,
Ivory Coast and may be related with their preference for dense herb
layer in search of food sources particularly insects.

In line with Horvéath et al. (2001), and Kasangaki et al. (2003), the
diversity and trap success of rodents and shrews was highest in the
forest habitats, compared to fallow and cultivated habitats along the
elevation gradient. Pickett (1994) elucidated that in the forest-kind of
vegetation such as ecotones, there are generally heterogeneous
distribution of food sources as well as moderate climatic conditions
which greatly attract a diversity of rodents. Nevertheless, greater
size of boarder zones in the forest might have negative effects such
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as massive change of climatic conditions as well as vegetation
pattern (Saunders et al., 1991 Bierregaard et al., 1992).

In aggregate, December presented with the highest diversity of
rodent and shrew species, compared to other months, despite
showing the least number of individuals for both species. This could
be related to prevailing short rainfall over the entire month. This
finding agrees with that of Brown (1973) in eastern California,
Nevada and Western Utah, reporting on the high increase of rodent
and shrew diversity due to persisting precipitation. In addition, the
peaked diversity of rodents and shrews in December could also be
related to the pre-harvesting period in cultivated lands. This also
agrees with Dubale and Ejigu (2015) in Aquatimo forest patches in
Ethiopia, relating the increase in availability of food sources.

Climatic factors also influence the abundance of rodents and
shrews. Similar to the observation made by Galiano et al. (2013) in
Araucaria Forest of Southern Brazil, this study showed that rainfall,
temperature and relative humidity have greater influence on the
abundance of rodents. Climatic variables rather than landscape
structure are highly considered due to their ecological support in
terms of food, survival and reproduction, which are ultimately the
determinants of a functional diversity and abundance for small
vertebrates (Lima et al., 2002). However, rainfall has other ways
thought to give it potential ahead of other factors. This finding
confirms several other reports in many areas of tropical Africa where
the amount of rainfall has been shown to strongly affect the
abundance of rodents and shrews (Fleming and Loveridge 2003).
For example, Makundi et al. (2007) in Magamba forest reserve along
the western Usambara Mountains in northern Tanzania reported a
strong influence of rainfall on the reproduction and the overall
population dynamics of rodents and shrews.

Female rodents and shrews outnumbered males in this study which
conforms with findings elsewhere (Santra and Manna (2008), and
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Takele et al. (2022). This could be due to inter-seasonal dynamics,
gender disparities in behavior, and seasonal fluctuations in habitat
availability, all of which have a substantial effect on population
structure, species composition, and sex disparities in mobility,
among others (Mmetwaly et al., 2009; Mushtaq et al., 2014).
However, only a more intensive and longer sampling could explain
this ambiguity. Additionally, the reactions of rodent and shrew
populations to various types of environmental disturbances may also
involve changes in the sex ratio (Xianguo and Tijun, 2001; Koskela
et al., 2009). A biased sex ratio could be a sign of population stress
caused by habitat degradation (Banks et al., 2011; Shilereyo et al.,
2022). In an undisturbed forest, for instance a 1:1 sex ratio is
predicted, assuming parents invested equally in offsprings of either
sex (Leturque and Rouset, 2003; Fontarbel, 2012). However, our
results deviated slightly from this assumption in the forest habitat in
both elevations which may be due to elevation and environmental
variations.

In line with Khanam et al. (2017), Dadi et al. (2020) and Takele et al.
(2022), this study presented the overall highest number of adult
rodents than juveniles. This is a common trend in small mammal
populations, and could be due to exploratory behavior and body
weight inequalities. Adults have a more developed exploratory
behavior and are heavier, which are critical features for either finding
the bait or triggering the door-closing mechanism of Sherman® traps
(Parra-Vargas et al., 2020). Another explanation could be due to the
existence of vast adult home ranges, which reduces the cost of
competing with juveniles (Gebresilassie et al., 2006).

The dominance of D. lypusus (Hystrichopsyllidae) in this study has
also been reported by previous studies as being the most common
species of rodents, widespread in East Africa (Kilonzo and Mhina,
1983; Makundi et al., 2003; Laudisoit et al., 2007) and, an important
and efficient vector of Y. pestis - plague (Zimba et al.,, 2012;
McCauley et al.,, 2015). Furthermore, temperatures ranging from
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10°C and 30°C promote the reproduction of this flea species.
(Bahmanyar and Cavanaugh, 1976), which was the temperature
range in our study area. Notably, C. calceatus ranked second and N.
fasciatus was the least in abundance of all fleas collected. However,
unlike D. lypusus both species are regarded as non-efficient vectors
of plague (Devignat, 1946).

Despite being considered passive vectors of plague in East Africa,
the unique distribution of C. calceatus and the relatively low
abundance of N. fasciatus on the rodents and shrews may be
related to differences in host specificity. Unlike C. calceatus, whose
host species vary among rodent and shrews, humans are among
hosts associated with N. fasciatus (Zajac et al., 2020), thus their low
abundance may probably have been due to absence of humans as
hosts in this study.

In consideration of the variation in rodents and flea distribution;
regardless of species, the abundance of rodents, shrews, and
associated fleas was highest in April and May, while it was lowest in
January and February. Unlike the latter months, April and May were
near the end of the long rainy season in the study area. Hence, the
impact of rainfall may have similarly dictated their distribution (Pavey
and Nano, 2013; Meheretu et al.,, 2015; Thibaut et al., 2010).
Following the average rainfall, there is expectedly growth and overall
increase in reproduction in plants. As a result, abundant food
sources and ultimately high rodent and flea population (Gubler et al.,
2001; Brown and Ernest, 2002).

The results of this study further showed that the diversity of rodents
and shrews decreased with elevation and that flea turnover was
independent of host turnover. Flea diversity index was higher on
high elevation than on lower elevation, with the opposite being true
with rodents and shrews. This did not reflect the expectation that a
broader host community will have, also, a greater number of
parasites (Krasnov, 2008). These shifts were presumably as a result
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of observed variations in the composition and structure of vegetation
in different habitats and elevations associated with land-use
conversion (McCauley et al., 2015).

Sex and age biased flea parasitism is crucial in the selection
processes with males usually having a higher parasite prevalence
and load relative to females across different habitats and altitudes
(Krasnov, 2005). The larger body size of male rodents in comparison
to females leads to heavier flea infestation (Herrero-Cofreces et al.,
2021). This was demonstrated in the current study as fleas showed
a male-biased infestation pattern which is in contrast with other
studies in bats, that flea parasitism is mostly female-biased (Kiffer et
al., 2013). However, the proportions of infested males and females
did not differ substantially. On the other hand, the difference in type
and sometimes hormone levels, particularly during reproductive
period, is thought to cause the variation of flea infestation with males
showing stronger biased parasitism than female hosts (Kiffner et al.,
2014).

Results of this study further reaffirms the remarkable phenomenon
of adult small mammal hosts having the highest flea infestation
compared to juveniles (Krasnov et al.,, 2006). This scenario is
perceived to be caused, indirectly, due to foraging behavior
(Hawlena et al., 2005). Unlike adults, the bodies of juvenile hosts are
constantly under high energy demand for maintenance, growth
maturation, and consolidation of the immune system, as a result
they become less exposed than adults. Smit et al. (1962), linked
continuous adult biased parasitism to home range as they can
occasionally leave their nests and become infested elsewhere.

2.4 Conclusion and Recommendations

This study revealed variation in the abundance, evenness and
diversity of rodents and fleas across habitats and along an elevation
gradient. The fact that the abundance, species diversity and
richness of rodents, shrews and fleas was highest in the forest
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habitats. This implies a greater habitat heterogeneity and complexity
as well as less human activities in the forest supports species
survival. Cultivated land supports abundant and more diverse rodent
and shrew species than fallow land due to greater food availability,
especially post-harvest. This aggregates that small mammal
species' population dynamics in the environment can be affected as
a result of changes in the quantity and quality of resources related to
cultivation (Massawe et al., 2005). All the climatic variables
(temperature, rainfall and relative humidity) tested in this study
showed a significant influence on the abundance of rodents and
shrews, which implicates the significant role of seasonal changes in
determining the abundance and distribution of species along an
elevation gradient.

