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EXTENDED ABSTRACT

This Thesis has been prepared in accordance with the Publishable
Manuscripts format of the Sokoine University of Agriculture. The
study on the elevational distribution of non-volant small mammals
over time, their demographic characteristics, and their associations
with arthropod ectoparasites was conducted between 2021 and
2022 at different elevations and habitats in Tanzania's second-
highest mountain, Mount Meru. Mount Meru is one of the
biodiversity hotspots in eastern Africa, hosting high level of species
richness and endemism, and providing important ecosystem
services. However, relatively, little is known about the ecology of
small mammals and their arthropod ectoparasites. Similarly, little is
known about the effects of environmental factors on the small
mammal distribution, which potentially extending to the parasites
they host. Tanzania is among the handful of countries in Africa
where active foci of deadly zoonotic diseases that can be
transmitted by small mammals and their ectoparasite vectors have
been persistent. Moreover, Mount Meru is home for endemic and
threatened species that are documented on the IUCN Red List.
However, there is currently no available information regarding the
possible role of arthropod ectoparasites of small mammals in the
transmission of zoonotic disease.

The over all goal of the study was to understand the ecological
dynamics and distribution patterns of small mammals and their
arthropod ectoparasites across different elevations of Mount Meru in
Tanzania. The study aimed at addressing three key specific
objectives: i) Assesing a decade-long change in the elevational
distribution of non-volant small mammals on Mount Meru; ii)
determining the breeding and demographic aspects of montemys
delectorum, an east african endemic rodent in mount Meru; iii)
Examining arthropod ectoparasites of two rodent species occurring
in varied elevations on Tanzania’'s second highest mountain.



To address the first objective, the small mammals were surveyed
from February to November 2021 at six elevations between 1500 m
and 3650 m using Sherman and Havahart traps. The results show
that two shrew and thirteen rodent species were recorded, including
Crocidura newmarki and Lophuromys verhageni, which are endemic
to the study area. Species richness was highest at mid-altitudes, in
line with the general patterns globally, though less pronounced in
Africa. The species Arvicanthis niloticus, Mastomys natalensis,
Lemniscomys striatus, Dasymys incomtus, and Cricetomys ansorgei
were not documented in 2009 but have been recorded in 2021.
Upward shifts in species’ ranges were observed between 2009 and
2021, suggesting the influence of climate change on the small
mammal community.

It is important to note that the rodent species mentioned in Chapter 2
as Praomys species have been identified as Montemys delectorum
after genetic identification and recent taxonomic revisions.

For the second objective, a Capture — mark — release studies were
undertaken in dense and open patchy forests in four 70 m X 70 m
grids from February 2021 to June 2022. The findings revealed that
the species exhibited bimodal patterns of breeding seasonality,
characterized by a low rate occurring during the short interval
between December and February and a pronounced rate taking
place from May to July. The population of Montemys delectorum
was unstable in the different forest types. There was a larger
population in the patchy open forest (F = 8.1; df = 1; p = 0.0001)
than in dense forest, suggesting its importance as a refuge for the
species.

To achieve the third objective, trapping of the two most dominant
rodent species of the study area, Montemys delectorum and
Rhabdomys dilectus, from five elevations (1500 to 3500 m), were
examined for arthropod ectoparasite infestations. The results
revealed that Ctenophthalmus calceatus cabirus, Dinopsyllus
ellobius, Varroa rindereri, and Xenopsylla cheopis were recovered



from the rodents. This study demonstrates that the elevational
distribution of arthropod ectoparasites is influenced by host sex, host
species, and environmental temperature. With rising altitude,
parasite prevalence and abundance decrease, indicating that colder
environmental conditions at higher altitudes inhibit parasite
reproduction and development. This indicates conservation efforts
should focus on higher altitudes. Moreover, the rodents and
ectoparasites reported in this study have been identified as possible
vectors of medical and veterinary diseases in different parts of
Africa, including Tanzania. It is crucial to take precautions in order to
effectively reduce the risk of parasitic infection, which can pose an
additional threat to both the endemic and threatened species listed
on the IUCN Red List as well as the overall biodiversity of the study
area. Furthermore, molecular results from this study reported a
previously unidentified mite species within the Mesostigmata
taxonomic group that had previously been recognized exclusively as
a parasite of honeybees. Further research efforts may provide
insights into the significance of this particular species of mite, Varroa
rindereri. Generally, while there remains much to be learned, this
particular study establishes the foundation for future initiatives in
wildlife disease surveillance and biodiversity conservation
management.

In abroader sense, the shift in the distribution of small mammals and
their ectoparasites on Mount Meru is a microcosm of the broader
challenges facing mountain ecosystems worldwide. These insights
go beyond the immediate context of Mount Meru and suggest that
we need to consider the long-term consequences of environmental
dynamics on biodiversity conservation. As these complexities
continue to shape mountain landscapes, their impact is not limited to
species interactions but also touches the field of human well-being.
The conservation of biodiversity is intrinsically linked to our own well-
being, as biodiversity and human societies are intricately intertwined.
Therefore, the findings of this research serve as an urgent reminder
for effective conservation action.



IKISIRI KUU

Mkusanyiko huu wa tafiti umekamilishwa kulingana na muundo wa
hati za kuchapishwa wa Chuo Kikuu cha Kilimo Sokoine. Utafiti juu
ya usambazaji wa kina wa wanyama wadogo wasioruka kwa muda,
tabia zao za idadi ya watu, na ushirikiano wao na vimelea vya nje
vya artropodi ulifanywa kati ya 2021 na 2022 katika urefu tofauti na
mazingira mbalimbali kwenye mlima wa pili kwa urefu Tanzania,
Mlima Meru. Mlima Meru ni mojawapo ya maeneo yenye utajiri
mkubwa wa spishi na endemiki, na hutoa huduma muhimu za
mazingira. Hata hivyo, kwa ujumla, kidogo sana inajulikana kuhusu
ekolojia ya wanyama wadogo na vimelea vyao vya nje vya
artropodi. Vivyo hivyo, kidogo sana inajulikana kuhusu athari za
sababu za mazingira kwa usambazaji wa wanyama wadogo, ambao
kwa uwezekano huenda ukawa na athari kwa vimelea
wanavyowahifadhi. Tanzania ni miongoni mwa nchi chache barani
Afrika ambapo maeneo ya hatari ya magonjwa hatari yanayoweza
kuambukizwa na wanyama wadogo na vekta zao za vimelea vya nje
vimeendelea kuwepo. Zaidi ya hayo, Mlima Meru ni nyumbani kwa
spishi za endemiki na zilizo hatarini ambazo zimeorodheshwa
kwenye Orodha Nyekundu ya IUCN. Hata hivyo, kwa sasa hakuna
habari inayopatikana kuhusu jukumu linalowezekana la vimelea vya
nje vya artropodi vya wanyama wadogo katika kuambukiza
magonjwa ya kuambukizwa kwa binadamu.

Lengo kuu la utafiti lilikuwa kuelewa mienendo ya ikolojia na mitindo
ya usambazaji wa mamalia wadogo na wadudu wanaoishi nje
mwilini (ectoparasites) kote kwenye kimo tofauti cha Mlima Meru
nchini Tanzania. Utafiti ulilenga kushughulikia malengo matatu
maalum muhimu: i) Kupima mabadiliko ya miongo kumi katika
usambazaji wa kimo cha mamalia wadogo wasioruka katika Mlima
Meru; i) kubainisha vipengele vya uzazi na demografia ya
montemys delectorum, panya wa Afrika Mashariki ambaye ni wa
kipekee katika Mlima Meru; iii) Kuchunguza wadudu wanaoishi nje



mwilini (ectoparasites) wa spishi mbili za panya zinazotokea katika
kimo tofauti kwenye mlima wa pili kwa urefu nchini Tanzania.

Kushughulikia lengo la kwanza, mamalia wadogo walichunguzwa
kuanzia Februari hadi Novemba 2021 katika kimo sita kati ya mita
1500 na 3650 kwa kutumia mitego ya Sherman na Havahart.
Matokeo yanaonyesha kwamba panya wawili wa miguu na spishi
kumi na tatu za panya zilirekodiwa, ikiwa ni pamoja na Crocidura
newmarki na Lophuromys verhageni, ambazo ni za kipekee katika
eneo la utafiti. Uwiano wa spishi ulikuwa mkubwa zaidi katika
altitudes za kati, kulingana na mienendo ya kawaida duniani kote,
ingawa haikuwa wazi sana barani Afrika. Spishi kama Arvicanthis
niloticus, Mastomys natalensis, Lemniscomys striatus, Dasymys
incomtus, na Cricetomys ansorgei hazikurekodiwa mwaka wa 2009
lakini zimeandikwa mwaka wa 2021. Mabadiliko ya juu katika
maeneo ya spishi yalitambuliwa kati ya 2009 na 2021, ikionyesha
ushawishi wa mabadiliko ya hali ya hewa kwenye jamii ya mamalia
wadogo.

Ni muhimu kutambua kwamba spishi za panya zilizotajwa katika
Sura ya 2 kama spishi za Praomys zimegunduliwa kuwa Montemys
delectorum baada ya utambuzi wa jeni na marekebisho ya
taksonomia ya hivi karibuni.

Kwa lengo la pili, utafiti wa Kukamata — Kuweka alama — Kuachilia
ulifanywa katika misitu ya kanda kubwa na wazi yenye vipande
katika mihimili minne ya 70 m X 70 m kuanzia Februari 2021 hadi
Juni 2022. Matokeo vyalionyesha kwamba spishi ilionyesha
mienendo ya msimu wa kuzaa wa bimodal, ikielezewa na kiwango
cha chini kinachotokea wakati wa kipindi kifupi kati ya Desemba na
Februari na kiwango kikubwa kinachotokea kuanzia Mei hadi Julai.
Idadi ya Montemys delectorum ilikuwa isiyo imara katika aina tofauti
za misitu. Kulikuwa na idadi kubwa ya watu katika msitu wazi wenye
vipande (F = 8.1; df = 1; p = 0.0001) kuliko katika msitu wa kuficha,
ikionyesha umuhimu wake kama kimbilio kwa spishi.
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Kuweza kufikia lengo la tatu, kupigwa mitego kwa spishi mbili za
panya zinazodomiinant katika eneo la utafiti, Montemys delectorum
na Rhabdomys dilectus, kutoka kwenye kimo cha mita 1500 hadi
3500, zilichunguzwa kwa maambukizi ya wadudu wanaoishi nje
mwilini (ectoparasites). Matokeo yalionyesha kuwa Ctenophthalmus
calceatus cabirus, Dinopsyllus ellobius, Varroa rindereri, na
Xenopsylla cheopis walipatikana kwenye panya. Utafiti huu
unaonyesha kwamba usambazaji wa kimo cha wadudu wanaoishi
nje mwilini unachangiwa na jinsia ya mwenyeji, spishi ya mwenyeji,
na joto la mazingira. Pamoja na kuongezeka kwa kimo, idadi na
wingi wa wadudu hupungua, ikionyesha kuwa hali baridi ya
magzingira katika altitudes kubwa inazuia uzazi na maendeleo ya
wadudu. Hii inaonyesha juhudi za uhifadhi zinapaswa kuzingatia
altitudes kubwa. Zaidi ya hayo, panya na wadudu wanaoishi nje
mwilini waliotajwa katika utafiti huu wamegunduliwa kama wataoaji
wa magonjwa ya matibabu na mifugo katika sehemu tofauti za
Afrika, ikiwa ni pamoja na Tanzania. Ni muhimu kuchukua tahadhari
ili kupunguza hatari ya maambukizi ya vimelea, ambavyo vinaweza
kuwa tishio la ziada kwa spishi za kipekee na zilizotishiwa
zilizoorodheshwa kwenye Orodha Nyekundu ya IUCN pamoja na
bioanuwai kwa jumla ya eneo la utafiti. Zaidi ya hayo, matokeo ya
molekuli kutoka kwenye utafiti huu vyaliripoti spishi ya mnyoo
iliyoidhinishwa hapo awali ndani ya kikundi cha kisasa cha
Mesostigmata ambayo hapo awali ilitambuliwa kikamilifu kama
kimelea cha nyuki. Jujuhudi za utafiti zaidi zinaweza kutoa ufahamu
juu ya umuhimu wa spishi maalum ya mnyoo, Varroa rindereri. Kwa
ujumla, ingawa bado kuna mengi ya kujifunza, utafiti huu maalum
unaweka msingi kwa jitihada za baadaye katika ufuatiliaji wa
magonjwa ya wanyama pori na usimamizi wa uhifadhi wa bioanuai.

Kwa mtazamo mpana zaidi, mabadiliko katika usambazaji wa
mamalia wadogo na wadudu wanaoishi nje mwilini kwenye Mlima
Meru ni mfano wa changamoto kubwa zaidi zinazokabili mfumo wa
mazingira ya milima ulimwenguni kote. Maarifa haya yanavuka
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muktadha wa moja kwa moja wa Mlima Meru na kuashiria kwamba
tunahitaji kuzingatia matokeo ya muda mrefu ya mienendo ya
mazingira kwa uhifadhi wa bioanuwai. Kwa kuwa utata huu
unaendelea kuunda mandhari ya milima, athari zake hazipunguzwi
kwa mahusiano ya spishi bali pia huzigusa sekta ya ustawi wa
kibinadamu. Uhifadhi wa bioanuwai unaunganishwa kimsingi na
ustawi wetu wenyewe, kwani bioanuwai na jamii za kibinadamu
zimefungamana kwa karibu. Kwa hiyo, matokeo ya utafiti huu
yanatutaka kuchukua hatua za uhifadhi kwa haraka na kwa ufanisi.
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CHAPTER ONE

1.0 GENERAL INTRODUCTION

1.1 Background Information

Steep mountain are a natural experiment to study how species
respond to changing conditions because climatic conditions and
habitat characteristics change rapidly as a function of elevation on a
relatively small geographic scale (Vetaas, 2021). Altitudinal
gradients are characterized by significant variations in temperature,
rainfall, and soil, with environmental conditions at the extremes that
mutually influence survival of any organism living on a gradient.
(Heaney, 2001). Different mountan species are currently facing
challenges maintaining their existence due to shrinking habitats
attributed to climate change, ecological disturbances, and other
impacts caused by human activity. Gaining insight into the
distribution patterns of montane species across elevational gradients
holds significant value for biodiversity conservation efforts as well as
for predicting species' responses to forthcoming environmental
changes and facilitating effective conservation strategies to maintain
the species. Altitudinal gradients influence small mammal
distribution, potentially extending to the parasites they host.
Understanding parasite-host dynamics spatially is, therefore,
essential for biodiversity conservation and disease management.
Parasites diminish host fitness by reducing resources and immunity,
which affects the host's overall well-being. Parasites can lower host
density, impacting prey populations and ecosystem function.
Moreover, parasites and their hosts can serve as reservoirs for
medically important pathogens, posing health threats to humans.
With climate change altering wildlife distribution and interactions, the
spread of parasites between populations becomes a concern.
Overall, understanding the ecological dynamics and distribution
patterns of small mammals and their arthropod ectoparasites across
different elevations of Mount Meru in Tanzania is vital for public
health management and biodiversity conservation plans.