In the face of current extensive farming and transformation of natural
landscape into farmlands in Mgeta, it is essential to generate more
effective conservation policies focused on managing the remaining
forest patches and small mammal. Furthermore, the discovery of
ectoparasites of public health importance (i.e D. lypusus) calls for
implementation of preventive strategies and awareness among the
local communities. This is reinforced by the notion that agricultural
transformation has the potential to increase rodent borne infection
especially Y. pestis - plague (Makundi et al., 2005). We, therefore,
recommend that future studies should further investigate population
dynamics of rodents, shrews and fleas across seasons to monitor
and better understand species temporal variations over time.
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ABSTRACT

Fleas are of great epidemiological importance because they transmit
disease pathogens from animals to humans. This study aimed to
assess fleas on rodents and shrews in habitats sampled between
altitudinal elevations in an extensive agricultural landscape of Mgeta
from December 2021 to May 2022. Three three habitats of forest,
fallow and cultivated lands, in selected high and low elevations, were
sampled for rodent prevalence. Removal rodent trapping method
was employed in which five line transects of 50m were drawn in
each habitat from which a total of 199 fleas were collected from 207
rodents and shrews captured. A total of 95 (45.89%) rodent and 6
(2.8%)shrew species were infested with either Dinopsyllus lypusus,
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Nosopsyllus fasciatus or Ctenopthalmus calceatus flea species.
Overall, Rattus rattus, Mastomys natalensis and Lophuromys
flavopunctatus presented highest flea infestations among the rodent
hosts. The mean abundance of fleas presented a significant
variation among host species (F (12, 104y = 11.82, P < 0.001), habitats
(F (2, 204 = 9.935, P < 0.001) and along the elevation gradient (F (1, 205
- 10.15, P = 0.02). Similarly, prevalence varied significantly among
hosts (F (12, 104y = 22.44, P < 0.001) and habitats (F (>, 204) = 4.837, P =
0.009) but not in elevation (F (1, 205y - 0.291, P = 0.59). The mean
intensity varied significantly among hosts (F (2, 194y = 9.257, P <
0.001) and along the elevation- gradient (F (1, 205y = 47.91, P < 0.001)
but not among habitats (F (o, 204 = 0.75, P = 0.474). Rainfall was
strongly associated with mean abundance of fleas (r = 0.054, P <
0.05), but temperature, elevation and humidity were correlated with
either mean intensity or prevalence of fleas on the rodent hosts.
Given the presence of several flea species, among which
Dinopsyllus lypusus the efficient vector of Yersinia Pestis in East
Africa, effective and combative strategies should be implemented to
ensure public health is strengthened in the entire ecosystem.

Keywords: Elevation, Flea, Habitat, Rodent, Shrew, Prevalence
Mgeta, Tanzania, Zoonoses.
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3.0 INTRODUCTION

Fleas are common ectoparasites of a wide variety of living
organisms, including rodents and shrews (Linardi and Krasnov,
2013). They are hematophagous and greatly specialized as vectors
of pathogens (Smith et al., 2021). While some species of fleas are
restricted or specialized to particular hosts, others have a wide host
range (Maleki-Ravasan et al., 2017) Mammalian but blood is the
only meal option for the fleas, and they readily invade other animals
in the absence of their usual hosts (Amatre et al., 2009). Fleas are of
great epidemiological importance in the transmission of disease
pathogens from animals to humans (Durden and Hinkle, 2019). They
have often been regarded as the primary agents for the transmission
of the plague causing pathogen, Y. pestis (Kilonzo et al., 1997;
Laudisoit et al., 2007: Makundi et al., 2008: Hinnebusch et al., 2016)
as well as other diseases like murine typhus (Eremeeva et al.,
2008), Rickettsioses (Tay et al., 2014), and tungiasis (Feldmeier et
al., 2013). Surprisingly, there are considerations of the possible
involvement of fleas in the transmission of diarrhea, dysentery and
tularemia pathogens (Hinnebusch et al., 2016) but indisputably, fleas
are a nuisance/annoyance as they cause severe itching on its
victims skin (Jones, 1987; Bitam et al., 2010).

The prevalence and spatial distribution of fleas on rodents and
shrews, are presumed to be affected by co-association, or
independent cause of abiotic and biotic factors (Laudisoit et al.,
2009; Pontifes et al., 2022; Lopez-Pérez et al., 2022). However, due
to temporal inhabitation on the hosts’ bodies, the overall distribution
of some flea species is strongly related to environmental factors
such as relative humidity, temperature, geographical range,
seasonal variation and human activities (Metzger and Rust, 1999:
Gutiérrez et al., 2014) than biotic factors such as skin covering, age,
sex, reproductive status, host species and density (Krasnov et al.,
2004; Hammond et al., 2019). Anthropogenic activities, particularly
agriculture, are considered the most determinant of flea species
distribution among hosts and between different geographical ranges
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(Van der Mescht et al., 2013; McCauley et al., 2019). This is further
validated by either indirect effect, in which land manipulation tends
to alter host’s distribution first, and associated fleas later or directly,
when the same disturbance in later growth stages of the flea larvae
(Krasnov et al., 2001; Herrero-Cofreces et al., 2021).

Landforms, including mountains, provide rodents, shrews and their
ectoparasite - fleas with safe havens for survival and nourishment
(Laudisoit et al., 2009; Kowalski et al., 2014). Their distribution has
been related with overall habitat change as a result of human and
natural disturbance (Paramasvaran et al., 2009; Van der Mescht,
2011; Hamidi and Moravvej, 2015). Considering the ongoing
anthropogenic activities, particularly crop cultivation and livestock
rearing, and the fact that there is no information on potential
zoonotic disease vectors associated with rodents and shrews in
Mgeta, compared to other districts, e.g. Lushoto and Hanang
districts, which present with similar environmental landscapes and
microclimate. There is, therefore, reason to investigate the potential
of rodent ectoparasites in transmitting diseases, such as plague, for
the interest of public health protection.

Plague is a vector-borne disease caused by the gram negative, non-
motile and non-spore forming coccobacillus bacterium, Y. pestis
which infects diverse mammals. Rodents are considered the natural
reservoirs once they survive the initial infection (Nyirenda et al.,
2018). The prevalence of plague in small mammal populations is
generally overlooked until outbreaks in human populations,
particularly in zoonotic foci. In Tanzania, much of the plague
surveillance apparatus has evolved in an ad hoc manner, with most
treatment/preventions being done only after human cases are
recorded, rather than on substantiation of the disease among natural
reservoirs. This is a gap in disease control effectiveness of this often
fatal disese and, therefore, the need for continuous surveillance and
rapid intervention when need arises (Haikukutu et al., 2022).
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This study aimed, therefore, to investigate various flea species on
rodents and shrews, as well as to examine their potential in causing
diseases, especially Y. pestis plague. Furthermore, it investigated
the effect of climatic and physical variables (temperature, relative
humidity, rainfall and altitude) on the abundance of fleas on rodent
and shrew populations taking Mgeta highlands as a reference.

3.1 Methodology

3.1.1 Materials and methods

3.1.1.1 Study area

The study was conducted from December 2021 to May 2022 in
Mgeta ward, Mvomero District, specifically in Vinile village located 7°
2’ 8” S and 37° 33'55” E in Tanzania (Fig 3.1). The Ward lies about
60km South-East of Morogoro Region in the Western slopes of
Uluguru Mountains at an altitude of 1100 to 1950m above sea level
(Nziku et al., 2016). The Uluguru Mountains are part of the Eastern
Arc Mountain range which is a hotspot for diversity and an important
area for the conservation of biodiversity in Tanzania (Burgess et al.,
2001). The area is characterized by bimodal rainfall pattern, with a
long rainy season between March and May, and a short rainy
season between October and January each year (Chidodo et al.,
2020). Annual precipitation ranges from 700 to 2,300mm, with higher
amounts being found at higher elevations. Average temperatures
range from 18 ° C, in the cooler season to 30 ° C in the warmer
months of the year. The soils are well-drained, moderately deep,
reddish to yellowish sandy clay loams, and sandy clays (Burgless et
al., 2007).



45

T1'Sy
B % ' |
|| Legend | Elevation a. 5. | (m)
il Virde vilage Cantour ' I Low (1975 - 1500)
\ | | | Mgeta wara Vawrd boundary ‘ - High {1500 - 2363)

| Muomeno dstnat Targania boundary

i
==

. 1 ; | Morogoro regon [ V\ovter body
Figure 3.1: Map of Mgeta ward showing study sites of different
habitats and elevations. Source: QGIS Version 3.24
Tisler’ retrieved on 31 August 2022

The study area was stratified into two elevation ranges (1 100 to
1500 m a.s.l and 1 600 to 1 900 m.a.s.l), which were referred to as
low and high elevations, respectively. In each stratum, three different
habitats (i.e. forest, fallow, and cultivated land) were selected. As
each stratum contained similar habitats, forest, fallow, and cultivated
land in high and low elevation were denoted as Fu, FAL, Cy and F,
FA_, C., respectively.

3.1.1.2 Study design and trapping of rodent and shrew

Study design

The study was of repeated cross sectional one and trapping was
done for three days consecutively, at intervals of four weeks and for
a total period of six months from December, 2021 to May, 2022.
Trapping of the rodent and shrew was done in three habitat types
(forest, fallow, and cultivated) at the low and the high elevation
gradients Removal trapping method was employed in which five line
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transects of 50m were established in each habitat. On each transect,
ten Sherman® live traps (23 x 9 x 8 cm; H.B. Sherman Traps, Inc.,
Tallahassee, Florida) were laid 10m apart. Two Havahart ® traps (60
x 15 x 170 cm) and five local traps were also laid randomly within
each of the three habitats types, making a total of 57 traps per
habitat type in the lower and high elevations, and a total of 342 traps
across the whole study area. The setting of the traps was done
simultaneously in the three habitat types both in low and high
elevations. To increase the likelihood of trapping a wide diversity of
the rodent and shrew, traps were baited with peanut butter and
maize flour, green maize, avocado and ripe bananas (Andrzejewski,
2002; Nyirenda et al., 2020). Traps were set in the evening at
18.00h and inspected next day in the morning at 7.00h.

3.1.1.2 Identification of rodent and shrew

Identification of the captured rodent and shrew was done to species
level using keys and illustrations developed previously (Happold
2015). This was aided by further recording other body parameters
including weight, sex and maturity/breeding condition.

3.1.1.3 Collection of fleas

Collection of fleas was done after anaesthetizing the rodents and
shrews with 90% Diethyl Ether (C4H100) EMPLURA® (Katakweba et
al., 2013). The fur of the animals was then brushed thoroughly with a
hard toothbrush to disengage the ectoparasites into a flat basin lined
with a white plain cloth (Eads and Biggins, 2019). Thereafter, fleas
and other ectoparasites were gently picked, using a fine camel brush
into vials containing 70% ethanol for preservation (Nyirenda et al.,
2018) and then transported to the Laboratory at the Institute of Pest
Management (IPM) at Sokoine University of Agriculture (SUA) for
further processing and identification.

3.1.1.4 Processing and identification of fleas
The fleas were removed from the vials, boiled in 10% KOH for 10mn
and then transferred into acidified water and subsequently rinsed in
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distilled water. After rising were put in 50% ethanol for 1h then into
70% ethanol for another 1 hour and into 95% of ethanol for an hour
to clear them and subsequently, in clove oil overnight. Mounting was
done using DPX solution followed by examination under a
compound microscope (Bahmanyar and Cavanaugh, 1976). Fleas
were identified based on their main features which include genal
combs, pronotal combs, reproductive organs (spermathecae in
females and penis plates in males), and the shape of their heads
(Nyirenda et al., 2018), for species confirmation according to Kohl
(1957).

3.1.2 Data analysis

Raw data were entered and coded in Microsoft excel and data
analysis was done using Statistical Package for the Social Sciences
(SPSS) version 26 (IBM Corporation, Armonk, NY, USA). Estimation
of flea infestation on the examined hosts was based on prevalence,
mean abundance and mean intensity. Prevalence was estimated as
the total number of individuals infested with at least one flea species
over the total number of hosts examined multiplied by 100. Mean
intensity was estimated as the total number of fleas that infested a
particular host species to the total number of hosts infested with the
parasite. Mean abundance of fleas was estimated as the total
number of fleas that infested a particular host species to the total
number of hosts examined. Likewise, computation of potential
zoonotic fleas was estimated using the Specific Flea Index (SFI) as
the total number of zoonotic-associated flea species on a particular
host species to the total number of host species examined
(Chotelersak et al., 2015).

Specific flea index (SFI) = Number of flea species collected from host species Z
Number of individual species Z examined

Analysis of Variance (ANOVA) was used to compare prevalence,
mean abundance and mean intensity of fleas among host species,
habitats, elevation gradient, host, age and sex. Pearson’s correlation
coefficient test was used to establish the association of elevation
and weather parameters (humidity, temperature and rainfall) on the
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mean abundance, mean intensity and prevalence of fleas on hosts
examined.

3.2 Results

3.2.1 Prevalence and abundance of fleas

A total of 199 fleas belonging to three species were collected from
207 rodents examined which were Dinopsyllus lypusus, with highest
prevalence of 38.65%, followed by Ctenopthalmus calceatus
(8.21%) and Nosopsyllus fasciatus (4.83%). A total of 101 (48.79 %)
hosts comprised of rodents (Rattus rattus, Mastomys natalensis,
Beamys hindei, Lophuromys flavopunctatus, Lophuromys kilonzoi,
Praomys delectorum, Grammomys ibeanus, Graphiurus murinus,
Mus minutoides, Mus musculus, Dasmys spp), while the rest were
shrew species (Crocidura olivieri and C. hirta) species (Table 3.1).
The mean abundance of fleas (Table 3.2) varied significantly among
host species (F (12, 194y = 11.82, P < 0.001), P < 0.001), between
elevations (F (1, 205) = 10.15, P = 0.02) and among habitats (F , 204 =
9.935, P < 0.001). Prevalence (Table 3.3) varied significantly among
hosts (F 12,194y = 22.44, P < 0.001) and habitats (F 2, 204y = 4.837, P =
0.009) but not along the elevation gradient (F (1, 205 - 0.291, P =
0.59). Whereas the mean intensity (Table 3.4) varied significantly
along the elevation gradient (F (1, 20s) = 47.91, P < 0.001) and among
hosts (F (12, 194y = 9.257, P < 0.001) but not habitats (F (2, 204y = 0.75, P
=0.473).
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Table 3.1: Overall prevalence of flea species on rodents and

shrews
Number of hosts infested (Prevalence, %)
n Ctenopththalmus Dinopsyllus Nosopsyllus
Host species (host) calceatus lypusus fasciatus
L. flavopunctatus 45 11(5.31) 17 (8.21) 3(1.45)
L. kilonzoi 5 1(0.49) 3(1.45) -
M. minutoides 7 - 3(1.45) -
M. musculus 3 - 1(0.49) -
M. natalensis 20 1(0.49) 14(0.07) -
Dasmys spp 1 - - 1(0.49)
G. ibeanus 18 1(0.49) 5(0.02) -
P. delectorum 84 3(1.45) 29(14) 1(0.49)
B. hindei 3 - 1(0.49) 1(0.49)
G. murinus 3 - - -
R. rattus 3 - 1(0.49) -
C. olivieri 8 - 2(1) -
C. hirta 7 - 4(1.9) -
N=76
Total 207 N= 17 (8.21%) (36.71%) N=6(2.9%)