1.2 Literature Review

1.2.1 Mount Meru landscapes and its biodiversity

The Tanzanian Mountain massifs have been a subject of fascination
for scientists and outdoor lovers for more than a century, offering an
adventure for climbers, a breathtaking crater rim for tourists to
admire, and an important location for biota research (Lovett and
Wasser, 2008). The mountains can be classified into four primary
groups based on their specific geologic origins (Lovett and Wasser,
2008). These groups include the Eastern Arc Mountains, which span
from the Taita Hills in southern Kenya to the Udzungwa Mountains in
southern Tanzania and are characterized as ancient fault block
mountains. The Southern Highlands, comprising Mt. Rungwe, the
Livingstone, and the Poroto Mountains, were formed as a result of
both uplift and volcanism. The Mahale Mountain is part of the
Albertine Rift valley. Lastly, the Northern Highlands, which
encompass Kilimanjaro, Ngorongoro, and Mount Meru, are the
outcome of recent volcanic activity (Lovett and Wasser, 2008).

Mount Meru, which stands as the second-highest peak in Tanzania
after Mount Kilimanjaro, is a notable geographical landmark among
the East African massifs (Stanley and Kihaule, 2016). This region is
known for its diverse flora and fauna, with sizeable endemics. The
topography of the area exhibits a predominantly rugged terrain,
which can be attributed to past volcanic events. The elevation
gradually increases from the Momela Lakes in the northeast and the
Ngurdoto crater in the southeast, situated at an approximate altitude
of 1 400 meters, to the Meru crater and summit located at the
western end, reaching an elevation of 4 566 meters (Stanley and
Kihaule, 2016). The value of the Mount Meru ecosystem is derived
from the diverse array of landscapes and habitats it encompasses. It
is characterized by distinct vegetation zones, encompassing
grasslands and deciduous open woodlands at lower altitudes,
followed by montane forests spanning from 1 700 to 3 000 m. Higher
up, there is a presence of evergreen ericaceous scrub that serves as
a transitional zone to afro-alpine vegetation (Bussmann, 2006). As



the centerpiece of the Arusha National Park (which covers an area
of 552 km?), Mount Meru is a popular ecotourism destination in the
nation. It's a pretty popular spot for tourists and researchers
because of its biodiversity and numerous trails, which cater to the
interests of nature enthusiasts (Stanley and Kihaule, 2016). It
receives an average of 53 433 visitors per year, according to the last
six years of data. The rapid expansion of the human population
surrounding the mountains has resulted in greater pressures on the
natural forests and their vertebrate fauna due to human activities
such as grazing, agricultural encroachment, and firewood collection
(Maleko et al., 2012). The mountain range harbors a wide array of
flora and fauna, including endemic species and those listed in the
IUCN red lists (Stanley and Kihaule, 2016). The lower and central
slopes of the mountain exhibit significant breadth and support a
diverse range of mammalian fauna, such as vulnerable African
elephants (Loxodonta africana), Giraffe (Giraffa camelopardalis),
African buffalo (Syncerus caffer), Leopard (Panthera pardus),
Warthog (Phacochoerus africanus), Baboon (Papio anubis), and
Monkey (Cercopithecidae) (Maleko et al., 2012; Kahana et al.,
2013). Additionally, this region is home to over 400 species of birds,
10 species of amphibians, and approximately 24 reptiles (Scoon,
2018). Small mammals are also integral components of the
biodiversity within the Mount Meru ecosystem (Demeter and
Hutterer, 1989; Stanley and Kihaule, 2016).

1.2.2 Non-volant small mammals

Non-volant small mammals refer to mammals weighing less than
500 g that encompass non-flying species such as rodents and
shrews, excluding bats (Hoffmann et al., 2010). Because of their
extensive range of morphological, physiological, feeding, and life-
history strategies, these organisms have demonstrated remarkable
adaptability to various environmental conditions (Hope and
Parmenter, 2007; Alemayehu and Bekele, 2013). They exhibit a
higher degree of elusiveness, often occupying isolated areas within
rainforests, mountains, and deserts, and play a crucial role in



ecosystems all over the world (Gazzard et al., 2023). In Africa, about
17% of the rodent species are pests (Monadjem et al.,, 2015;
Mulungu, 2017; Swanepoel et al., 2017), which have a detrimental
impact on agriculture and stored products while also serving as
reservoirs and hosts for zoonotic diseases (Meerburg et al., 2009;
Mulungu, 2017). On the other hand, small mammals in general,
including rodents and other small mammals, are an invaluable link in
the food chain; they serve as food for vertebrates as prey, and they
regulate the population dynamics of insects and other invertebrates
by acting as predators (Ojeda and Chazarreta, 2018; Gazzard et al.,
2023). Furthermore, small mammals contribute to various ecological
functions such as vegetation pruning, soil aeration, and the dispersal
of pollen, fungal spores, and seeds (Wang and Ives, 2016; Geng et
al., 2018). Certain species of burrowing rodents play a crucial role in
the creation of subterranean habitats, which can be utilized by
various other animals. Additionally, certain species serve as
ecosystem engineers by constructing dams that contribute to the
purification of water systems and the regulation of floods and
droughts (Gazzard et al., 2023). In addition, rodents are susceptible
to environmental changes at a smaller scale because of their limited
dispersal capacity and high affinity for particular types of habitats
(Stirnemann et al., 2015; Cuypers et al., 2022). Hence, they serve
as excellent indicators of environmental change for landscape
ecologists. Overall, regardless of how we look at them, they are
more than mere vermin and are very important creatures in the
natural world, and they deserve to be recognized for their positive
contribution to the environment. Therefore, assessing them is a
crucial part of studying terrestrial ecosystems.

1.2.3 Altitudinal distribution of small mammals

Mountain ranges provide an exceptional opportunity to investigate
how species respond to changing conditions due to the rapid
variation in climatic conditions and related productivity measures
over short distances (Vetaas, 2021). Altitudinal gradients are
characterized by significant variations in temperature, rainfall, and



soil, with environmental conditions at the extremes that pose
considerable challenges to species' ability to adapt and tolerate in
terms of evolutionary and physiological contexts (Heaney, 2001).
Different montane species, including rodents and shrews, are
currently facing challenges maintaining their existence due to
shrinking habitats (Gazzard et al., 2023) attributed to climate
change, ecological disturbances, and other impacts caused by
human activity (Willig and Presley, 2015; Neate—Clegg et al., 2018;
Rogora et al., 2018; Gazzard et al., 2023). Gaining insight into the
distribution patterns of montane species across elevational gradients
holds significant value for biodiversity conservation efforts as well as
for predicting species' responses to forthcoming environmental
changes and facilitating effective conservation strategies to maintain
the species (Rogora et al., 2018). To this end, ecologists have
become increasingly interested in learning about the elevational
distribution of small mammals in different mountain ranges across
the globe (Moritz et al., 2008; Benedek and Sirbu, 2019; Chen et al.,
2020; Craig et al., 2020; Mena and Pacheco, 2020). These studies
are notable for the comprehensive insight they provide into the
specific and general patterns of mammalian elevational distribution.
Undoubtedly, a reassessment of species distribution serves as a
vital benchmark for assessing the impact of climate and other
environmental changes over a period of time.

Temporal variations in the elevational distributions of natural
communities provide valuable insights into the rate of change that
takes place (Rogora et al., 2018). In order to make precise
predictions regarding the ecological impacts of habitat changes, it is
essential to possess a comprehensive understanding of the interplay
between biotic and abiotic factors as well as the occurrence patterns
of different species. Recent evidence suggests that there is a
tendency for greater species richness to occur at mid-elevations in
mountain landscapes (Brown, 2001; Heaney, 2001; McCain, 2004),
which challenges the previously established notion that species
richness increases with elevation and that richness and elevation



are inversely related (MacArthur, 1972). The mid-elevational peak
pattern, initially identified by Rahbek (1995), was further verified in
2005 through the analysis of 56 published montane diversity
surveys. Out of these surveys, only four did not report the highest
species richness at mid-elevations (McCain, 2005). However,
despite the increasing amount of global evidence supporting this
general pattern, the documentation of mid-elevation distributions of
small mammals in Africa has been relatively rare (Taylor et al.,
2015). Considering the influences of climate change and the human
pressure from the lower altitudes surrounding the African mountains,
assessment of species distribution along elevational gradients is
most important.

1.2.4 Demographic characteristics of small mammals

The populations of small mammals frequently display significant
fluctuations in both abundance and composition over space and time
(Leirs et al., 1997; Makundi et al., 2005). These variations are
influenced by a multitude of factors, such as the quality of their
habitat in terms of available cover and food resources, the level of
predation they experience, as well as environmental factors like
temperature, humidity, and rainfall (Lin and Batzli, 2001; Getz et al.,
2006). In the region of sub-Saharan Africa, however, the regulation
of demographic processes and population dynamics is
predominantly influenced by rainfall, as it directly affects primary
productivity and food availability (Lima et al., 2001b; Makundi et al.,
2006; Massawe et al., 2007). Rainfall seems to be the most
influential factor in the breeding patterns and population size of
rodents due to its effect on the onset of reproduction, the duration of
the breeding season, and the survival of offspring (Leirs et al., 1997;
Makundi et al., 2007, 2010; Meheretu et al., 2015; Lock and Wilson,
2017). The main argument centers on the notion that the presence
of fresh vegetation immediately following seasonal rainfall stimulates
the seasonal breeding of rodents and that the quality and quantity of
plant biomass affect the rodent’'s reproductive success. By
understanding how these factors influence breeding patterns,



population dynamics, and reproductive success, we gain valuable
insights into the complex mechanisms that drive species survival
and abundance. Such knowledge not only enhances our
understanding of fundamental ecological processes but also has
practical implications for biodiversity conservation and ecosystem
health.

1.2.5 Arthropod ectoparasites of small mammals

The ecological interactions of small mammals are not only limited to
humans and other wildlife but also involve organisms that inhibit
their bodies, commonly referred to as parasites (Krasnhov et al.,
2007). This suggests that the host functions as a suitable
environment for the parasite, offering it sustenance, living space,
and opportunities for reproduction, irrespective of whether the
parasite resides internally or externally within the host (Wall and
Shearer, 2001; Krasnov et al., 2007). Ectoparasites are a diverse
and well-adapted group of invertebrates. These organisms exhibit a
spectrum of characteristics, including obligate or facultative
parasitism, permanent or intermittent attachment, and infestation of
both surface and subcutaneous parts of the host’s body. Their
primary hosts are predominantly vertebrates, including small
mammals. However, some arthropod ectoparasites, such as the
Varroa spp. (Mesostigmata mite), have been observed to parasitize
invertebrates, such as honey bees (Anderson and Trueman, 2000;
Reyes-Quintana et al., 2019).

Ectoparasites have gained considerable attention in ecological
research due to their significant impact on the regulation of host
populations, the structuring of host communities, and their role as
vectors of diseases. According to Schmid-Hempel (2021), parasites
reduce the overall fithess of their hosts by depleting the resources
available to them. The act of consuming energy by certain entities
frequently results in a decrease in the energy reserves of the host,
leading to detrimental effects on the host's physical well-being
(Hakkarainen et al., 2007; Mougeot et al., 2009). This phenomenon



is associated with a reduction in immunity and an elevation in
mortality rates (Comas, 2020). Parasites possess the capacity to
diminish host density (Ebert et al., 2000), thereby resulting in the
decline of prey populations and subsequent repercussions on
ecosystem function. Moreover, the diminished immune response of
the host, heightened contact with potential sources of infection, and
heightened burden of additional infestations and infections
collectively augment the likelihood of transmitting the pathogens to
other individuals within the community (Solak et al., 2020). This is
attributed to the fact that rodents and their associated ectoparasites
are recognized as medically and veterinary important due to their
role as reservoirs for pathogens that pose a threat to human health
(Makundi et al., 2015; Haikukutu et al., 2022). In addition, climate
change forecasting models indicate that alterations in wildlife
population distribution, such as migration to elevated mountainous
regions, may lead to unprecedented interactions with other
populations. Consequently, the transmission of parasites between
these populations could potentially impose  detrimental
consequences on susceptible and unexposed hosts (Lvarez-Ruiz et
al., 2018). Over all, it is of utmost importance to understand the
spatial variation in parasite-host dynamics in order to gain insights
into the ecological and evolutionary processes that affect host
populations as well as for the effective management of species
conservation and zoonotic disease (Poisot et al., 2017).

Approximately 10.7% of rodent species are implicated in the
transmission of zoonotic diseases (Kimbrough, 2021). In Africa,
many rodent species, including but not limited to Montemys,
Cricetomys, Arvicanthis, Mastomys, Rattus, Lemniscomys,
Rhabdomys, Mus, and Lophuromys, are known hosts of medically
important pathogens and vectors (Makundi et al., 2015; Haikukutu et
al.,, 2022). The risk of transmission varies significantly across
different habitats and is influenced by human behavior and the
degree of contact rates (Meerburg et al., 2009). However, small
mammals possess the capability to transmit infectious agents



through multiple pathways: horizontally to other rodents living close
to anthropized environments; from anthropized areas to wild
animals; and as reservoirs on which intermediate arthropod vectors
such as flea, mite, louse, bug, tick, mosquito, Tsatsefly, and sandfly
and other vectors feed and get infected before transmitting the
infectious agent to humans, livestock, and wildlife (Makundi et al.,
2015; Eisen et al., 2020). Overall transmission of the pathogens
from rodent to human is adapted and modified from Meerburg et al.
(2009) in Figure 1.1.

Compared to other wildlife, the relationship between parasites and
their environment is much more complex (Wilson et al., 2002).
Parasites do not spread evenly across their range but rather
congregate on hosts. They exhibit a non-uniform distribution within
their habitat, tending to aggregate on specific hosts rather than
being evenly dispersed (Wilson et al., 2002). Such an uneven
distribution is attributed to the influence of host and parasite
characteristics on the host's exposure to and susceptibility to
parasites (Wilson et al., 2002). Host-related factors are partly
intrinsic and include sex, age, body size, breeding status, and fur
type and color (Viljoen etal.,, 2011; Postawa and Nagy, 2016).
Furthermore, parasite distribution affected by climatic conditions and
landscape of the environment. Altitudinal gradients influence small
mammal distribution (Rahbek, 1995; Brown, 2001; Heaney, 2001;
Thomas et al.,, 2022), potentially extending to their arthropod
ectoparasites. Understanding these patterns is crucial for
understanding community dynamics.
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Figure 1.1: Pathogen transmission routs from rodents to
humans. Adapted and modified from Meerburg et al.
(2009)

1.3 Statement of the Problem and Justification of the Study

Mount Meru is one of the eastern Africa hotspots for biodiversity, a
refugia for numerous taxa and providing important ecosystem
services (Demeter and Hutterer, 1986). There is very little published
on small mammals from this mountain, while other mountains in
Tanzania, such as Kilimanjaro (Mulungu et al., 2008; Stanley et al.,
2014; Thomas et al., 2022), Udzungwa (Stanley and Hutterer, 2007),
and Usambara (Stanley and Goodman, 2011), appear to have
diverted the attention of most ecologists, thereby overshadowing the
lesser-known mountain in its neighborhood. One of the first reports
concerning Mount Meru is that of Demeter and Hutterer (1986), in
which the authors provided scattered records of species occurrence,
mainly from the lower vicinity of the mountain. Only Stanley and
Kihaule (2016) employed a systematic survey to document the
species distribution data of small mammals in the study area, but



11

they did not include the habitat at the lower altitudes and did not
apply Havahart traps to consider large-bodied species. Updated and
more detailed information from all habitat types is crucial to having a
full data set on the small mammal diversity of this ecosystem. A
survey of small mammals has consistently shown changes in the
elevational distribution of species as a response to climate change
and other impacts caused by human-related activity (Moritz et al.,
2008; Rowe et al., 2010), but limited reports in case of Africa. The
lower altitude of Mount Meru has been experiencing human
pressures such as grazing and deforestation (Maleko et al., 2012).
Therefore, the survey of species distribution results of this study
might also help to predict species responses to future environmental
changes and establish conservation strategies for small mammal
biodiversity and ecosystem functionality in the future.