Table 3.2: Mean abundance of fleas on rodents and shrews

among habitats and between elevations

Number of fleas (Mean Abundance)

Low Elevation High Elevation

Host species n(hosts) FL FAL C. Fn FA4 Ch Total

L flavopunctatus 45  24(0.12) 13(0.06) - 15(0.07) 3(0.01) 1(0.004) 56 (0.27)
L. kilonzoi 5 1(0.004) - - 7(0.03) - - 8(0.04)
M.minutoides LA ; - 1(0.004) - 40.02)  5(0.02)
M.musculus 3 - - 1(0.004) - - - 1(0.004)
M.natalensis 20 40.02) 8(0.04) 1(0.004) 4(0.02) 10(0.05) 27(0.13)
Dasmys spp 1 - 1(0.004) - - - - 1(0.004)
G.ibeanus 18 2001 - . 9(0.04) - 11(0.05)
P. delectorum 84 19(0.1) - - 28(0.14) - 47(0.23)
B.hindei 3 1(0.004) - - - - 1(0.004)
G.murinus 3 R _ _ B _ B _
R.rattus 3 6003 - - - - 3(0.01)  9(0.04)
C.olivieri 8 R R _ 40.02) - 4(0.02)
C. hirta 7 4002 - - 2(0.01) - - 6(0.03)
Total 207  57(0.28) 18(0.09) 9(0.04) 67(0.32) 7(0.03) 18(0.09)  176(0.85)

KEY: F. - Forest low, FA_. — Fallow low, C. — Cultivated low, Fy — Forest

High, FAy — Fallow high, Cy — Cultivated high
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Table 3.3: Prevalence of fleas on rodents and shrews among
habitats and between elevations

Number of hosts infested (PREVALENCE, %)

Low Elevation

High Elevation

Host species n(host) Fo FAL C. Fu FA4 Cx Total

L flavopunctatus 45 16(7.7) 4(1.9) 6(2.9) 1(0.49) 1(0.49) 28(13.5)
L. kilonzoi 5 1(0.49) - 2(0.97) - - 3(1.45)
M. minutoides 7 - 1(0.49) - 2(0.97) 3(1.45)
M. musculus 3 - 3(1.45) - 3(1.45)
M. natalensis 20 3(1.45%) 5(2.42) 1(0.49) 1(0.49) 4(1.93) 14(6.76)
Dasmys spp 1 1(0.49) - 1(0.49)
G. ibeanus 18 2(0.97) - 5(2.42) - - 7(3.4)
P. delectorum 84 19(9.2) - 43(20.77) - - 62(29.95)
B. hindei 3 2(0.97) - - 2(0.97)
G. murinus 3 - -

R. rattus 3 2(0.97) - 1(0.49) 3(1.45)
C. olivieri 8 - 2(0.97) - - 2(0.97)
C. hirta 7 3(1.45) - 1(0.49) - - 4(1.93)
Total 207  45(21.74) 8(3.86) 8(3.86) 61(29.47) 2(0.97) 8(3.86) 132(67.77)

KEY: F. — Forest low, FA_. — Fallow low, C_. — Cultivated low, Fy — Forest
High, FAn — Fallow high, Cy — Cultivated high
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Table 3.4: Mean intensity of fleas on rodents and shrews among
habitats and between elevations

Number of fleas (Mean Intensity)

Low Elevation High Elevation

Host species n(host) F FAL CL Fy FA4 Cu Total
havopunctatus 28 24(0.24) 13(0.13) - 15(0.15) 3(0.03) 1(0.01) 56(0.55)
L. kilonzoi 3 1(0.01) - - 7(0.07) - - 8(0.08)
M.minutoides 3 _ _ - 1(0.01) - 4(0.04) 5(0.05)
M.musculus 1 _ _ 1(0.01) - - - 1(0.01)
M.natalensis 15 - 4(0.04) 8(0.08) 1(0.01) 4(0.04) 10(0.1) 27(26.73)
Dasmys spp 1 - 1(0.01) - - - - 1(0.01)
G.ibeanus 7 2(0.02) _ R 9(0.09) - - 11(0.11)
P. delectorum 32 19(0.19) R - 28(0.28) . - 47(0.47)
B.hindei 2 1(0.01) - - - - - 1(0.01)
G.murinus

R.rattus 3 6(0.06) _ R - - 3(0.03) 9(0.09)
C.olivieri 2 R R - 4(0.04) - - 4(0.04)
C. hirta 4 4(0.44) n - 2(0.22) - 6(0.06)
Total 101 57056 18(0.18) 9(0.09)  67(0.66) 7(0.07) 18(()118 177(1.75)

KEY: F. — Forest low, FA_ — Fallow low, C. — Cultivated low, Fy — Forest
High, FAy — Fallow high, Cy — Cultivated high

3.2.2 Host sex, age and weather parameters vs flea assemblage
Overall, adults (F .4 - 32.78, P < 0.001) and male hosts (F (1,24) =
11.2, P = 0.04) presented with the highest prevalence of fleas than
females. However, neither rainfall, temperature nor humidity were
correlated with mean flea intensity ({r= -0.074, P = 0.29}, {r = -0.046,
P=0.509}, {r = 0.075, P = 0.28}) and prevalence ({r=0.04, P = 0.53},
{r= 0.01, P= 0.88}, {r= 0.03, P= 0.6}), respectively. With regards to
the mean abundance, rainfall (r = 0.054, P = 0.044) presented a
stronger association than temperature (r = 0.012, P = 0.867) and
humidity (r= 0.0, P=1).
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3.2.3 Zoonotic potential of flea species

The Specific Flea Index (SFI) varied among habitats, hosts and
along the elevation gradient (Table 3.5), with D. lypusus taking
precedence over other species.

Table 3.5: Specific flea index (SFI) of Dinopsyllus lypusus on
rodents and shrews among habitats and between

elevations
Number of fleas (Specific Flea Index -SFl)
Low Elevation High Elevation
Host species N(Host) F_ FA_ C. Fu FA4 Cq Total
Lflavopunctatus 45 16(0.08) 9(0.04) - 5(0.02) 1(0.004) 1(0.004) 32(0.15)
L. kilonzoi 5 1(0.004) - R 6(0.03) - - 7(0.03)
M. minutoides 7 R R R 2(0.01) - 4(0.02) 6(0.03)
M. musculus 3 - - 1(0.004) - - - 1(0.004)
M. natalensis 20 - 5(0.02) 4(0.02) 1(0.004) 5(0.02) 9(0.04) 24(0.12)
Dasmys spp 1 - 1(0.004) - - - - 1(0.004)
G.ibeanus 18 1(0.004) - - 6(0.03) - - 7(0.03)
P.delectorum 84 17(0.08) - _ 33(0.16) - - 50(0.24)
B.hindei 3 2(0.01) - - - - - 2(0.01)
G. murinus 3 -
R.rattus 3 6(0.03) - - - - 3(0.01) 9(0.04)
C.olivieri 8 R R R 8(0.04) - - 8(0.04)
C.hirta 7 4(0.02) - - 2(0.01) - - 6(0.03)
Subtotal 207 47(0.23) 15(0.07) 5(0.02) 63(0.3) 6(0.03) 17(0.08)
Total 67(0.32) 86(0.42) 0.74

KEY: F. - Forest low, FA_. — Fallow low, C_. - Cultivated low, Fy — Forest
High, FAn — Fallow high, Cy — Cultivated high
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3.3 Discussion

Three species of fleas (Dinopsyllus lypusus, Ctenopthalmus
calceatus and Nosopsyllus fasciatus) were recorded. These flea
species have been previously reported in northern Tanzania
(Makundi et al., 2008; Ziwa et al., 2013; McCauley et al., 2015)
Uganda (Bai et al., 2017) and Kenya (Oguge et al., 2009). Some of
the flea species particularly D. lypusus, are regarded as vectors of
pathogens such as Yersinia pestis, the causative agent of plague.
Thus, great care and avoidance strategies should be observed in the
landscape.