Despite the ecological importance of small mammals, research
conducted in Tanzania has shown a tendency to focus primarily on
pest species (Mulungu et al., 2013; Monadjem et al., 2015; Mulungu,
2017), leading to a scarcity of available data regarding other non-
pest forest species. In order to ensure effective pest control or
conservation management for forest species, studying their
demographic characteristics is crucial. Understanding these
demographic factors, such as population dynamics and breeding
patterns, is important not only for the conservation and management
of the species but also for gaining insights into the dynamics of
wildlife-borne diseases due to the fact that small mammals are
known hosts of parasites that cause disease in humans and
livestock (Makundi et al., 2015).

Tanzania is among the handful of countries in Africa where active
foci of deadly zoonotic diseases that can be transmitted by small
mammals and their ectoparasite vectors have been persistent
(Makundi et al., 2015). Mount Meru is a refuge for a number of
endemic and threatened species that are documented on the
International Union for Conservation of Nature's (IUCN) Red List
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(Demeter and Hutterer, 1989; Stanley and Kihaule, 2016). Parasitic
infection poses an additional threat to a critical species and overall
biodiversity (Pedersen et al., 2007); however, there is currently no
available information regarding the possible role of arthropod
ectoparasites in the transmission of zoonotic infectious agents in the
Mount Meru ecosystem.

Mount Meru is a popular ecotourism destination that attracts a huge
number of Tourists and Researchers (Stanley and Kihaule, 2016).
The wildlife present in the park could interact with these parties,
which subsequently increases the likelihood of their engagement
with the surrounding community. Furthermore, different wildlife,
including rodents and shrews, cross the boundaries of the park and
enter human habitations, thereby establishing direct or indirect
interactions with humans and livestock residing in close proximity to
the park's periphery (Mawanda et al., 2020). All these interactions
contribute to an increased probability of transmission of pathogens
between humans and animals, thereby modifying the risk of zoonotic
infections in the biodiversity of the ecosystem. Furthermore,
according to the United Nations (UN Health Agency, 2022), there
has been a 65% increase in zoonotic disease outbreaks in Africa
over the past ten years. In light of the overall increase in human-
wildlife-interaction, it is important to put the assessment of small
mammals for arthropod ectoparasites at the top of the list; a key
foundation for future wildlife disease surveillance efforts and the
development of effective biodiversity conservation management
plans. In  addition, molecular-based ectoparasite  species
identification is of very importance in the management of wildlife-
borne diseases. However, there is currently a lack of molecular data
for ectoparasite species from Tanzanian rodents. Thus, the use of
molecular approaches to identify ectoparasite species will be vital in
addressing the scarcity of sequencing data for African rodent
ectoparasites in GenBank. In essence, this study addresses gaps in
knowledge, aids conservation planning, and informs disease
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management efforts in the face of changing ecological dynamics and
increasing zoonotic risks.

1.4 Objectives

1.4.1 Overall objective

The study aimed to understand the ecological dynamics and
distribution patterns of small mammals and their arthropod
ectoparasites across different elevations of Mount Meru in Tanzania.

1.4.2 Specific objectives
The specific objectives of this study were:

i. To assess changes in the elevational distribution of small
mammals over temporal spans;

i. To determine the breeding patterns and demographic
aspects of the dominant small mammal species inhabiting
the Mount Meru ecosystem;

iii. To examine the elevational distribution of arthropod
ectoparasites infesting the two dominant small mammal
species.
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1. Introduction
Tropical ins are key habitats for biodivensty; they hart a high level of
rich and end [ Mu»mwwb

wide (China [o], Edhviopia [V], Feru [10], Mhilipprines [11,12], Sovakia [17] Roemania [14)
the USA [15], and Tanzarda [16,17]). The understanding of specific and general patterns
of mammalian devational distribution provided by these studies is noteworthy, and i
serves s # vital benchmark for sssessing the effect of environmental change over time.
For imtance, Craig et al [4] recently revealed that changes in cimate have resulted in in
upward devational changes in the ranges of rodent and shirew spocies in Simien Mouttalns
National Park, Ethiopia, after 88 yeurs.

Many East African mountain ranges have doen the focus of ressarch on the elevational
Alstribvution of snall amimals, inclding Mount Elgon in Uganda |15,19], Smien Mountain
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Natonal Parks in Eshiopéa [4], Mount Kemya i Kenya [20], and the Udsungwa [11] and
lh—_h‘h—nlh.l‘l These are. of course. other topogzaphically
weits that have d bes sCwnific attention.

" Mount Meru (4366 m) is e d highest im (n T ca, afwr Kilimangas
and the centrepiece of Arusha Nattonal Park. The high diversity of indscapes, from
open grasdand to montane and Afroslpees fonests, are hoose b0 & highly diverse wildiise
commaunity [22]. The lower and central dopes ane pasticularly beoad and provide 2 potentsal
refugy, for 2 grest scray of letpe mamesaiien S (23] Senall suamenals, mciuding rodents

and sh are, abo, imp comp of this v where they play
2 vital role in the distribution and abund: dc‘n‘-ﬂmwm
ib 3 a Sile. Bury fusaction as sl

mrﬁmmnmn‘:mm&-mﬂ
them on Mount Meru

The first reports of small mammal fauna on Mount Mers are those of Demeter and
Hutterey [25], who provided d records of amnly from the
lower abtstudes. NrSﬂyd mm-m—p@d.“—q
o document small-mammal dastribution along dlevational gradients in the study area.
Updated and more detailed information about this ecosystem s, thevefose, requined, since.
&h“tﬁwm‘.nhh“d”m Resserveys of

semall mammemale acroes the world have hed shifts in s TEnges, In
wnmmmwm-mn—um-mu
thevefore, sought o (1) & | distribs and de y of

-‘-—dqmdmmmw.mnhmmmb
e CoMMERUESEY Composetaon (hanges over timme abong an clevational cradeent

2 Materials and Methods
11 Study Ans

The stusdy was conducted on Mount Mern (3714°35™ and 36" 4547, kocated in the
rorthesstern part of Tanvanda, sbout 35 km northeast of Armsha fown (Figure 1) The
opography s, grneraly, rugged, a¢ 2 result of historical volcamic activity, and rises from
the Momela Lakes (northeast) and Ngundoto crster fsoutheast), fying at 1400 m, to the
Meru crater and sommnit (west end)). 3t £566 m. The raindall pattern & bimodal and varies
with the altinade The short zain period cccurs between October and December. and the
long remy semon o between Manch and May The dry season s from june to September. In
lowes, driex anves, anwsal raindall ranges between 600 mum and 1300 mm, and at 2560 m
asl in the Meru crater, between 1800 mun and 2400 mem [ 23

22 Sespling Sites and Viye Ty

There is 2 single path, which provides acoes o dimbers from the lowlands, and
rrmw up the southeastern slope of the mussll Six sites were sampled for senall J
between February and Novesnber 221, along thes route, with an devation mnging from
roughly 1500-3650 m a.sl Sites were selecte based on aititude and the mujor vegetation
type. Each site and elevation was confered at the comesponding campuite. Details on
habitat notes nedated to each site, trapping altitude. coordinates. and date of sampling s
oven bedow (nrpresentative habitats photographed ot each site are provided m Fagure 7).

identification in cach site was based oa [24.%9] All ampling sites span aleng
the Annda National Park.

Savanea (SAF 1500 o, I3 N T68" S W SNUTS" E 1116 Frbrusey X201 This site
-unhhdhhmwmdﬁ-m—“
thicket, and beshland t© woodland. The consp plant s inchude Carsdpurs
‘,‘Cnh ey, da fodia, Semms spectainlis, Octmus ¢
g, Sol Acroa lesata, Lanmtars trifolia, and teseck grases.
S e patch s o Acacas Tatiupd trees are, abso, conumen on this site.

¥ L




Dhvernig 2022, 14 &4

26

Sut iy

=

e e

[ R
|

Frgure 1. Map of Mount Mera, Taneania. showoeg sampling pomne. Symbobs indicate irappng
ehevations for 2000 fcomche) and 121 (trangle) studies. Elevation soees ane represented with color
the legenil.

Lower montane forest (LMF) 2000 m; 371490, 102" §, 36549 155208 E, 44 July 2001
Thes site w in 4 lower montane forest, with a closed canopy of tall and medim-hesght trees
of various species, such nn Diowpryres abysefmion, Ofon hochstettert, Riammus privobdes, Fiow
Homnimgt, Norar, and Padocarpue

Upper montane fovest (UMF) 250 my 3 14028927 5, 3654725 044" F, 49 July 2021
This site in positioned in the upper momtane fonet dominstod by fumipervs privemt ad
Pl gracitior, which s folowed by o seall bursd of clowd forest with Plagemie afwsinicn
I muach of this type of forest, thene was dorwe undergrowth of herbaceous plants, lioas of
different species, ancd shrubis, and the tves were festooned with epiphytes. Mosses wery
vomimon on desd wood and live trees. The sie, also, mcluded rivees and swamp aneas that
woore roninded off by Papyrus and Miscanthusas plant spevios

Upper montane forest /Ericacoous beath (UMF/7EHY; 2950 me 3°1V28.74" S, 365477 702"
L Bl Avgguant 2020 This slte s locatesd 0 o bramsitional zone betwesn upper mantane
forest and eeicaceois heath habitats, conquered by MHagenar abysaindor, Erion arborw, Stoebe
Al haraon, and somo Lavise wpecies.

Encaceous hoath (1), 300 my 9713'6.192% §, 30746/ 24 042" E, 3-8 August 221 This
wite wias situated in the ericaceous hoathland, where Lrica re , Pesmisetim setaceum,
amd Sautoling species dominated the habdtat. The majority of the fonests on this site were
dried, due 1o the experienced firebreak

Aroalpine (AA), 3650 me 3712°6,199" §, 16" 40°9.299" £, 11-16 Novomber 2021. This
highent point is in the Afeoalpine zone. Tussock grass and some scrubs were found on
this site,
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Plgure 2. Matographs of sepresentative habstats loe cach site samplod on Moust Meru, Tanzana. SA
(savanma grawdand), EMF (ower montane fomest), UMF (upper montane forest), UM /EH (upper
e Somend CErkaomons huathiland | EH Geecaooons hosthiand L and AA (Alroalplos

28 Trapyrineg Tochmipues and Mevtifiontion

The trapping of small mammals was carvied out in trap lines, cormisting of medium—
sioed Shorman, 75 « 9 « 23 con (LB, Sherman Trapw Inc, Tallahames, FL, USA), and
Havahart traps. A the SA, LME, UMFE, and UMF/EH, four trap lnes were established, each
with S0 traps. In the EH and AA sites, a total of 38 Sherman trapgs only were employed
A0 five trap Lines. The trap Hines in all sites wore established from X m jo %) m apan, as
described in the liternture, with trap stations spaced up 1o 10 m apart, with ome trap per
station. There were six days of sampling at each site, sccumulating 2 total of 11480-1200 trap
myghts (Table 13 The Sherman traps were balted, using pesnat butter mised with maloe
flour and avocado, whereas the Havahart traps were baited with a combination of fresh
banana, green malze, and svocado. Traps were tnspocted every maming at (7 00-00.00 h
and rebalted. Animals were euthanined with Diethyl ether, using # plece of cotton woel,
in the tempoeary aboratory in the flokd, and handlod following the ethical policies and
guldelines approved by the committer for Animal Care and Lse of Sokotne University of
Agriculture. For cach representative speoses, mascle /o kidney Hasies were preserved.
i 96% ethanol, for further resoarch. For all trapped andmals, standard external body
mwasurements (body, tadl, hindfoot, and keft ear) and weight were reconded, This study
comaidered ondy non=flying seall mammals, inchiding shrews and rodents. Animals were
handled following the gusdelines of the American Sockety of Mammalogists [31] Each
capturad apecies was identified n the fold, using distributional data from Happold |12
Stanthey and Kihaule [20], and experts from Sohotwe University of Agsicaltuse’s lnstitute of
Pewt Management. Representative samples for vach species ire kept at the Institute of Mest
Management, Sokoine University of Agnculture, Tanzana

24, Dt Amalyais

Wo compiled the number of individuals of each small mammal species per site and
calculated tye sampling ¢ffort in terms of trap nights. Unequal trapping effort among
sites was accounbed for, by usiiyg as a messiire of spocies abundance a capure indes,
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Sl v

Lo, trap Wa calculated e of trap wicoms, by dividing the mumber of
Wumnnmdmmn-.mwammm
by number of trapping days) and multiplying by 1000 A trap night is defined as a single
trap st for 24 b Speckes composition s given by the relative abundances of specien, Le.,
meﬂhnlhmAmw-uﬂu-udhmh
rnelaric d and elevation. To assews completeness
dmﬂuwmﬁ”m&bﬂmnwmmﬁm
mmmsmomlmwmumwm
to estimate the number of g species in the Il survey pool. For individual sites,
mmmMMMMCWMCMLM
10 its capability 10 knob species abundance data with low vbserved richoess. Diversity
and evenness were, abo, calculatest for each sife. To evaluate species divemsity, we used
the Shannon diversity indes, H' [ M) and derfved evenness, E (H'/165), 1o show bow the
spocies are distributed in the community.