Co-infestation reflects the assemblage of fleas where different
species occurs on the same host (Khokhlova et al., 2015). In line
with previous surveys (Haule et al.,2013; McCauley et al.,2015;
Msangi, 2019) conducted in northern Tanzania, this study has
presented co-infestation of flea species on various hosts such as P.
delectorum and L. kilonzoi. This phenomenon is likely to be triggered
by facilitation through suppression of the immune system of hosts
harboring them. As different flea species are known to be infected by
the same pathogen (Rodriguez-Pastor et al., 2019), several other
pathogens can be harbored by the same hosts (Han et al., 2015).
Therefore, simultaneous infestation by different flea species could
increase the danger of transmission of zoonotic diseases from the
rodents.

Dinopsyllus lypusus, which has previously been identified as an
important and efficient vector of plague-causing pathogen, Y. pestis,
in east Africa (Kilonzo and Mhina, 1983; Makundi et al., 2003;
Shihepo et al., 2008) was more abundant and prevalent than any
other flea species on the rodent and shrew hosts studied. This
scenario can be attributed to the prevailing favorable climatic
conditions in the study area. Bahmanyar and Cavanaugh (1976)
reported that the propagation of D. lypusus is dependent on to
temperature changes ranging from 10 °C to 30 °C, which was the
temperature range in the study area. Nosopsyllus fasciatus and C.
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calceatus, the other fleas recorded, were also prevalent on various
hosts. However, they are regarded as non-efficient vectors of the Y.
pestis (Devignat, 1946).

Unlike wild rodent and shrew species, most of the other species (eg.
M natalensis, R. rattus and M. minutoides) inhabiting domestic and
peri-domestic settings, were exclusively infested with D. lypusus.
Some surveys on zoonotic diseases, especially plague (Msangi,
1969; Kilonzo and Mhina, 1982; Njunwa et al., 1989), have reported
on the potential role of D. lypusus and Xenopsylla brasiliensis as the
most efficient vectors of plague, together with R. rattus and M.
natalensis as the main reservoirs of Y. pestis in Tanzania. However,
the findings of this study suggest that zoonotic threats are likely to
be caused by the respective hosts, given the presence of fleas on
them and especially that they they live near human dwellings (Feng
and Himsworth, 2014; Torres-Castro et al., 2016; Nyirenda et al.,
2020).

Praomys delectorum, an arguably forest dwelling species (Carleton
and Stanley, 2012), was most abundant across all elevations.
Surprisingly, it was neither the most prevalent nor was it heavily
infested with fleas. This could otherwise be attributed to the role of
frequent precipitation in the humid montane and sub montane forest
habitats (Willig and Presley, 2016). This assumption has been
supported by Heanel and Regalado (1998), who reported that high
level of precipitation may cause massive detachment of flea species
from the host body, thus causing low ectoparasite count.

Unlike other host species, M. natalensis and L. flavopunctatus were
exceptional, in that their associated fleas were found in nearly all the
habitats studied along the two elevation gradients. This is
presumably due to their wide distribution over the entire study site.
According to Shenbrot et al. (2007), the geographical range of the
respective hosts can strongly influence the abundance and
prevalence of ectoparasites. Regarding host distribution; Mulungu et
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al. (2015), also reported a wide distribution of M. natalensis in
lowland cultivated and fallow fields across Sub-Saharan Africa, as
well as L. flavopunctatus being more abundant in moist, afforested
zones, and bushes (Lavrenchenko et al., 1998; Verheyen et al.,
2002).

In contrast to cultivated and fallow lands, forest habitats in both
elevations displayed the highest abundance and prevalence of fleas
on different rodents and shrews. This may have been as a result of
the highest number of hosts inhabiting that habitat type. Krasnov et
al., (2002), linked an increase in flea abundance to the density of
respective hosts. Additionally, density of hosts increases the
possibility of intra and interspecific interactions, that lead a high
spread of fleas from one host to another.

The findings of this study have shown that adult rodent and shrew
hosts had the highest flea infestation compared to juveniles, which is
consistent with Krasnov et al. (2006) and was likely caused indirectly
by foraging behavior (Hawlena et al., 2005). Smit et al. (1962),
linked continuous adult-biased parasitism to home range as they
occasionally leave their nests and become infested elsewhere in
search of food.

With respect to the host’'s sex towards flea infestation, the high
ectoparasite infestation observed in male hosts in our study concurs
with the findings of Krasnov et al., (2005); Bucholz and Dick, (2017)
and Rynkiewicz et al., (2013). However, possible reasons for this
include a great home range, differences in immune susceptibility, the
pattern of social interactions, grooming behavior, and large body
sizes. All of which together make the male hosts more prone of
exposure to flea infestations (Perez-Orella and Schulte-Hostedde,
2005; Kiffner et al., 2013).

Despite the fact that rainfall, temperature, and relative humidity are
all important factors in determining flea assemblage in various small
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mammals (Silverman and Rust, 1983; Thomas and Blanford, 2003;
Kreppel et al.,, 2016), only rainfall had a positive and stronger
correlation with the mean abundance of fleas. This is consistent with
Young et al. (2015), and may be related to the fact that the optimum
increase of rainfall helps to increase abundance and quality of
vegetation characters, thereby, increasing rodent abundance and
diversities, and in turn, increases the population of fleas that relies
on the hosts for survival and reproduction. Additionally, rainfall may
directly increase flea reproduction as well as it moisturizes the soils
lining the rodent's nests (Parmenter et al., 1999). Nonetheless,
excessive precipitation may flood host nests, resulting in the
extinction of major flea species. Our findings indicated that
temperature and relative humidity did not correlate with either mean
abundance, mean intensity, or prevalence which was in line with the
findings of Krasnov et al. (2010) in Western Cape, Province South
Africa, and Hawlena et al. (2005) in Western Negev Sand dunes in
Israel, respectively. This may be as a result of limited exposure in
the mid growth stage of fleas as environmental factors are thought to
affect their survival more than adults.

Regardless of the difference in threshold level for plague
transmission, this study strongly agrees with Njunwa et al. (1989),
and Makundi et al. (2008) in their studies conducted in the Western
Usambara Mountains, to investigate which categories of host
species were infested by fleas. They reported infestation of potential
plague vectors in wild rodents including: L. flavopunctatus, L Kilonzoi
and P delectorum, whereas for commensal rodents were included
species, such as R. rattus, M. minuitoides and M. musculus.
Simultaneous infestation with more than one plague vectors on the
hosts suggests enhanced risks in respective of habitats.

Regarding the zoonotic potential of fleas, notably D. lypusus, which
is arguably one of the prominent vectors of plague in East Africa
(Makundi et al., 2003; Shihepo et al., 2008), this flea did not reach
the threshold level for the transmission of plague. This is based on
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the Specific Flea Index (SFI) as the value greater than 1.5 is thought
to indicate high risk of plague occurrence (Chotelersak et al., 2015).
Therefore, this implies that, for the study period at least, there was
no immediate threat associated with D. lypusus to transmit Y.pestis
plague.

Forest habitats in both elevations displayed highest prevalence of
fleas on rodents and shrews compared to the fallows and cultivated
lands. This could possibly be related to the highest number of hosts
captured in the forest habitat compared to other habitats because
high host density tends to increase chances of interaction among
flea species and consequently high flea assemblage. This agrees
with Krasnov et al. (2002) in Israel and Stanko et al. (2002) in
Slovakia.

3.4 Conclusion and Recommendations

Habitat type and rainfall exhibited an influence in dictating flea
assemblage along the elevation gradient than relative humidity and
temperature. Additionally, the study revealed different flea species
infesting rodents and shrews, some of which are efficient and
important vectors of plague, suggesting the likelihood of the
presence of Y. pestis pathogen in the study area. Nonetheless, this
analysis alone does not suffice to establish the existence of Y.
pestis in small mammal reservoirs in the study area. Hence, the
need for further studies to detect the pathogen, including using
molecular techniques, to help predict outbreak, as plague monitoring
and surveillance is helpful only in identifying sylvatic cases and
epizootics and steps to control and avoid spillover into human
populations (Haikukutu et al., 2022).

Even though the Specific Flea Index (SFI) was below the threshold
level defined for disease transmission to occur, continuous
epidemiological surveillance in small mammal populations is crucial.
Moreover, the fact that the study was conducted within a limited
timeframe and that laboratory confirmation of the pathogen did not
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occur, further studies of flea surveillance on various small mammals
and humans in different seasons should be conducted. This will
facilitate a thorough understanding of the seasonal fluctuations of
fleas as well as their zoonotic potential.
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CHAPTER FOUR

4.0 GENERAL DISCUSSION, CONCLUSION AND
RECOMMENDATIONS
4.1 Discussion
To our knowledge, this is the first study reporting on the diversity
and temporal fluctuations of rodents, shrews and their flea
ectoparasites in Mgeta. A total of 207 rodent and shrew individuals
belonging to 11 rodents, and two shrew species were collected.
Compared with a previous survey done in the northern part of
Uluguru Mountains (Chidodo et al., 2020), this study has presented
a higher abundance and richness of rodents and shrews. However,
the opposite was the case for surveys on other Eastern Arc
Mountains (Stanley and Hutterer, 2007; Ademola et al., 2021). This
could be as a result of differences in the number of habitats studied,
seasons and the methodology used. Despite being characterized
with the same activity status, a few of the habitats sampled along the
elevation gradient on the former survey could have similarly trailed
the number of individuals. This is because the low number of strata
sampled means there will be less forages (Gebrezgiher et al., 2022)
consequently leading to low abundance and species.

The overall abundance of rodents and shrews varied with elevation,
with the the lower elevations having higher overall small mammal
abundance than the higher elevations. This is contrary to the
findings in Mount Rungwe Forest Nature Reserve, which showed
that abundance increases with elevation and significantly decreases
at very high altitudes (Richard et al., 2022), linking the fluctuation to
extreme weather experienced on the mountain as one climbs higher.
Nonetheless, current results could be attributed to the fact that on
the high elevations of this study area, the rodent species may be
habitat specialists or less acclimatized to human presence, which
may have made them hesitant to enter traps and hence were less
attracted to the baits (Bonvicino et al., 2002).



70

In line with Isabirye-Basuta and Kasenene 1987, in Uganda, this
study has revealed differences in specie richness with disturbed
forest showing highest number compared to minimal or undisturbed
habitats. Higher species richness in disturbed forest might be related
to the proximity to the cultivated lands and human settlements
(Mortelliti and Boitani, 2006). This scenario further encourages
massive locomotion and successive foundation of non-forest rodent
species while in search of food and shelter, therefore, increasing
rodent species richness (Mortelliti and Boitani, 2006).

Inhabitation of some rodent species such as B. hindei in forest
habitat agrees with the report by Stanley and Goodman (2011). The
species has been reported to prefer areas with high shrub density
and canopy cover in Arabuko Sokoke forest in Kenya (Fitzgibbon et
al., 1995). Another study by Sabuni et al. (2015) has reported on the
occurrence of the species in undisturbed coastal forests in
Saadani National Park, Tanzania.

Regardless of their zoonotic potential in the ecosystem, this study
has demonstrated fewer flea species as well as abundance than
other surveys in Northern Tanzania (Njunwa et al., 1989; Makundi et
al.,, 2005; Haule et al.,, 2013). This could, however, be due to
differences in microclimate parameters, which are always assumed
to influence flea assemblage on different hosts (Krasnov et al., 1998,
2005; Sanchez and Lareschi, 2019). The overall temporal fluctuation
of rainfall, humidity and temperature prevailing across Northern
Tanzania might be of optimum level to attract different flea species
assemblage.

Despite the fact that fallow and cultivated lands had lower SFI than
forest lands, the possility of the fleas in transmitting Y pestis should
not be underestimated (Kimaro et al., 2014; Hieronimo et al., 2014,
Meliyo et al.,, 2014). This is because continuous agricultural land
conversion and manipulation always tends to trigger hosts’ behavior
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and the overall distribution, as a result causing flea population on
other hosts Van der Mescht et al., 2013).

With the exception of Haemaphysalis spp which was low in nhumber,
Laelaps spp dominated total captures of ectoparasites on rodents
and shrews. This phenomenon may be related to the overall genus’
character of mites having high infestation rate than fleas and ticks.
Mawanda et al. (2020) further reported that members in family
Laelapidae are generalists capable of parasitizing wide number of
rodent and shrew species but also being a potential vector of
Coxiella brunetii.

4.2 Conclusion

This study demonstrated a variation in the abundance and diversity
of rodents, shrews and their flea-ectoparasites. Rainfall played a
significant role as opposed to other climatic variables in dictating
species distribution in various habitats along the western slope of
the Uluguru Mountains.

Fallow habitats in both elevations had the lowest abundance and
diversity of rodents, shrews and flea species compared to other
habitats, implying that disturbance has strongly influenced species
distribution. Therefore, human activities must be effectively
controlled to preserve species diversity. However, the opposite was
true regarding forest habitat which presented the highest abundance
and diversity of species (rodents, shrews and fleas). Again indicating
the urgent need for protecting the remaining forest patches in the
area. Furthermore, this study brought to light some of the important
rodent, shrew and flea species implicated in harboring and
transmitting plague, elsewhere in Tanzania..

4.3 Recommendations

Although this study shed more light on potential reservoirs and
efficient vectors of plague, however, it did detect signs of plague in
the study area.. Additionally, despite SFI being below the threshold
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level for plague transmission in this study, it is still recommended
that preparedness strategies be developed for human communities
in the area. This is crucial to detect unpredictable rise in any of the
factors that are responsible for plague occurrence, such as specific
abundance and distribution of hosts, or the presence of Y. pestis in
hosts, as well as climatic parameters particularly temperature,
relative humidity and rainfall.

Furthermore, it is recommended that additional flea surveillance on
the rodents and shrew be carried out over a longer period and
preferably in more habitats along the elevation gradient to gain a
thorough understanding of flea species seasonal fluctuations and
their zoonotic potential.
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Appendix 1. Raw data of the number of rodent and shrew species captured, ectoparasites collected

APPENDICES

from each species and other variables measured.