25 Amalysimg and Comparing the 2009 amd 2021 Surveys

We compared the p wle | distribution of small mammals with prior surveys
nanmMom MAMMWMMMWWMYW
and Philip M. Kihaule in 309 (hereatter. 2009 survey) and published in 2016 | 20]. Between
16 July 2009 and 19 August 2009, the authors surveyed small mammals at five different
elevations (1950 m, 2300 m, 2650 m, 3000 m, and 3600 m) along the soathoastem apect
u«mmmmmmummwmnum
buckets. Bait for cach trap isted of freshl: butter. W
Mhmﬁvﬂuﬁtﬁnﬂmﬂ“ﬂm&bdhmmhm
amall mammal distributions, for each ste over time. To account for the inconsistency in
the trapping efforts betwoen the two siirveys, the species’s trap sucoess and percentage
of relative abundance were used for comparson.  The absotute abundamces for both
stucdien ate given in Appendix A Table AL All of the 2009 small mammal data, on which
our study was based, are publicly available [26] Al the sibes sampled i 2009 were
included within the boundary of our sarvey. To make direct comparisons between the
2000 and 2021 surveys, sltes from both surveys were comobidated (nto six elevational
wampling bands. The elevational zone ks established, based on the major vegetation bebts
of Mount Meru () savansa (SA; 15001700 my; this site wis tot surveyed in the 2000
study), (b) lower montane forest (LMF; 1700-2700 m), () upper moatane forest (UMF;
2X00-2550 m), (d) upper forest/ heathland (UMF/EH, 25%0-3000 m),
() erhcaceons benthlaod (EH; 3003600 m), and () Afroalpine (AA; 3600 m and above) [29]
Ommmumdma—h-dwmmnlh“ym

To amsems changos in small I community composition for each site and time
riod, we conducted a Principal Coordinate Analysis (PFCoA) using # Paleontological
Statistics Software (PAST) Package The urtis matrix was used 0 quan-

t=test was used bo compare the distribution of sites between the 2009 and 2021 surveys
along the first major axin. To esty changes in climate b the two suirveys, we
downloaded &3 yoars (1979-2021) of historical climate data from Arusha Natiomal Park, the
cone of Mount Meru, from the data soueoe ERAS, the fifth-generticnn ECMWF atmospheric
reanalysis of global climate, with a spatial resolution of 3 km [35]. We converted the yeardy
it b about 10-yuar averoges (19701788, 1985 1908, 19992008, and XX8-X121}, and thw
average mean lemperatuce for esch interval was caleidated, bo deternsioe the mesn incromse
tempernture per decade. We regnessed the | mean femp against the year for &
period of 43 yean, to see the trend of changing lemperatures over time. Changes in climate
over Hnw were evaluated with simple linear regoession, where the year was used as an
explanatory variable and the yearty mean lemperatury variable a4 4 response
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A Results
21 Adwendanir and Speviey Rachmess scoms Elenatim Cowdent

W soconded 8O3 senall muamamal captuses in 0N teap mights, with & fotal trap secoess
dua.mt-mbnnau—a“wmmm
(Rexdentis) and 208 weee sh (e a). While rodents helonged to 13 speces under
nmﬁMth!mwu-nMvuMMdh”
Uagek and Crvidy 1) were endemnic 10 the stady ana. Prasmrgs
muaumm-&mu-m)mauw—n
mammals Cooidura i s e o sy spevkes, with & peroentage of
slative abundance of 15.5°% (o = 127 Mus 2riton Q3% (= &), Lomuicommps stratus 05 %
(0 = 4), and Mowtemys delectorum 0.8% (8 = 3) were the theee most infreguently captured
species. In the SA sites, Mastonngs matabornes wan the most sbundant, acoounting for 51.87%
of the total ndividual in the habitat, where 22 in the LMF and UMF, Pranws tuitar wene the
domimant species, with 57 1% and 730%, respectively, for each site. As for the EH, Crvcadure
sprecies and Lopturomys covingred were froguent Auwwd”
richness, total percentage of trap success, and total p
cdevation were not significant (al p > 005), NMM#*QM‘

show that the species of small mammals = all habetats were sigruficantly
differat (p < 0.05), excopt the UMF/EH (X% = 0.27, 8f = 10 p=0.134)
Table 1. Nexzentage contrbsanion and Sotal sbundance (an p of emal ale in Jitrrens
s on Mot Mers
San
SA Ly usr UMM ™ AA Testabs
Raderas
Knatabmvys fantun I sl LN 1780w 2700 Rl ] 1o
Framgs tade - L8 e ] AN 220% 1408 - “aacar
Memzrewgs drin trum © - - L ax - - oam
Mus et > - - - > TNe) 05N
Moot wattedrmies A - - - - - Rt
Loy e - - - LTI D NS 850
Lomimie omngs sivastus - - LHN any - - 0S4
Crapdrurus murinue - - - “Waen 125 - A0
Crasimasmin didi dtas W a0 % IRe L% - 820
Dy smagyn - - - - 50 Swn L)
Davpmys i veeatas - 14n L ann - - LS 0
Cricrtirms anavps - AN Lm LY » . L%
Shrews " i i . .
o sidasns mevmand( I 03w 0% LY Maidn Sy 1385(127)
Cocalurs allex - - 12500 2% MI8& - 30.56M1)
Roxtern abundaece A ) 2o TS L 8" ) S LIS
e s R 0.3 WA e MWW Swn Hwm
Runiors epecwes ‘. . y N " ‘ n
Shucw specus 1 ) 2 2 2 i 2
Tragy macress (%) “o 108 s 24 ny LA 1na
Trap efion 12 1% 1 0 ne 1 Tow
® A Powrwmps A trum ”*numatwnmwvm— -
h-tl.:h- . AL;H,_ LN T3 S
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Table 2. Chvi-squansd (X7 ) atatstical ressilin of sprecses composition i sich i,

A L UMy UM m AA

x! om nx 100 (% wan falll)
o 1 ? B " ) b}

Jvaluw o000 o001 () oM 0.000 0o

PP Wt

1L ard AN (Al ) iy st
Our resitlts show that the distribution of species varies butwseen sitos (Tsble ). The
percentage of relative abundance of Rststimps dilection and Mi tridon was higher in the AA,
wheroas Lopdwromus oerhuger, Crochburg A1, and Dy i showed higher
of mlative sbundance in the EHL For Graplunras mourimas, BA% of the total was
fonand bn the UNF /I Praowws huitee, Mantemis dolectoruns, and Lowisoms atrintion were
Iighent In the UMY habitat. Dasumyps dromius ancd Cravtamps ssongel were reconded in
the EME In addition, high stuand Of Mustorrys abilimsts (LY, Artnrmiii niledivus,
and G o hodhchories dod in the SA habitats. Basedd on the result of o
mwmnmummrmrum.mpm-
rolationship with eleyation (R « 086, p = 0.016). The distribution of Dvfnmes insignis
wan, also, strongly related with ehevation (R « 080, p = 0.08). Similarly, the assockation
Detween Arevorihis milobicm and ehevation was strong (R = <078, p = 0.04) but negative,

indicating o decrease with elevation (Table 1)

Table 3, 1\ e of relative sbundance of sinall | species scroms slles sn Mot Mera. A
Titsar rngrvsssnmn mosel (87) s il 10 < hanch e slationsdiip by the po A of vl
abundance of each species amd elevation
Small Mammal Species SA LMy UMy UMIEn m AA Total (R}
Mtk il 2 A " »5 2 d0s oo '
ey faitee an 4 "a 121 LT 0] W
Missstrmgs defrvtorum an un “wy ny o o0 (A
Mus fritom an no 0 on a0 1000 054
natalrise 1m0 o o on awn 00 Ao2v)
rerhegent an 0o 00 n2 LA L8 A7)
Lomuismmyy alrivtae an nn me bati] oo 0o 054
Conaprs s o 0o 0o N w2 0o AN
Cortmmmivrys AL Anene ma 1 PAl) o 1 0o 1m21)
Dirndrimms insigwi an 0o 0o ol LA e et
(AR an s 42 “a ap 0n 07
Crivehims ansergw an “a na 22 v v 11"
Arevormthe nilivie e ”a nr ] 00 nn 00 2t
Crocidun wamwark i nu 10 w1 ni u [T Pl
Crovsbvrw siiex an oo oy pAL] M on 10.481)
g 0 I b o el atwaibamey of B speows between sitm ot et
::l' SA (mvanal LMY ¢ L= wtﬁyMtwmm LN/ B0E apyoor masbane

The Shannon=Wiener index of diviersity wis highest in the UMEZEM (H = 1594), and
Towwst in the UM CH = 0900, an shown in Figare TA Vidues for evenness, also, viried
m-mmm.maymwm.tnmm-am l'lgun\!dupkb
that there is a tendency for total small and
be groatest at the UMP/EH and dechine whhmully a1 thwe highest elevations, uw-.
total percentage contribution amd percentoge of trap success were higher at the UMF aod
Tower In the SA and AA sbtes (Figuey 4). Except for the UME/EH sites (Figure %), where
Lerniscomeys stritus was collectnd an the fourth day, the total msmsber of speckes reported
at each elevation had achioved an asympeote by the thind day of trapping. The estimated
manmiber of species (Sest) wits eqqual 1o the observed number of speces (Soba) at all siles,
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encopt at the UMPF/EH, whwee M was slightly greator (115 species, SE 4 1100, The total
nuimiber of sprecies in the overall survey pool was estimated 10 be 162 (SE 2 0.18),

W oW
100 |(mf aw
1%
190
os I
o . v . . .
A LM Ut UMF/EM (2] A
1 (l) L1Shrew species
B Rodent species
10 B Total nsmber of species
§ . |
s 4
g =
’ \
n ) - . - e > - —
A IMF uns UMF/EN LU AA

|

Figure 3. Diversity of sonall mammabs across sttes. {A) Species diversity evalumed with Shannon
iversey mdes () aoed evenoess (1L aoed (B) apeces tichiness.
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32 Chnges fre Commuity Compositio b the Last Dvosde, betuves 209 and 2021
W commpared small ma  spec mition in 021 against species compomition
recorded in 209 (Table 4) lwhhs&wﬂwqua&yhml both
suirveys sampled he LME UME UMF/EH, EFL and AA. The 2009 dataset inchaded 751
senall manstnal captures (475 rodentts and 275 shrwws) in 7111 trap maghts, with trap stccess
eanging from 355 to 1807 0] The rodenis and shiews were represenied by vight and
twi species, nespectively. The total small mamamal species cichiness in the study anea was
h.hnnumqu.u-pmummwm Prooweys futtoe was the most
g for 307 of wtal small mammal captures in X009 The trap
suiccess of N2t wmmmm-mdhu—m@-» The highest
pencentage of trap success in the 2000 (18.0%) and 2021 (21.9%) surveys wan neconded in
e UMF sone.
Tabde & Ocouesence dats In eetss of p v of sty Bt for wnch specie, by elisution
duwe, o JUM (s and 2023 (b on Moune Mo
Species SA ™ M umr UMFEN EH AA
Riatadoss lils tie ~f1s ALl /11 L ol ) s Wi
Cliovmys trprcali /o -/~ /- 1A= e/~ N~
Prasys durler o oA T /M2 Le/114 -de
AMantosgs debatirsm ~/00 -f= «/aN -’ “f- ol
Mun tratom = ~f= ~f~ <f- na/- -7
Mty natrmis ¢ ~£518 -4~ -~ 4= f~ -
Laptrnsmye (vrlers ~/no -4 70/~ AN A Alvs
Loty sbrittas ~/00 -/ “ ~far )= -t
Graphiures warmmue “Jon - 04/~ As/1an wria2 -y
Commemenys Aileiturse “nr .2 1A/ 18/ 22 28/18 “te
D avsigvs -Mmo -~ I~ os/- 45/28 [FiL
[ ~{ne -f24 -/ -7 -f- -
Crarmiengs avsengn /o /32 1 -3 wf~ LA
Arvicmthe sifotcow Rt} ~fan =f -f= /= -
Crovidury AL BATE H A2 LI L) 0w MRS
Crwidura aber ! -/n0 156/ s WA /1A 120/~
""""';"?:"’." 410 NIA8T MIYME VIR X407 e
Total number of spevas -/ 87 L i /8 “E
Tortad ambier cof captures ~4% W/ 7/ /e 150/15 /5
Trap effent -~ 12 28/ 1200 126/ 120 e/ 120 26/ 1140 o7/ e
Teap suceess (") /a7 1L7/m8 ma/ns 67124 me/ie 28/e8

o Nt e ** St et sstveped s 08, pvssslts e 20 e given dor comtent.  Species ssedad by
Chemeter ared Fiteses (770 within the ehes stiontal sargge il i shadly * Sgenten svondiedl by Dhsmeter ansd Hiuther
155] bebow the chevutions] temge of vur stody. The foutal lhete of Demseter and Hutberee [20] an detatid
et/ Erm sueimen FHlera muvvess besthlornf L amd AA [ Afrnralpavet

Fxcept for Otemeys trupicafiv, there wene no small mammal species teconded in 2009
Mmubmdhmm Oahmmmmaﬁuﬂanhld-hm

(Arevcumdites mi , mcommyy séritus, Dhesymys incomtus,
Crieet v o, aeed A s el M-n-lmﬂmhmm
OF these, A i et enictiant hhMMM

m.-mmusauum.:u. Mot
MM;“CMW”*MMMMN
UMF/EH aones.

hmOﬂdhhml--nl ded | Rivivdowrys dilertun, Prasmrgs
WM-I'M' furweny i, G Grammumeye diiscfinrws. Demdns
mur Croxiir rht wnd Crocid allex) were documented in both surveys. Of

~ahv1 P In both atudies, frve species (Grtphirms ma i, Loplunns terio-
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gomi, Croviduent allex, Dossfromus imsiguis, and Mus frifon) wene el ot highwr el

mmmnmmmmmmmnmzmmmcmm
mauanmmpu.mmmmmmum-uumm
our survey. Graph was cop 4 from the lowest elevational zones, the LMF
(n= ‘)-ﬂM[‘tn-lehmmmeGmmnn
mwmmuw:mum.-nwmmpmn-nWy,hu

2009 survey, Lophuromys g by the UMF and AA rooes, along
u&vmuwmm"hwmmummmmw-mn/m
(B 1% 0 = 12) Dl s was collocted in the UMF/EH, EH, and AA, wiwroas

our survey started recording ol the EH (2.5% 1 = 4), A single specimen of Mas Iridos was
coflected from the EF(20%,; i « 1) in 2009, whereas all individuals (78%; it « 4) in our
survey were from the AA zone.,
No spech 4 ‘nNd'n-: taon sones tn 2009 than in 2021, The degree and
d of ch by the 2004 and 2021 surveys are
pumy'dwihmm Inhgunn. mwdhmﬂhhhﬁpd
mdwwmmm“m Closer points show a higher degree of
Imilarity (o specis makeup. This, our nesilts revvalod that the greater cbmorved changes
3l position d in the LMF and UME According to PCoA an the Beay-
thﬂauymhﬁm!}?&dhd&mnmwmh
explained by the first two axes. The elevational di of species was largely (51%)
by the first axis of species composition, with the species composition of sites at
higher elevations having higher values along Axss 1. Based vo correlation analysis, the
edevation of sites was positively correlated with the values of Axis 1 (Peamon's 1 = 093,
< 0001), Using a pained t=test af Axis 1 values, to comgrare the 2009 and 2021 community
makeup, we found that the 2021 species composition had moe negative values in all
ehevation sites than the 2008 community composition (= <374, p = (LOX0). Herce, over

time, the sp mposition has changed in the negative direction along the first main
axin. This indficates that the speci poation 3t higher ele in 202} resembles the
pech atiom at Jower olevatsons in 209,

| data from Mount Meru showed a trend in i
since 1979 (Figure 7). mmumww;wmm-‘m
fensperature by (1L.37 °C (p < 005, SE =0 20) 1 in are, abso, evicent in

hmmdeKWmMnhmeH'Cpumlw
although the extent of change varies from one area to another.
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Figure 6. Pesevestage of trap socvess CLT5) brtwrott the two studies, acroes stes. LMF (kiwet montane
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Figure 7, Armual snwan temperatune changes fur Moust Men, from 1999 10 2001, Liness mgressiom
with response vistialile (Y) and cootficient of detecrmination (K7
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0.25 0.25
Axlu
Pigure & Flovational shifts in the Y P of wmal) s o Mount Mers