Month ID  Host Species Habitat Elevation Host sex c?)ixd Flea spp Mite spp Tick spp
Dec 2 L. flavopunctatus Forest Low F PSN 2 Dinopsylla Laelaps 0
Dec 4 L. flavopunctatus Forest Low M AN 3 Nosopsylla 0 0
Dec 14 L. flavopunctatus Forest Low F PSY 2Dinopsylla 0 0
Dec 6 L. flavopunctatus Fallow Low M AN 7 Dinopsylla 2 Laelaps 0
Dec 9 L. flavopunctatus Fallow Low M AN Dinopsylla 0 0
Dec 10 L. flavopunctatus Fallow Low F PSN Dinopsylla/2 Ctenopthalmus 0 0
Dec 176 L. kilonzoi Forest High M SV 4 Dinopsylla 10 laelaps 0
Dec 177 L. kilonzoi Forest High F CSN 2 Dinopsylla/Ctenopthalmus 6 laelaps 0
Dec 8 M. minutoides Fallow Low F CSN 0 0 0
Dec 5 M. musculus Cultivated land Low M AN Dinopsylla 5 laelaps 0
Dec 7 M. natalensis Fallow Low M SV 0 2 Laelaps 0
Dec 12 M. natalensis Fallow Low M SV 2 Dinopsylla 2 Laelaps 0
Dec 11  Dasmys spp Fallow Low F PLN Nosopsylla

Dec 15 C. hirta Forest Low F CSN 0 Laelaps 0
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Dec 16  G. Ibeanus Forest Low M AN 0 3 laelaps 0
Dec 1 P. delectorum Forest Low M AN Dinopsylla 5 laelaps 0
Dec 17  P. delectorum Forest Low F CSN 0 0 0
Dec 3 P. delectorum Forest High M AN 2 Dinopsylla 4 laelaps 0
Dec 13 P. delectorum Forest High F CSN 2 Dinopsylla Laelaps 0
Haemophys
Dec 18  P. delectorum Forest High M SV 0 5 laelaps alis
Jan 20 L. flavopunctatus Forest Low M SV 1 Dinopsylla 0 0
Jan 28 L. flavopunctatus Forest Low F PSY 0 0 0
Jan 31 L. flavopunctatus Forest Low F CSN Nosopsylla/ Dinopsylla 0 0
Jan 32 L. flavopunctatus Forest Low M AN Ctenopthalmus 0 0
Jan 179 M. minutoides Fallow Low M SV 0 0 0
Cultivated
Jan 181 M. musculus land Low M SV 0 0 0
Jan 22 P.delectorum Forest Low M SV 2 Dinopsylla Laelaps 0
Jan 25  P.delectorum Forest Low M AN 0 0 0
Jan 27  P. delectorum Forest Low o SV 0 0 0
Haemophys
Jan 30 P.delectorum Forest Low M SV Dinopsylla 0 alis
Jan 21  P.delectorum Forest High M SV 2 Dinopsylla Laelaps 0
Jan 23 P. delectorum Forest High F CSN 2 Dinopsylla 0 0
Jan 24  P.delectorum Forest High F CSN Dinopsylla 0 0
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Apr 174 L. flavopunctatus Forest Low M AN Ctenopthalmus 0 0

Apr 81 L. flavopunctatus Forest Low M SV 2Dinopsylla 0 0

Apr 83 L. flavopunctatus Forest Low F PSY Dinopsylla 0 0

Apr 87 L. flavopunctatus Forest Low F PSY 2 Ctenopthalmus 0 0

Apr 110 L. flavopunctatus Forest Low M SV 2 Dinopsylla 2 Laelaps 0

Apr 111 L. flavopunctatus Forest Low M SV Dinopsylla 0 0

Apr 115 L. flavopunctatus Forest Low F CSN Dinopsylla 0 0

Apr 116 L. flavopunctatus Forest Low M AN 2 Dinopsylla 0 0

Apr 96 L. flavopunctatus Forest High F CSN 5 Dinopsylla/Ctenopthalmus Laelaps 0

Apr 100 L. flavopunctatus Forest High F CSN 2 Ctenopthalmus Laelaps 0

Apr 102 L. flavopunctatus Forest High F PSN 0 Laelaps 0

Apr 121 L. flavopunctatus Forest High M SV 2 Ctenopthalmus Laelaps 0

Apr 122 L. flavopunctatus Forest High F PSN 0 5 laelaps 0
Cultivated

Apr 119 L. flavopunctatus land High F PSN Dinopsylla 10 laelaps 0
Cultivated

Apr 103 M. natalensis land High F PSY 2 Dinopsylla 0 0
Cultivated

Apr 104 M. natalensis land High F PSY 3 Ctenopthalmus laelaps 0
Cultivated

Apr 117 M. natalensis land High F CSN 0 laelaps 0
Cultivated

Apr 118 M. natalensis land High F PSY 2 Dinopsylla laelaps 0
Cultivated

Apr 106 M. natalensis land High F PSN 0 laelaps 0

88



Apr 114  G. Ibeanus Forest Low F PSY 0 0 0
Apr 76  G.lbeanus Forest High M SV Dinopsylla laelaps 0
Apr 77  G.lbeanus Forest High F CSN 0 0 0
Apr 78  G.lbeanus Forest High M AN 0 laelaps 0
Apr 79  G. lbeanus Forest High M SV Dinopsylla 0 0
Apr 95 G. lbeanus Forest High M SV 0 laelaps 0
Apr 80  P.delectorum Forest Low F PSN 0 6 laelaps 0
Apr 82  P.delectorum Forest Low M SV 0 0 0
Apr 84  P.delectorum Forest Low M SV 0 0 0
Haemophys
Apr 85  P.delectorum Forest Low F CSN Dinopsylla 0 alis
Apr 88  P.delectorum Forest Low F PSN 0 0 0
Apr 89  P.delectorum Forest Low F PSN 0 3 laelaps 0
Apr 90 P.delectorum Forest Low M SV 0 0 0
Apr 91  P.delectorum Forest Low F PSN 0 0 0
Apr 93  P. delectorum Forest Low M SV 0 0 0
Apr 94  P. delectorum Forest Low M SV Dinopsylla 4 laelaps 0
Apr 107 P. delectorum Forest Low F PSN 0 0 0
Haemophys
Apr 108 P. delectorum Forest Low M SV Dinopsylla 0 alis
Apr 109 P. delectorum Forest Low M SV 0 0 0
Apr 112 P. delectorum Forest Low M SV 0 2 Laelaps 0

(0]
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May 152 L. flavopunctatus Forest High F PSY 0 3 laelaps 0
May 167 L. flavopunctatus Forest High F PSN 0 laelaps 0
May 169 L. flavopunctatus Forest High M SV 0 8 laelaps 0
May 168 M. minutoides Forest High F PSY 2 Dinopsylla 0 0
May 166 M. natalensis Forest High M AN Dinopsylla 3 laelaps 0
Cultivated
May 205 M. natalensis land Low F CSN 0 0 0
Cultivated
May 37 M. natalensis land Low M SV 3 Dinopsylla 0 0
Cultivated
May 187 M. natalensis land Low M SV Dinopsylla 0 0
Cultivated
May 192 M. natalensis land High M AN 5 Dinopsylla laelaps 0
May 141 C. olivieri Forest High M AN 0 0 0
May 145 C. olivieri Forest High F CSN 0 0 0
May 199 C. olivieri Forest High F PSY 2 Dinopsylla 0 0
May 202 C. hirta Forest Low F CSN 2 Dinopsylla 2 laelaps 0
May 189 C. hirta Forest Low F CSN 0 laelaps 0
May 126 G. Ibeanus Forest Low M SV 0 0 0
May 132 G. Ibeanus Forest Low M SV Dinopsylla 0 0
May 137 G. Ibeanus Forest Low M SV 0 0 0
May 157 G. Ibeanus Forest Low F PSN Ctenopthalmus 0 0
May 143  G. Ibeanus Forest High M SV 0 0 0
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May 196 P. delectorum Forest Low F PLN 0 0 0
May 138 P. delectorum Forest High M SV 0 5 laelaps 0
May 139 P. delectorum Forest High F PSN 0 laelaps 0
May 140 P. delectorum Forest High M AN 0 laelaps 0
May 142  P. delectorum Forest High M SV 0 4 laelaps 0
May 144  P. delectorum Forest High M SV 0 laelaps 0
May 147  P. delectorum Forest High M SV Dinopsylla 5 laelaps 0
May 150 P. delectorum Forest High M SV 2 Ctenopthalmus 5 laelaps 0
May 151 P. delectorum Forest High M SV Dinopsylla 0 0
May 159 P. delectorum Forest High F PSN 0 laelaps 0
May 160 P. delectorum Forest High M SV 2 Nosopsylla 4 laelaps 0
May 162 P. delectorum Forest High F CSN Dinopsylla 0 0
May 163 P. delectorum Forest High M AN 2 Dinopsylla Laelaps 0
May 165 P. delectorum Forest High F PLN 2 Dinopsylla Laelaps 0
May 170 P. delectorum Forest High F CSN 0 4 laelaps 0
Cultivated
May 194  P. delectorum land Low M SV 0 4 laelaps 0
May 195 G. murinus Forest Low F PLN 0 0 0
May 193 R.rattus Forest Low M SV 3 Dinopsylla 2 Laelaps 0
May 171 R.rattus Cultivated High F PSN 3Dinopsylla 7 laelaps 0
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Appendix 2: Climatic data