Armows indicet (he degre of changy 0 species composition between 2000 and 2001, basedd on
the PCaA matris. Axis | and Aves 2 vefers to the PCoA | and PCoA 2 axis respectively. LMF
(MMMDLW(WMWLUWMWMMM

Duarthlaend), KM hlasth sl AA (Al
4 Discusnion
41 Diversity amd Distridwtion Pabterne
The distesbutien of small Is b the “ﬂldymdly,mhdwﬂhe&n-
e sorwes. We foundd the highest absind, and fy lower I e LUME,

wmrwwapw.mumnmmmmmm
study and was highly confined 10 forest habitats. Acconding 10 a previous stisdy, P
s forest-dwelling goous [17,590] Pruvious studses from (vis study ama [20] and otlwers
mm«mmmunm-.mw.mmm«mmmn
forest habsitats. The highest elevational site (AA) tbubed the least number of
individuals aned specien nchnes compared to other habitats. During our trapping in the
AN, individuals that died in traps were frequently observed, Low temperatures and other
MmmummmmmamWMnmm
Sevarln [V AL this highest ehevition site, we reconded a daily suinimem femperatiune s
Jow as 23°C (Appendix A Table AZ) Thuw, unfavourable weather conditions,
Mummmdamumwmmumwm
g that high altitutinal 2ones have comparatively lower
thhudtymdnhud.wllhlﬂl
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Mhwbylovmgs il tue wis tha seconed maost abundant rodent species in the study aves, and
w.lwnﬁualldl-.htllnmw-mlhuul’/m-\dM.My-ldll'll
and Stankey and Kikaube [20] reported a higher abund o(n“ mmhm
higher altstucdes on Monit Kilimangam and Mount Mers, resp o
mMWhMMthmmM/mMabn hpkumnyn

s, I the same genis, has been repocted 10 inhabit bess favonirabile habitats at
wummm!uw‘mhmwmmmmwuwnmM‘lul
P ‘hoﬂdnmmwplmm Ta)‘lo'l\"l
noudmcum;-hﬁ*umhb-mdu-dmm‘“ “

Mbalemals was rstricted wo | altitude v, wherens A his niicus wins
mmmmmmmammmmammuuh«Uan
LMF The prosencae of these species in these sites was expected, given that | stk
have confirmed thelr existere at lower elevations, with bushes or tall grasses [40,01]
Stanley [12], alwo, found & mrach greater abundance of Mastomys mitnfonsis, at elevations
hknmmmhudmnlﬁupmm Crochlirn mesasserhl was the most

e whrew d i afl ton sones, alongg e elevational
'nnlln\h MyMKMbIJnIWmI.MmmmdMWM
his study area

Our newilts suggest that the sampling effort used was for documenting
MW!WMMIMMWMWMMM«(M
thet rotal number of species mported had ymptose at all ol except the
UME/EH (L riatis colh by&-mmdoy) Similiarly, the estimatied (Sest)
ﬁlimdmmmdalmmntm‘hlw
IMIWMMNMMM This, llwwuhmhummu
our sampling Y
-pmulnukwu'm. TR} _chynOur‘“ may confirm the thonm of
Sunhynullmhlulmmmuhdmwnmplhgdﬁmmmh
commplete lists of small mamamals, since their species acoumulation cunves failed s achieve
o phateaus at every site in the study anve. In fact, we documentid stx species that had not
provicusly been recondid

mhhhudmmwahwnnndﬂmw&mhmumhmmm
ulgnilicantly lated) with small and y o0 Mount
Muru In the Udsungwa M I, the 0} of smatl ‘m‘
udm-dnhmwnimndhmmmmmmhclwmml:ll Tn Bwindi
National Park, sp I decrmmed with elevation [H]. No effect of elevation on

chos tichress or abundance wis seen in our study, consistent with the report by Stanley
mmmtﬁmumpmmmm,wummmmw
study did not utibise additional pitfall bucketn; herce, diversity indices and elevational
data were gamerated for Sherman and Havahart. O sesults showad o sirong distribution
patteen in speckes richoess and abund, ol wanadl In, with an M the
ivtermediate devels and a decrease lowands the upper and lower altitudes. Thas, our
mwwmwmmwwmu-mwm
Is. across & widde range of altitudinal radients worldwade [4,9)
vwmmmmuymdmny.mmmmmm.nmtmmm
upper foryst wnd heath, The of & great e of
mw-nnpmd.mnuwukunhymwlhhw-v«bm-
ata iven altitude s the 0 o clew ranggo with different habitat
mmmnDanuMmen‘umemmm
ncreases and conditions ane ot oo extreme | £ 4]

A2 Powaible Chunges i Spctes Compunibion Metivn 2009 amf 2007

Onr Bindings peovide evidence that along an elevational gradient on Mount Meru,
nirsall mammal species may have shifhend their ranges upslope over the last 12 years, resule-
I by charnges 1 spechion commponition. Sece all e spechon wiere captuted af e highest
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elevation zone from which they wiere recorded i 2009, munwamwdcmolhumlm
range shifts. Our analyses indicate that five out of nine (55.6%) sh d up
movement in their ebevational range since 2009, Mbnlulhrdunmlobmwdln
Sumlen Mountalos National Parks [9], where twosthirds {66.6%) of small manmal species
Bave beens observed to shift thedt elevational ranges upslope. The incrvasing trend
in temperature in Mount Meru may be having an ecological effect on the different habitat
types along the elevation gradient and may be driving the obsecved shift in small mammal
community patterns. Rising mean temperatisro, due to global warming, i predicted to
shuft various habitat types and ¥ 1o higher L Jes and altitudes [4,47]. Since
mwmmhmwwhﬁuhmmmwm&mw
a response to the 037 “C increase in the study segion’s mean average
the 2009 and 2021 surveys. Nevertheless, when we comp ourﬁndnvwiﬂnhm
results, there are other factors that should be taken into account, as follows.
mwmdmmmmmmmummw
TPark, human activities such as grazing and & ton have iied habitat deg;
mnhhmalbhﬂul‘llmﬁmbmmwﬂmimmm
xposed to i mainly at lower devations and mountain bases [44]
Theredore, we specul. that b activities may have, also, contributed to the upward
elevational shifts in our study area,

Second, our survey used standand Sh Havahart traps, while the 2009 survey
utilised Museum Specal traps, Victoe Rat traps, and additional pitfall buckets, to colblect
same species with low body weight. Forexample, ﬂ:mmdaptmdbdwumh
for shrews in our survey, compared to 2009, could be refated to an underesti
their sbility to be trapped by Sherman traps, due to their small size, M&ewwd
npvoemwcumumddb-nnpumm ah.mmhummlnthmdhu

used in both surveys. In addition, idering the @ mmmm&u
AAﬁthuMhemnnrysmmMnlwh‘ poet when v the 2008 and
2021 findingy.

Finally, we expected that lower elevation zones (1700-2300 m) would experience

a decrense In species richiess over Hme. It is widely predicted that communities will
shift upsiope due to climate—related changes, and species richness will decline at lower
elevations [3,44], However, we found a g ber of senall 1 sp atlow
elevations over time. The higher species richness in our survey compared to 2009 could be
dwhmvmmo)mmmydwwhgamhmdmpmmm
the p v rged in our survey but not in 2009 & credited to the
mm:umvammpmwmgmmmumuumwm
mass. () We, clearly, do not have evidence of the occurrence of the six new species in the
SA zome (1500=1700 m), which lies below the elevational range of the 2009 study. However,
5 that moved upslope from the foeest zones weee, likely, replaced by species
from the SA zomes, which are savanna habitats. This suggests that the community s shafting
uwdumhwwme[MwammeMyw

species from lower ele For miloticus was not recorded in the
m:qu,humlomdhm&n&udwln ddition, Tx and H 12%]

iatus and Grapiriures inluwu-‘. ions, including
uvmhlbltﬂuwmhmmvydtqwm ] Jed at higher ek
zones, probably condimming that sp have d d from hab
mcnnnelummms THshmppcbdbypwmrwoquxbpemnp-M
due to cli insides, may be comp d by the influx of
up«mmmﬂyfoundnluwa devations or by expansion from small nuclel left over
from p % episodes [ )]

Oﬂbommlmmalhulhkdmm Otowwy trapscalis was not captured in X2L
In 2009, Otomys tropusalis was captured in the UMF/EH, EH, and AA elevational zones,
whkhwmspudtoﬂ&ﬂm.]&l)m,mdmmmwdy inuunmdy Ttis
very unlikely that their was 4 by our since

L a3
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we inchuded the dhevation range surveyed in 2008, and our species accumulation curve
dicated low probabelity of captuning new spocies with more sampling. Hence, this spocies
nyhuhn-uamynn In addition, Dy and 1 129 ded five spect
nlO!unqam-Im which was not recoeded in 2021, hhwiddywﬂﬂmdmm
7 are expocted o experi further upward range shifts in the future. in resporse to
rocent L 151], andd species that coour in low dersities in narmow habitat
h-ds-nhnuﬂvuhm*hl&“ﬁtl mmhmmmmmmmwy
ares may become endangered, ankess they are abile 1o adapt quickly 1o changing condityons.
Unlike Jower elevation ep there & nawhere for higher elevation species to go {40,579
In other words, a species cannot move upward bevood the top of & {52} Anothy
important point to note here is that the EH belty had experienced a firebreak in 2015 [54)
Tt is, therefore, worth highlighting that rising temperstures over the past decade and
vegetation changes, as a result of fine expen may have resulted in the local extirpation
of Ofeweys species on Mount Meru. However, the fact that osr survey sod only standasd
Sherman traps, while the 2009 survey emploved different frap types, should not, also, be
WmmmdnmsmmMumwmmm
species are not easily d [55). Th quired 1o the
wmdlﬁsqxdnmhmdym
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Abstract

Mordemys debe toruni & the anly member of the gevuns Mantemys withe the tamiy
Muridae. whith is an endemic rodent of the Exstern Africs Hightands It is » threat-
ened speces dur 10 AaDiat 0T Ind 1 CUTENt tORSErYIhoN SAt © uncertan. We
wuww:*-‘“ v two of the mowt e
ding the: wEton ofa Capture-mark-
d—ﬁlu—-a-hmlﬁ-'d—'m-hth.nm
forests and deme farest hataists Martreyy demctrum showed modsl breeding
saanaity, 3 iow rate for the short meerval between December and Februsry and
2 promounced rate for May-huy. following the high raimtall in April This shows that
ramisfl pramotes wegetation yvaitatiity which stimidates breedimg sctivaty and sdds
offspring to the population. resulting in increased population abundance. The poputs
tion of M delet Turen |s net stable o thus andscape. a5 Indcated by the uignticant &
ferentes in population site betwesn the two forest types. with » significantly groster
be consdered an eesential retuge for the wpecies.
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Résumé

Mortemys defwctanmm ool I soul membes du geore Marams 4o 1 tamile des.
Moridae Qui et un rongme endémiciee des Pouty platnmss dANGue de FEL 1 sagt
dune espece meracte o rakon de S perte dRabist £t son wtatul de Comenvation
Actust 051 ICertan. NOws setts Studié e schems do mmproduction of L talle de
population de M deiectieum. deus des acteuns les (i FmHortants pow Comprendre
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ot e retBchoment DAE 08 menbes Go Towler 2027 3 juin 027 Gaws des habitats de
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Caksemde dewran e convlirde comme i refige essentiel pour lespece.

1 | INTRODUCTION
Rodentia s e gt mammalon oroer (Murge ot ¥ 2050
WAN A63 i b Wit wiw well reprmsarted (0 St Saliaren Afvice
Oanads ot ol 0TS They s mvwe slusive. shatebing oiket cos
Prs OF CRGrRS TR MOWTTANE, desevts N rivers A Ry a ruoe
10 0 mcomys v W o thie et Garnand ot al, 2073 Roderns
e ot reshinide Bk 0 e fuod o they serve i 1nos S verie:
Brates i pray and they regiiate the pogulation of aects and sther
Ireeriatioaben by soting a8 predatons eenand ol ol 2022 Opde
& Chazarreta, 20181 I adtion, pruning segetanon arrating ol
AN Saperiing potlen. seods and g wores (Ceng ut @, 208
Wieng & been, 2008 arw wmirgg e sootighoal vl wf redesis
Trrowing Reches Creste SULARTM N NBILIE Ui Ly Oftey any
A ek ot i | s el iees of i et with
At chamms 1hiat hkp ity wader systerm snd modwoms Hoads st
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A Pty (itpprers @f ol 20271 redents are serniive 1 ervireny
Ll Changan AL seadber b aben IMRabnt & Ray, 2000, St
ob 0l 20000 Menew, Wy are o sncnbont licatin o snvimmn
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AN ey eneren 1o e recoggresedt e ther ponilive Contriistion
Dangete thew very Imp by 0 ihe proper
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P eow foounnd o0 pavl weckns wiioh sccount for SN-LTN of the
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FIGURE 1 Mapuf the study area and trapping lacatans (81 and 52—-grids in patchy open farest. 1 and F2—grady in dense forest),

the ferest that can be casad by natwdl events, such as natise
treoy faling and raturst topograpty. Thase open matural festures
anhante habitat dreersity by slowing fight 1o omaeove (he growts
and availablity of underground cover compared 10 deroe Tnrests
with a dosed canapy 1Grvets & Greco. 2007) Gitten & West. 2002
Goaudyell ot 2l 2007) # altitude and monaks andwcape
Type Sewamg, near e Fhver position 1o sustightl ane known ts nfu:
ance sodent popudaticn s (Rickand of al. 2022), tet their relatren
cumtrittnns and ethects may vy among species. Mot studiey on

2 | MATERIALS AND METHODS

2.1 | Study sites

The staty was camied out in the Mount Moru Forest Neserve
(140045680 3* 14" 407 and 20" 44' 547), the topographic con:
Depiece uf Avsha Nationad Pam, focated In the Arusha region
of Tanganis Wgwre 1) The rainy seavon rvm fram Novesber 1o
Muy, and June-Cetober am the driest months, Mount Marw

Alvican rodent desugraphic aspects have focused on pest sseces dshest by s mwes, which incude granstands
(Mayamb ot al, 2017 w2y guet o 20101, and dhech open ot fower L L
while ecfogy studies on noo-past spedes M forests 1700 and 3000w Higher up, evergrocn
defernarum, are scarce. Thee 3im of the study was therefore 10 deter ericaconus sorub fenms he fransition 1o afrm-alpine vegetation (fe
mine the 3 and dwmegraphie aspecty of M. defecta- detaky, yee 0 P006; Getrnzgiher ot al, 2022; Ned
Fu WiCH are Vil Factoes n understanding the Comenasion stats. et 20121

of 3 species SUCN, 2001]. The study specfically anywered the fo-
lowing questiony §) Doey breadeng sctivity ol M. delectorun difar
Between habitat and seion? (1) Does the

The trapping sites Figere 1) were locates in 3 inontane forest
00 in the southast and northesst parts of the mountain at »
of sbout 10km. The average annual (ainfa¥ at the stes

oM ry ratetats and {19 Does the
trvadey ot populstion pattem of M. deiesturun folow the risdall
pattern?

durmg 2021 and 2022 was about 1283mm, The trapaing grids in
the narthesst were sxtaliished in the demse forest (F1 and F2 ot
a0 aNitude of 1750w, d by O
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fernade M. - dnd and o ol mantha, but
only a sl gropadticn of the ankmals wore sexially Jcth towrds
She und of the driest maethn (August-October), The sumber of re-
productively active femaies in both habitats peaked in June, folow-
Ing months of high rainfall. Our resuits abo show that the number
of uvendes captured wan grester i June compared to the cther
months in Doeh habitats [Figure 41

4 | DISCUSSION

Montenwys gelectorsm was the most abundamt small mammal
spedes in the study arco |Gebeezpher et al. 2022 Stadey &
Kitaule, 2018}, Tris species has been mcorded in high dens-
Nien i forest hatstats throughout East Africs snd s known 1 be
2 forest specialiat (Adewola ef L, 2001 Cassola, 2016, Thomas
bk, 20020 Wis, th el Sing thal it wos She &
spedies i bath montane forest S2es In the Mount Mesuy forest je-
serve. The higher abundance of M. delecromm s the patchy cpen
forest sites, which are located 2t 3 higher slevation comgared tn
the demse forest 3t 5 ower slevation = owr study, might indicate
that the gatchy open farmat wtes had abisdant foo [

‘/)? f" / J‘VJ//}{W# v

FIGURE & Percentage of uyeniies n
the poouaton.

.-"'_.

ifden that M. LR Amowyg other rodent
spozies resctiiog In 3 lower abundance s sites with highes species
divwrsty (Malendl o 4l 20030

In théx study, the of M " e~
porally, consistent with previous studies reported for other rodent
wpechen in Tanzarts Makunat ot al. 2007) and Ethiopta (Meherets
vt al, 20151 Abundance peoked from the md-rmny semon to the
warly dry seanon, indicating that raintell & an important emdiron.
mental factor in the of a species in ™
s effects on plant growth Vegetation is not sy used 56 & food
source that triggers and adss o the pop-
ulation. but it s 3bo used 2¢ 3 cover to protect the animais from

4. b trat the of the rodent e
dviven by changes n food (Makund)

and vege cover

wtal 2007, Provital ot 2. 2009) The vagetation in the gatchy opes
forest was dominated by fams, moss. epiphytes and grasses. whose
Kromth s detarmined seasonaly, trying cut during the dry season
and quickly owing n the wet s2500. The relatively lower atun-
dances of M. delectonum in the dense forest segpest that the troe
canogy may lhmit the avallabiity of rescurces for the rodents on the
pround. reslting @ decreased s activity. juvende recrumment

et nividusl marvival, Our Capturs history it in the dernss Sotel
deaterd » lower number of the

4 braebr e

thim species. Morsover. studien show that wh the
distribution of differset species {Beawn, 20011 Mareover, Richard
et al {2022] and Gebrezgiher ot al. (2022) reported the elevations!

M.Mu&naﬁtmawmd%;wvu
buth. The ackmals sre more vulserable 10 predation when these ks

@stribution of the current siudy’s species, with highee ks cover. Signs of arodatory incidents. such as trap Je
at by Mghes ' by itseit, above and beoken trapy. were frequestly obeerved In the dense
s lvwd mans nething 3 species (Brown, 2001). The correiated forest.

' | varishies. such o6 vegetati that thangs Our resdts el that the o M
rapiddly over short di o vl o ware i, haveng d in the wet suason snd conting-
brund As s the fares! Cinnpgy decreases g theough the sarly dry season This is & typical case of Bimods
(Diion & Cooway, 20211 which may light re- dn y with two periods: a low rate for the

wdting in higher enderground covers that JuDOoet 3 greatee numder
of indviouals. This was evident in our study, which revealed that
the higher sititude forwt e the petchy apen forext st 2100m|
sported more M, delacromim indlviduals thae the lower sititude
forusk (e e devae focest st 1750m) The ominance of M, defec.
Sorum in the pacthy open forest SEes i cur shaly the

short interval between December and Felruary and a pronounced
rate for May-July. The highest abundance of reproductively actowe
femabes in May wodd June appeared fokowing the high rainfal s
April. These fetings are comsatess with previous studes on Afvican
rodmnts (Mubwraty vt al, 2035), which showert 4 delaved popule-
tion after the pesk moeth of rdinfal. Rantall & koown




50

CANRETONER o w

Af%r) the beamBng sttty of Wil i Dy nCRming clant

d brmgng a2 ity Sood Yo wpeRiuc
Ues fumaion St 1 ibe of sawf el 0 Breging Guity vegulition
cawer hr Ahefter and w3 L

I Wiy

ACKNOWLEDGEMENTS
e w grawtul b the Atvean Comtae of Dateencr for Bresatee
Rodurt Pt Mansgremmtit ind Susaras T renyy Ovsentseee

portart m bood. Lens segetation cower makes S ammal moes
wineratie th predatars. which can dieectly o indeactly sfect it
Bramding activity Prosietors st anfy Gl repr b tivaly sctive bnd
o s s ey S0 the spent
an sygferce emd dexrwewe leefing tane o wiey lneger o refuges
I resposse 0 praditor fies Time & Bedowheft. (999 T may

relt " e o he
e waler et s ey gy
At g ™ g Nesith ety

et JOTL Therefure & gher muinder of resrodus tive indviduhy
et powaries tabamorg e kg (ANe SRINON 1) 0w Ity e fety
with riwam by condal Gurmersily
the proasmate fecir imading 10 e orset M regroda TEn b STTew
A PO WPrtaten Wil i Tmdar A et Tty madey Sewe
Pl Y cther et 1ge e (W o X 201,
o e 2005 Mulurggs o ol JULE On the wtior oy, the e
Prpnctia of repEaiic tvely X Tive temates and ewbors i the

L hr hauteg e We thak the Ll
et the D of Wiksmse " the

Tokoure niveriiry of Agraidtien lur L3 ALITNG e Retitunt Wy
e T 1< fur Scimen st Ta

e Tanaases Widite Beseic® maitute ond e Tanzme Sationsd

Ll LR L - - permit Wa fhare the

A Park ottt fur

COMFLICT OF INTEREST STATEMENT
The mttory deciare that they Rawe 0 conflict of Tierest.

DATA AVAILABILITY STATEMENT
Al o tha data for Bw stualy @ exlatod witen the meee

oscin
Gt B Coamighe O

Beemn Sorwat Whee mey S e e vl of oot
Wt Pound cover £ue 1D Yoreal Canogy. which aowed bnait bo
grate b weh of food snd or bt them sxpuesd 1o deect and

indonct affents of L L o Soam e sty
Tt the Ngher umtes of hamedey (B ng e heeeding watos &
Bun b he gty sumbees of Sermakes

5 | CONCLUSION

The beaeding pattom of M. detschirws I s thady wes sessonal
Tapally there e e " evode & e cate for the shert
otera e K Y nda e

G 1, Vasien Broarhe. B Larn M, Mangs L B, Mintses
A WS Muburali B % 00011 EMacte of fovest dnbirhores o S
Mreres of wr erctwrrer svtwrrt T 2 Smmfteeriity hatvpee o etagy e
Esatvtion 12 TFVT-2401 Mitpn s sy 30 3000 el T304

Brwn, & W GUOL £ o
Besrury Lhtd Eosgy avd Bogeegriate D1 107 ‘.‘
oy UI 1004 14 €770 2001 00220

l-n(mfnhu.mn.‘vn—nimmnn
e o UL 1

Busen, £ W m* st s o
Al Mountue - Ao Jesrvies (yovee 11 01-84

Conete, U0 Awerns declvam, 1N el Lt of Theestered
fowies o TINIMAZIIBAST  herps sl arg /I8 220GMCN.
UM 2034 3 BLTL PIHDSRAL 430400 we

Cospery, L N Sabem, © Sumbra, B Aghout T Laboud £ Ly
n‘u(.nn.-mumml—*d

o~ L

far Map-2by Sttomeing the Ngh rantst of Apl The o
10Ny el POCUAINON Mie ubstrved in tha ity Canfen e o
TErOtEnn Made enewtery 1 ANE3 whch REport e Sapothess
that reedal svents prmary . b Ay
Brreding wiialy B3 X0 “ew ATGEEg T e OUSin. T

Campastive geewts svwrtew of el sen-entern “
Franrers i Esamgy o Eaetatum & STR Mitpn vl args 10 2380
foem JTIST Je2801

Ofun 8. G & Commery € 1 20210
It promary prode tuity diee shrsetne racients bt mutan -

.k At shesdines. The o M A Oy doeraty Losngy oot Drmiion, 11, 53955957
Gazsand A, Pavtne C & 20T e deters <
Baa W OOk Mtable I S - Ty ihe ased o D
dtttyrences m epdstne siee brtween the twu forve frpes A vg 2320072 b Mtow
“””uh‘_‘hﬂ*h D e 90400
thar gty soun Srwnt et by G LN N an, A A Bvmen S 8
betin, € M &

The wpecas W ahD0Om. e Imited vegetatun svadalidil y Por femd
I rwitee agaeet potertid Grwimcry may S0 tw 1D Sarme t3 the
lowar mumber of iy Ve N it

¥ ome -

s st msutsin. Sisigy LT} 384

U2 0 (e dewaw Seress Fiaily 1o iafy M WhOm Serm 3nd Socumnd
e lew ks el o athes i
DEPMITAN P FTEIETY WD 1 Wrvesl moweTt Gatters and re-

™ ¥ g of these
STty of M Svdecirses b ST 1 bethey understandeg ) e
et sareer ewtEm statm

8, M LN v, LLs

Fatshmebn A A S A D003 Detodie bang chamge = S shees.

o L tae wri - Nen Moy
Tarrtarta Dhesrily L4 354 htis <fster vy 10 EIVD 008 0E54

n-" mtlc-tmw-dﬁ-b-w

- -ty

e stmarce of g8 n-nn-—-.n 10A3- 1037

Pt Vi sy WP prerenab g LT




51

GEENAEE o

“Lwicey-

Gantlie & Dantrus # 5, Commes, & ss—--— L
Q000K Py - e
--.-c.*-—hnﬂﬁﬁ
.. Fams o ™n .

0330 S0 G158 3-DATIO00CDGTES 1 1 om0

Greess £ % & Gwot 5 £ DOOTE Soe e Sefier & pones A e
et b tmrarSesly Sdvesteg wpame gucfit bl
Jemtes |amtsspy tisngy §3 1331340

Goes, & A £ Wt § O D0ODE Seal mamegd sepomse b evjed

e Cocatun. Favest
Lootgy s Masageeeest. 1468 7 199
(7 "2 L s

A 130T D

-

iy gty M. S ELctagy Pegren Seves 251 15 28

G, L Comae | ¥ Quemeses £_ & Sl B QU0 Pageston

= - e et -

maaly Samdedt apeted e of et Mgl deene of
Mommstugs. S5 TR0 Mol o0 SESLTSES
I3A200TRAIPP T paren T D am I

ON O001] 10N st in? Cotygnrs s o versiie § 1 SN Sorsen
arviu srmerrE LN Usnd lertmewed st Canzratge B
e W20

Ewtn C ) O%E -
u—-—_—wnmm

Lt T E & Duntion A O Memig 1 5 Coms s £ 0
MoCoxten, G F. Owes Somm, 8. Fws. £ A& Vindes Wil 5

T SO Phe bumctmesd o - s
A Mpmmmgn RN MO
ML_IL“lmMJLwﬂ.G
W

~“”*-.-h—~
e Y TN-300
Une S 44 Setemtaft 7 A OFFHL Tempunsd seiios = Senger

Eatl T - ~
sutwsn. The Averase Nbosiel 353 S50 450 gt
ey 0 200 TTIND

Lok M. & Waes & A O

Pun. Tecess Comme Seseset tnens of Bateges Soemss &

TN
Massame A W tm L N B Mg &
Taga ¥ & ¥~ T Ooa
e ety Bt Came sty of
TR e TR Vet Jymengy |

2730 Mg S s/ 30 LTI SR SETT 2068 0NN s
Magamda A Besscte BV, Lews 0 waturge, B € Beamangs, B M
Natbyemtia & haticye M SOheetia D Masiaer A W_ Cmars
on.u-nr_a.n—-:.sm_c-u-
-
u-.d-:.l.-u-t—-._ Morruss 84
FA-TAX ey v g 30 131 M ingrmty- U100
Meterrne Y. Welepreime. K Sioeit, W Saer 4. Cetostient 0
Dovvers | Mabond 5 Lo & DDTS Sepedcim and s
el of codets e ceny famds The sffects of semdal Oop sage

Q11
I 0T L3S
Momatpew A TAs ¥ Lh&‘u‘ 7 D OOFR Sommey
" St S s A e
Wt 2e ooy

Maege LS D017 Oxumer 13 Commad of mudet g2y In e O
Taanoe The cave of A = 0 Wises £2) Ay sesee
----M I s 7207, Buregh Dot Sciesex

Smas anne oa
AW, e 5

- Mot Vi

- L3 LN
Mg ¥ L COCE O

Tonssmta Sowenals 2 179205
Mg L 3, Ngema V. Mang M, Dteeets A L tesu ¥
Mesms PP, Sleas £ 4 ODUN fepuetion Sy aed
o o Tene ez
o Seh 1538 = svgend sus St o esttes Tonmunia for

Managament Scanex #3737
Walet 8 P_hibe . Dusnet 5 & Comintat & ODED Commune sy
of Fruvte st put et Bewivend My 1. 331 Su-

Tomana s s Laven 3§ Svestermd oot Pantoer svem
Atarit e 4 rywg (v o sasls] evofend O ra
asmasrn Aateute Armster o of Joemgy £t 800 trvpm o
L S il )
Mt & W dheese 8 £ £

B Lo rew
—cokoe guates SPENE Aroviu Fan_Lestenhy 2 1580
“ukL_SILu‘O.—ll
Cnpomn -
=y of 32908418
AW Doom e cvhe g 32 Aty 13508

Semmern Mt DEO) B S Seetyy S P e weyt—
umte s mmata wrtest svsee sl 0 Emertal Y
Fonper wwE— N s, 5 2 Regetan, LA Wy O
A et b D02 Speset e L Rt svie and sesceie Raden Sty
gt e T30 AC
Matord, B b, Masswe & WA Mounge L S D00 Rodent op
B n e

LA L v.