94

MONTH RAINFALL TEMPERATURE | HUMIDITY
December 43.8 26.9 76
January 248.9 27.1 74
February 234.2 26 83
March 89.3 26.7 80
April 103.4 25.9 84
May 111 241 81

Appendix 3: Monthly variation of rodent and shrew species
diversity

December January February March April May

Individuals 20 16 19 35 53 63
Shannon index 1.81 1.39 1.67 1.78 137 1.62
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Appendix 4: Ectoparasite groups infesting rodents and shrews

Group Order Family/subfamily Species

Flea Siphonaptera  Dinopsyllinae D. lypusus
Siphonaptera  Hystrichopsyllidae C. calceatus
Siphonaptera Ceratophyllidae N. fasciatus

Mite Mesostigmata Laelapidae Laelaps spp

Tick Ixodida Ixodidae Haemaphysalis spp

Appendix 5: Monthly variation in flea diversity on rodents

Month Dec Jan Feb March  April May

Shannon index 0.613 0.536 0.315 0.613 0.776 0.654
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Appendix 6: Research permits

THE UNITED REPUBLIC OF TANZANIA
PRESIDENT'S OFFICE
REGIONAL ADMINISTRATION AND LOCAL GOVERNMENT

Telegraphic Address: “REGCOM"*

Regional Commissioner’s Office,
Phones: 023 2604237/2604227

P.O. Box 650,
MOROGORO.

Fax No: 2600973
In Reply please quote:
Ref. No:AB.175/245/01 “1"/203 13" December, 2021

District Administrative Secretary,
MVOMERO.

REF: RESEARCH PERMIT

Please refer to the above mentioned

2. 1 am introducing to you Ms. Constance Chisala Chonde from Sokoine University of
Agriculture at the moment is required to conduct a research in our region which is titled “Diversity
and Temporal Fluctuations of Rodents and Their Flea Ectoparasites in Mgeta Morogoro™’

3. The permit is valid from December, 2021 to May, 2022,
4, Please provide necessary assistance to enable the accomplishment of the research.

5.Thank you for your cooperation.

1
Emmanuel P, Mazengo
For: REGIONAL ADMINISTRATIVE SECRETARY
Copy: Director,
DPRTC,
Sokoine University of Agriculture,
P. O. Box 3000,
Morogoro.

\/ Ms. Constance Chisala Chonde- researcher
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THE UNITED REPUBLIC OF TANZANIA

PRESIDENT'S OFFICE
REGEIONAL ADMINISTRATION AND LOCAL GOVERNMENT

£

Telegram: “DISTRICT COM” District Commissioner’s Office
Tel: 0232601670 Mvomero District
Fax: 023 2601670 S.LP. 59
MOROGORO
In reply please quote:
REF: NA.AB.19/293/01 ‘B’/306: 14™ December, 2021
DIVISIONAL OFFICER
MGETA.

RE: RESEARCH PERMIT
Kindly refers to the captioned heading above,

2. I have the honor to introduce to you Ms. Constance Chisala Chonde a bonifide Student
of Sokoine University of Agriculture (SUA) who at the moment is required to conduct a
research in our District.

3. The title of research is " Diversity and Temporal Fluctuations of Rodents and Their
Flea Ectoparasites in Mgeta Morogoro™.

4. The permit granted to her to undertake her research is from December, 2021 to
May, 2022.

5. In a due course you are requested to assist her with all necessary requirements that might
be needed to accomplish her research successfully.

With regards,

{
Avdndang) .
FRAZIER ). MANG'ULA
Ag: DISTRICT ADMINISTRATIVE secmnmgﬁsw"

MVOMERO Mo
COPY: Director M Q°“€a

W
DPRTC
Sokoine University of Agriculture
P.O. Box 3000
MOROGORO.

Ms. Constance Chisala Chonde
RESERCHER.
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Jamhuri ya Muungano wa Tanzania
WIZARA YA MALIASILI NA UTALN
WAKALA WA HUDUMA ZA MISITU TANZANIA

Anwani: “HIFADHI ULUGURU* Ofisi ya hifadhi asiia ya Ulugury,
SimuNa, :(+255) (023) 2600870 S.LP. 1020,

Nukushl - (+255) (023) 2603275 Morogoro.

Baruapope ugurunafureforestresenve@ama

Tovuti: httpAwww. eastemarc.or.tz 281272021
Unapojibu tafadhalj taja
Kumbukumbu No L.TFS/UNR/
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Hifadhi Mazingira Asilia Uluguru,
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STATEMENT OF RESEARCH ETHICAL APPROVAL

1. *This project has been considered and has been Approved/Not Aw@ by the Department/College
Research and Publication Committee, Department/College/Unit

Click here to the

) .

Signature: ... Y-t Name: Click here to the name of delete this guiding tex{ and print.

Date: C%I{ {«ﬁ ‘M\a&ﬁow to select the date.

(Chairpersen. Research & Publication Commitiee)
2. This project has been considered and has been Approved/Not W by the Ethical Commitice,

o — DG Ndoss?

Signature: Y Nare: Click here to the name.

Date: Click here to select 8 date.

(Chairperson, Ethics Committes, DPRTC)

3. This project has been considered and Appmﬂmﬁ“ by the Senate Research and Publication
Committee (SRPC). Sokoine University of Agriculture

f the unit or delete this guidikgfn ang print write by hand
probe ot

e MU
Signature: . FFI Name: Click h& &mﬁe name.
Date: Click here and down arrow (o enter a date. /M
(Chairperson, SRPC) Postgraduate stud Research,
; of re
e _——

Postal address: Teleph Fax: Telex:

P.0. Box 3151 2255 23 2640013 255 56 4388 55308

Morogoro, UNIVMOG TZ

Tanzanis

* Al specinl Projects (Undergraduste studies research be cvaluated and approved by the Department/College

Research and Publication Committes, DgpmnmUCdlegdUlﬁl and reported to REC/DPRTC. Only
Applications from Postgraduste, Research Associates and Staff be forwarded to University wide REC
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SECTIONP: FOR OFFICIAL USE
(i) APPROVAL
Date received Received by:
Chck here and arrow to enter a date. Click bere to type names.

...............................

Date of approval:
Click here and arrow to enter a date,

Click here to enter the name of approving authority.

Approval reference number:

Click bere to enter number.
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............................................

Approval is valid from
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Click here and arrow to enter a date.

.........................................

.........................................

*All mmwemmmmmmwbymcwquamwcwam

submitted to the chair Research Ethica Committee, DPRTC

(i) NOT APPROVED

O ‘The applicant is required to revise the application by addressing reviewer’s concerns
(Reviwer's comments are provided to the applicant)

[JOther reasons (Describe briefly)

Click here 1o enter text.