£ Mssme A D Lomees,
AR Mamary Lommen £ & Bvia | OIUE Phwtgeepescs o
Adwan wlution of Frasewis Muise: Mabed mtents. Frs
Ny sesshert phvigrny EVSlEEnIY Ny 20 Seboutabon W
extant groerd. - b 48 WP

BT RIS R B i Latated Brgen et o
Demingy 174 1WA

LN Aw. ke L5 0007} S -
) el pebstee Syrarei 3 Pwes SO0 Gmcss = e
Magente Siewi Severes Weatse LI Mmat e wwT>
wwt Semmmns Afwcas et of lastgy 44 1773

733 5058 wmewn 20T 527343
Qs ¥_ & Ouzaeeta L DOUSL By of epads Mantee mad
MRCINg CN D RSN e et ANEey A (e
41 715729 S i g/ 30 21 U L 12448
Prevtal, MLA_ Lime M. Maserwn, # L Sem D A L Cumeeres 1R
-

e R AW, LE& A D0 90 1955-2008 Senpe SMn oy M0 SSRGS D005 1
gwias fiearuty st popudstae Syravecs of TSt w3 tww Teted U Ssamrgs £ W Magige 74 Malants ¥ & OO0
ke teur mmar wweww ¢ Comep LETaas ASTe Dmews o R - -
Sustgy S8 I13-302 ~ Sury

Matsim | S & Ry ) © QOO ol T «C0es
= Covtnit M ae Swah G e *N.hl..(“.ll.mﬂ._kul.
o= e Sarery Csessreme Aumyy 34 MI3-1028 seoeooma Smrzaw B O A Comta b Cx ™, Comamz T

S IR 000 MO
M, T D, M, &N Mawnga W F R Sews £ 3 DULD ety
W A e WY W el e Sowds Nt

Ol 3 Cussenene, £ Cotbn M & Musciune. M. Erachbames
B Comre O Goo M. watwicon M. Maoescs © CULR
Assrmen of e Dange TR Gh S—ta LR



52

CERMOUMER v

Wnugh & oes-whe aatydls i the Als Ind Ageevenes. Science of
e Tadst Evwbrprmrmmt, M. JA29- 1441 hingfided ong/ 10 10144
acttsterne 201742 (55

Theertt? ML Riets, C. )R Romu L
Here Ml tuating presiaton risk inpacts B strev avh of wosnhos
hares durleg ihe 10y Oycle Oeonloge, 168, S5 008 Retpe
ok Srg/ 10 ICTAOO44Z 0111907 2

Stabey, W.T, & Chuuto P M. 20141 Bevational ifntstntun and eosd

Thmetas, 4. M, Scha G £ & Mutumgu L 3 [2027) bnflusmcy of vop
aon " el on rodent g
seruty and commaty sasmblages m West Mut Llmagen,
Tanzaria Esakigy & Ewstution 12 e9T11, Map /el g (30 1000/
el 9211

I Wiy

Vg B & e AR [D0MS Tres-to-wrem voriation i seed see and
= Lo e v oo
dents. Oecolgrs, 103 753062 herpe Sdolong 10 3000044

Wikig. M E_ L Prenley & ) 20741 Siadhveraty snd setacommanity
Ari hure of wninas song Wiilafing g ity o Do mertane
frwain. Jourmvet of Serpnat Frsiegy, J2U%, 421434

How b Cile this st Getwergher, G B Meherets, ¥

Katabwetm A A S Satund. € & Mabsandl R W 2020
sepectsof

an East Arican endemic rodent. Ahican e of Econgy

0010 mtpe ol org 10 111 Liam 13172




53

CHAPTER FOUR

ARTHROPOD ECTOPARASITES OF TWO RODENT SPECIES
OCCURRING IN VARIED ELEVATIONS ON TANZANIA'S
SECOND HIGHEST MOUNTAIN

Genet B. Gebrezgiher***** Rhodes H. Makundi®?,
Abdul A. S. Katakweba'?, Steven R. Belmain®,
Charles M. Lyimo 6 and Yonas Meheretu®’®

!African Centre of Excellence for Innovative Rodent Pest
Management and Biosensor Technology
Development, Sokoine University of Agriculture, Morogoro
P.O. Box 3110, Tanzania
%|nstitute of Pest Management, Sokoine University of Agriculture,
Morogoro P.O. Box 3110, Tanzania
% Department of Wildlife Management, Sokoine University of
Agriculture, Morogoro P.O. Box 3073, Tanzania
“Department of Biology, Mekelle University, Mekelle
P.O. Box 231, Ethiopia
® Natural Resources Institute, University of Greenwich, Chatham
Maritime ME4 4TB, UK
®Department of Animal, Aquaculture and Range Sciences, Sokoine
University of Agriculture,

Morogoro P.O. Box 3004, Tanzania
7 Institute of Mountain Research and Development, Mekelle
University, Mekelle P.O. Box 3102, Ethiopia
8Department of Wildlife, Fish and Environmental Studies, Swedish
University of Agricultural Sciences,

901 83 Umea, Sweden
*Correspondence: genishb0747@gmail.com; Tel.:+255-710-421-237



54

.biology oy
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ations on Tanzania’s Second est Mountain

FAAA0, Rhodes M. Makundi 7, Abdul A S. Katakweba ', Steven R Belmain *0,
Charles M. Lyimo *7 s0d Yonas Meheretu 4740

Vlﬂedgd
Genet 8.

-

O Catmogiven C B
Mt EI Lt A AN
L SETL U

ceenlitenn 8 He | el | com——
Aot KL WY e S /)

= P
g —~d L

. h-(—dt-‘-h—anl-.-h-“
S L PO B 3R Ta

o A re

i of Tt M e o Agriouine, Vs G Bum 7130, Tansant
b Dwper o Wikiiity & S | oty Mowogees P B 3075 L
¢ Wiw“l‘n“mhm
" iy o G R MEsd Ux
* Iy o Al A Mt et g o S L EL
wmh*w
Seoe o 4 = - v R A e Mt PO Ros ML D
¥ Dvpuramet of Wilihe Thb sl B Sedien Sndinds | A
A Uewn. Sl
* Conmy - TN I
Nemple - e of small s 3 e ccowy e e et Lo d b oo sl

e wlddbibe W ades e budes crpanisems Baat enbldent e bvades, wocalled Cpateits Arthngest
SO s are 4 D et e adapiend R of v eThteates Duat Wi om e Tusdy sataes
of thest Nowts, typically versebestes bt tasely other imvertebrates. Eotoparasites sach a4 fiees arad

———_— e are o y and el g * L d with e
o & Thee stindy & o facrors infl & oty :

--.-a-.-_-u—u-.-d~ vt popd h and s
Mant e, apucinn, Pttt oy ] -t
mﬂaq«bﬁv“h—" v g o ond atand »
Dot i Ngher Semaies Wunshd by e S d comtact b B Wdiads
Howervee wmperatonm, ot howt devmty. athmind <oy et i Sancw ey
ecrrmse with rievatem, § et Bl werr bowwr ot bugher elevaton,

Paghdighiing thar oot condatnoms ot higher cher stumn kit igeodution and develapment - Ou
hiores St Sughes ches stion s wow den] b Commery st

Abstract: Clurate Changs Commn copanmma. i huding spwoies that act se parseite mserviun snd
verrs, W sl B dustribs o righeer Altmuden, affecting wildide wdestation patterne. We

died home ecthoparsaie dietrity vared with dtitade waing feo et speces, Mot
debr vem wnd FKiedomys 400 T o) Silbemred cies staes (150 V0 mi The mooperesstes srdeting
B v tendent sgwrws wenr influrrued by e ot e spes and wesperature e eygweotnd o

Servity % prodit 1 [} b Pty in haghet derwiters showald have meer
r e W d comtnct Iy divadnele 1 g mh-d-;.
e dnard: Sonce 3 wrth chey

d“--hwd*mm&-hd‘-h-d*

o Tt gl ool e vy Wus wdurms that higher chers stnm mews o sdead
o The rodests sod exvop eoes descrited in thes stady heve heen rrponed
- vevsors of ot elacal wed ¥ AU

Mot Merst e 2 sefugr for 2 sumber of ovvh d“ ‘”.“IINHIAM
he patantic tndection G shee e an addstonal rvk 10 these ol speoies as well o baodvereny
o prretal Thendome e vhaly bivs B gronesdword by Aitirr willie diemse et villor s sl

ot Y Ummmeryation mansgemnent actiors. The stindy o 2 previously snchatactetiond mae

bl

e

Mgy BUTA 12, W0 b/ £ dhon g/ ML A Dy | TR

e/ Ferwr mmdph cven, el (inkagy




ity 2828 12 W4

55

et 1y

species in the Mescotigmata group that was previowsly known to be a parasite of honeybees. Farther
investigations may shod laght irto the role of fhis mite species on Mount Meru,

Keywards AL s ol Riwridosays dilecton; Varvas nite, PCR; floss: Mostnt Meru
1. Inteoduction
The Interaction of small ks I the ecosystien 1s not limited 10 hamans and other

wildlife; it also includes prganisms that inhibit thesr bodies, so-called “parasites™ This
implies that the host serves as a habitat for the parasite, providing it with food, space to
hwmmwummuﬁmaecwum
of the host [1.2]. Arthrop ites are a di and well-adapted group of
mmmmmw mdmbmdrthm
the body surfaces of their hosts, particul rtels |2). Some arth d
mnl-oknn-mhpmmm For instance, the Varma spp Nautwnm

m}hnmmdmlk‘l mmmmwm
on their ti ing d ihﬂmdﬁmmmdm-d
lifeth ing ds As an e, plague is a flea-b

MMMW’MM wnmmmtmu
Parasite infections impair host fitness, because the development of antiparasitic defenses

wmuwmmmmmummm
ummtable. However, the risk of parasitic infection trarsenission varies with the movement
and dspersal behavior of the host species actoss a landscape, which may alter their parasite
Mnﬂmmud«mim
‘DtdL_" dom of p % ad is en, due 1o host- and
4 ch stics and envi l £ Mnﬂadhnnya-n.d
-aupﬂillybmllhl Host-related factors include. but are not limited to, age,
body size, sex, and breeding status [17], l’mdhknclmynfyhﬂwuulpm
Adults provide greater dietary for p than j iles |10,19), and have
a prolonged period of exposure to parasites. Additionally. parasitism may be sex-biased,
with males being more heavily parasitized than females, which could be due to their
larger body sizes |20], as well as their grester mobility and social contact patterns [21] in
males. Parasite infection is also often higher in breeding individuals than in non-breeding
individuals becouse reproduction is linked with incressed body contact. food acquaisition
mmmwmmwumnm,mm
d vulnerability o parasites [21]. However, other factors, including reduced mobility
dmhdwhgmwmhnhmdpwﬁb.mmhmkd
iten | 23],
Pmmm«dydepu\dulwmhubmnbomhvnbkmw
conditions for transmisson and infestation. Envi tal factors that have an important
regulating role in the distribution and devel 1 of parasites in mammals
M&m&mltlwl.’-.&uﬂml ...!ll Patasite distribu-
tions are anticipated to shift northwand and to higher altitudes, as 8 result of climate
change [29]. In fact, rising temy sated with climate change are increasing
patasite aburvdance over time | 3-71], These dastribution changes may load 10 new host—
parasite encounters, forving host populations to deal with parasites with which they have
not co-evolved, which could eventually result in local host popudation extinctions [34)
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hxm”'ur&aw background for stdying how
Spechen varies acrons climatc 191 Altudingl gradients reflect
substantial changes In precipitation, humaday. and vegrtabion, with

of vegarstams [ 16] These variations have boen demonstrated 1o atfect taunal distribution
acroms diflesent altitudes in difforent geographic reglons worldwide [ =41} For exampie,
senall mammabe’ distribution along vhey aton has been extvmsively studied thinughout the
workd, and often shows 3 hump-shaped distribution patteen i which species richness
and abvncance peak at the msd-kevel elevations where the conditions ane not 1o estome
(e, hot or cold) [17=31]. Studies indicate that the spatial und numerical distribution of
the host population determines the distribution patterns of their parasites [ O] Thae,
homts i high demmities contain & greater parasite load than hosts in low densities, becatise
Of the INCvasad OOt between iIndividualy, Making COntAgIOws Parisete LEANTm s on
wasder [A247] Accondingly, we hypothessed that ectoparasite distributions follow the
datribution patherns of their hosts, cctoparasites should peak at the mad-clevation. Yet, the
SN TOgARSINg paTasie diatribution slong elev atonal s still being debaned.
O the other hand, the numbser of foather muites i bords [41] and Bens in rodents [45] has
Been dhown to decline as oles ke Incrvanes.

This stindy determsined the distribution of arthropod ectoparmites on the East African

a vingle specion, Riubdomys pumidie Howevor haryotype and stDNA evidence siggedts
that it inchades a d Rivisdomrys difioctin, whvich bs found all over Africs [4)
M defecternm b the only member of the gemes Moniermys within the family Muridae It
Wt formerty cmsifies in the genus Praosigs (1, Pravgs defectorum), and wis ncently
tonoesically revised [£7] M. defoctorien s an endemic mamemal to the East Afrscan
Hiaghlandds. 1t s & thrvahened spocies theoughout its range due i habisat kons, and ity ILCN
conmeryation stutus s uncertain [#5] We examined which tnaits of the howt sex, species,
a—q)ummmwwum
ard aburd, of artheopod o

p-mdy-mm‘- mmwhwum
distribution follows the distribution petterns of their host. The distribution pattern of
roderts and shrvws on Mount Mery in greater at infermediate elevation hevels [ Y000 | herer,
1 host dermity precicts the of the ectoparasites, we partcularly expected radent
individuals at the midkile eley stins to suffer a high risk of being infestedd. Furthermone,
the two rodent species have been identified an hosts of octopurasites, indluding as potential
vechirs and peservaores of [9] Glven the 65 increase in acorotic outbreaks in
Alrica over the past decade recognizing the patterns of parasite distribution among
wikdlife hosts s of muagor inportance. Owr stisdy contributes 10 2 better understanding
of the exology of hest-ectopasssite reletioenhips along elevational gradionts, which s
important not anly tor ientifying pobmtial extoparasie vestme, but also lur Jesigng and
husnan health. - -

2 Materials and Methods
21, Stindy Avew and Trapprimg Sétes

AU Men b b 4 im northesstorn Tanzania of 3716 and 385", sbout
25 ki northenst of the lown of Arusha (Figure 1). The topography rises from the Momela
Lakios, lying at 100 m above ses fevel. 1o the sumenit ot 456 m. The rakoy somon exhends
froen November to May with relatively kower rain in January and February June through
October s characteriavd as the dry and cold season. Anmeal wmpeeatures
ramge betwwwn 15 7C and M C [51] Dietadls of the vegretation types of the sites from: which
the redents wene rapped are outlined in Gebeesgiher et al. [ 7] and Busamann [2], and alt
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trapping locations were within Arusha National Park (Figure 1) The study was conducted
between February 2020 and June 2022 The sampling sifes were across five shevations from
1500 to 3500 m as follows

)]

)

o

L)}

(5

Elevation 1500 m (Y 120,766 S, 36° 5250 076" By This trapping site was located
at the base of Mount Meru, and vegetation cover ranges from grassland, thicket,
and bushland to woeodland Lmu!'uma devapetalu, Croton wacrostachyms, Jacrnmuba
fill, Oxitrasm gl fracamumy, Acrent hoswedi, Listtona frififhets, and
I\mﬂ prasses are among the notable plant species. Patches of Acacia troes are
also prevalent
Elevation 2000 m (314730 102" 5, 3 49 15528 E)—=This site was sttuated in o lower
montane lorest, with a derse canopy of trees of varous specis, including Diowpynm
wbyasinnicn, Clew hochutetbers, Rivam prinoddes, and Ficws thommingd
Elovation 2500 m (3° 147 32 892" 8, 36" 47" 25644 E)sThis site was In the upper
monbatw forest dominated by Juripenm procend and Podocergies gracilior, Herbacoous
plants, varsoos e, and shirabs formod o thick undemstory, and the trees wery often
covered with epiphytes,
Elavation 2950 m (3°1V2K 724" §, 36°47'7 7027 ¥) =This site was characterized an
a transitional zooe between habnnl\ of higher montane forest and ericaceaus heath
Elevation 3500 m (3 1V6,192" S, M"46/24. 042" Ey=This highest trapping site was
located in the ericaceous heathland habitats dominated by Erica spp

Edevation (m)
“1uw

L1801
| RETET
B 10— 4w
R 40— o0
| RIS

R 600 & ahore

Figure 1 Ceographic kacations of trapping sites on Mount Meru
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22 Rosdenid Trappong

Sherman s a foldable metal trap designed 10 capture live anbmals, Four trap e
were establisbied at o distince of 30 10 50 m, each with 50 traps separated by 10 m, Sites

rived sy diys of trapping with a total of 200 traps. Al iraps were oquipped with bait
(peanut butter mixed with maize flour and avocado) and placed in the shade 10 avoid being
100 hot. Traps were inspectad and re-baited (Le, U the balt was found eaten by imects)
every murming between (700 and 0800 W Each Sherman trap that captured an animal
was replaced with a new one (Le,, previously washed), Each individual trapped rodent
was fiest placed in a cotton bag and humanely anesthetized using diethy! ether (LOBA
CHEMIEPVT. LTD) on cotton wool, then placed in 4 bucket with a bid, Standard external
body messurements (body, tail, hindioot, and left ear), sex, and welight of the

hosts were moorded sdantification followed Happold and Kingdon [V, and
sex ddentification followed Hoffmann et al [S4). The rodent spocies identification was
firmed wsing modecubar (Cytochrome b) technigues,

2.3 Feroparmeite Calloction andf ldrsficarion

The ectoparasites were combed out of the rodenits, using o senall shoe-dike brush, into
 chean, wide, and long aluminum pan. A different bruash was used for each host individusl
1o makeo s ectoparssites were not sproad from one 1o another through sharing a brush.
m-mmpmawmm.-mwmmwwmw

i llected with fine brashes, and each hont was separately
mmmmmwmqwmmmww
Kenya) containing 70% ethanol. Each ectoparasite was identified morphologically using
omnpwmm with the aid of avadlable dichotomaons taxonomic WIW\”]

were doved lor the microscoph thon ol 58,9}
memﬂymmdem%nmw and viewed
under a comp to be clearly visibile,

wummwbmmmmmMM.nnm
solution, boitked for 10 min for feas, and maintained for 24 b for mise specimens. The
alkaline solution was neutralized with 10% scetic acid for X min After dehydrating
the specimens using o serses of ethancl washes (7%, 80%, and 100%), each for 1k, they
weere transferred 1o clove oll avernight W rehydrate prior to mounting. Dibutyl phthalase
WM)WUMNMWMWMAMMINI
The flon and mite spocies identification was further confirmed using molecudar fechnigues

24 Modecubar Mevedificution of Floe and Miles

DINA wan extracted from the whake body of individual floas (16 samples) and mites
Mwh)“h@nd-ﬂ“A"Wﬂu-ﬂuZy—wmmmh
The purity and concentration of the DNA was determined
m.mmnwmmmmm

Tosdennify the floas, the cytochmomo coddase sabsinit 1 (cos2) gene was amplified using
the following primer seq forwand primer (FsLew TCTAATATGOGCAGATTAGTOC)
and reverse primer (R-Lys GAGACCAGTACTTGCTTTCAGTCATC) (6], TR amplifics-
tion waw performyed wsing Accul'ower® PCR PreMix from Bioneer (Bioawer Corporation,

Republic of Konea). The PCR reaction misture for the floas consisted of 2yl of

temmplate DNA, 08 b of forwand primes, 0.5 ul. of reverse primer, and 17 sl of nuckesse
frew wirtor in a micr-tubse containing Acoufower™ PCR ProMis concemtrate, making a total
reaction yolume of M) gL, Cycling conditions comisted of an initial denaturation st 95 °C
for S min followed by 40 cycles of N *C for 40 8, 56 °C for 455, and 72 °C for 45 x. A final
extenmlon ot 72 °C for § min was performed to complete the extension

For the mites, the cytochmome onxidase subunit | (conl) gene was amplified using
primer seyuences as follows: forward primer (coxd-F GTTTTGGGAT AYCTCTU\TACI
and severso pramer (coxl-R GAGCAACAACATAATAAGTAT) [61] A total of 20 ul. of
PCR maction missure consistod of 2 ul. of extrcted DNA, 1yl of forward primes, 1wl of




Fitogy 3TV, 12, 9

59

ey

reverse primes. and 1oul of nuclease-free water in & micro-tube containing Acculower®
PCR PreMix concentrate. Cycling conditions consisted of initial denaturation at 95 “C for
5 min followed by 40 cycles of 95 °C for 40 5, 47 °C for 40 », and 72 °C for 3 5. A final
exsension at 72 °C for 5 min was performed 1o compiete the evdension.

Ownoe the FCR roaction was carmied out, 4 1.5% agarose gel was propared by dissolving
15 g of agarose into 100 mL of sodium borate buffer and heated unts] the agarose had
dissolved completely, and was stained with 4 4l of EZ-Vision® In-Gel Solution. A volume
of 4 L of each sample was loaded into cach well of the gel, and 4 ul. of DNA ladder was
loaded into the first well in onder 0 indicate the size of any fragments. The voltage was set o
100 V, and electrophoresis was allowed 1o run for 80 min. The lmage of the DNA fragments
(2-3 per species) and four for mites, were sequenced at Macrogen Europe (Amsterdam,
The Netherlands). mmwm«ummuw“
Geneious Prime venson N22 1.1 software [67] to abtan g ined
nucieotide sequences were aligned with other e neds Mh
uwmAmwww-uwmu
rubustness of 1000 bootstraps, using the 192/ +G+1 substitution moded with an AICe value
of 500813 unplemented in MEGA 11 [43]. Four nudeotide soquences for miles (accession
number: OF776142, OF79S020. OF798121, and OP7RS022) and five for fleas (accession
number: OPS57545, OPS57546, OPS57547, OPESTS4S, and OPSS7549) were submitted 10
the GenBank.

25 Data Analysss

Quantitative of the ectoparasite species on each host species were cal-
culated in accordance with |44}, P—Trevalence (proportion of infested host individuals)
was estimated ustng the formula (P = Re/Rt * 100%), whese Re = number of individual

examined hosts. D—Ecological index of domin was d usang the formuls
D=E/Er* mma:mdmd.mmmm
the rodents and Ft = total ber of collected from the rodents; it

nhmum.mhmmmmmunw
community. MA—Mean Abwndance of the ectoparasites was estimated using the formula
(MA = Ea/Hi1), where Ea = number of ectoparasites of 2 given species cullected froen the

rodent species, and Hi = total numsber of hosts ined for that particular parasite species.
Statestics are presented as mean + SE with bias corrections.
\\&qbydu.lqﬂzu{ 2 deds 10 & ine the effects of the independent

riabh elevati Mnhﬂwﬂndhﬂd@ﬂy)mbw
riabl s {prevalence and abundance). Because of the small sample
-xvhdan-dhd--’o toparasite or low rodent host at some of the sites,
muumauwmmmwumwm
2 result, no species-specific d odels were fitted. To avoid bias due
b&-ﬂh:—l&d&.wm&dﬁd&m-:&mxbmuu-h
regrossion model. Host density was doscribod as the h d- per trap and
per night, 25 described in Stanko ot al. [(5]. The distributi abundance is
Mwmmmmmmmmuaﬂy.&umm
pﬂh&mﬂmanmmhhd&l«%hbmhﬁm
and bias due to excess zevo, flated negative binamial (ZINB) regresson
Mwﬂuhlﬂmb“h“m”mm&w
41.2% of the howt populstion had no ectoparasites present, we, theredore, used genevalired
linear models with a binomial distribution (infested or not infested) linked to a logit
function, A host infested at least by one ectoparasite was ropresented by “1." and the
host not infested was aey 4 by “0." The probability of being infested was referned fo
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was sebected on the basis of Akaike’s information criterion corrected
hmlmﬁﬂnb\l(ulﬁﬂ The model with a ower AAICE value was sebocted o
A bostofit model. The estitnates for the fitting model is presentod as
msaummmnMMAMMmu

not significant. The "Imed” and “pect” packages in R ver 422 [65] were used for bingemial
and ZINB models, nespectively

A Results
11, Marphological ad Malecubar Identifioatsm Reswlts of Fle and Mites

Samples of mounted vouchens of fled and mite specios ate provided in Figure Jab,
BLAST search tesslts tevealed thrve ectoparasste speches: Crempbithadmus celooatio oibirus
(0= 3), Dimogwylis elinbiss (1 = 2, and Varmw rindererd (0 = 4). The comparison of C. calomatus
onbrs in our study with sequences obtained from Lommisomms sfriatin from Rwanda
(MHIA2Z.1) revealed 951997 89% identity of simsilarity in the BLAST. The phylogenetic
tree for Dean (Frgure SA) was rooted using Tumgs frimemiliote as the wpecies.
C amloontion cubiras (OPSST5E7, OPRSTSIS and OPASTSIV) of this stody shared different
linesges with the reference (MHT42447 1) obtained from CGenllank. The percent BLAST sim-
ilarity between D pllidvur (OPSETS45 and OPS57546) sequences in our study and the closest
madch in the GenBlank (EUSIS99T1) wis 95755 The two D, sl seqquences were chus-
MWNWMW&UD eflodvns from the references (EU3I591 1),
The flea, Xempeydhe choopti q d by there were not enough samples
mwwnmwmw On the other hand, the
mile speches sdentification tesult in this study was ambiguous; it wan identifed morpho.

logically as a Lackips species (Mesostigmata). H , he Con ] gene sequence resilis
of all four mite samples (OP776142, OP798020, OP7SR021, and OP798022) provided the
highest-scoring BLAST hit 10 & seq Trom fhe sp V. rimderery {Onder Mesostigmatia)

in the GenBank (AFIZ261.2), with an KL.24% identity of ssmilarity. Morphologically, Lackys
possews a flask-shaped vontral genital shivld that is distinct from the stermal plate, wheroas
hhmhphdd\kﬂhlup mmwuwmm-nw
with the sternal plate. M dal shields are greatly enlarged and broadly tnangular in
mummmnwmmmwmmmm
(Frgure 1) was rooted using Lackys as the out-group. The V. rinderert sequences in this
study share different lineages with V. sinderer! from the reference sequences (AF107261 2).

12, Quantitatror Descriptors of Lctoparasite Infestation
A total of 398 rod (338 of Mo dedestoriom and &3 of Kiaidoms dilestun) wene
examined for flea and mite infestation (Table 1), Overall, a otal of 266 mites and 59 fios indi-
viduals were rocovered from the two host rodents. About 5% of the howts (234 /198) wene
Infestod by at least one ectoparasite, Probabilites of ectoparmite infestation of 63% and 37%
were obwervisd in M. deloctornm and R, dilocties, respectively. In M. dolectorum, 95% males
and 41% females were infestod, whereas in K difctis, $8.3% males and 3% females wore
parasitized by at least one ectopatasite (Figure 4a). The mites were recorded most fre-
quently, accounting for K185% of the total ectoparasite ecological Index of dominance, and
mnnmdhmmnwumahhvm
was the most abindant flea species, accounting for 7.11% of the total
mmmn.mnmcumuxsmu.mnuzmm
whereas an K dilectin, there were 3 & 15 fleas and 116 4 717 mites (Figure dbc). R diloctur
wan parasitized by all the flea and mite species, whenoss M defoctorm was infested by
. elfobis and mites only. In both rodent speches, the mite and D, efiobias contributed the
most o the overall parasite indestation (Flgure 5). The prevalence of ecloparasites declined
MMMHMMMMhWMum»mM
the low prevalence at 1500 m (Table 1) was due to the smabler sample size of
mdrmhuban\n\l M. dedectorsnt (n = 2) and R dilectus (0= 4). The flen X oy
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wirs recorded only at 1500 m on K iilactis, whetoas the other ectoparssiie species were
found at multiple elevations (Table 1),

Figar 2, (o) Mountod vouchors of flea specses: F1INmpmullin eflidvies thomale, o ap thy
P2<Coemphthafmus onloontas cabvrms (ront part. e—genal cenidio with three spises, #—ronatal
cteridink F3—Xenmpsylin chagon (males h—clusper) Fo—Ihaguptlin offobvion (male, b—clasper)
PR Dinopwuline ellodins (front part, e ool chenibia, o —genal censdla) Fo— Xenpsullo gy
Conabes bvoclasper), () Ventral view of Lot mite (L) and Vermae mie (V) 1], Varm (V) Stemal plase
(op1) Fused with genstal shiebd (ga); genital shield is large with lateral deep and argular projections.
anwtupodal slields (mpe) groatly enlarged and broadly triangulae  Lasbps (L) Genital shield is
ishesbunpod and distinctive from the sheenal plate. Bl moites possess ooe post unal sotie In thw
woal plate (ap).

2 oo Cieoaphthainus cokass cablus OPESTS4R
5 e Clanophihninus colcestus cabirus OPESTS40

10 Comnaphttmus calcestus cabirus OPESTST

8 Cranophihaims calcestus cabis MH14244T 1

Noscotylus fasciatus MGA17290 1

e Dinpsyfs elobis EUIISH03 1

W Dicgsylus elbdus OPBSTSS

1L Dincpapius eibbus OPESTEE

Tunga inmamiat AFS51751 1

Figure ) Cont
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Baalagy 2009, 17 W Sof 1%
— Varroa ninderen OP708021
8 0
3 ~————— Varroa nnderen OPT70142
o ————————— Vara nndersn OP708020
Varros rindereri 0P798022
Varroa rinderen AF107261.2
Laelags nuttalli OL810027 1
Figure 3. Phylogenetic troe for feas (A) and arstes (B) using cox and conl genes, napectively.
The evedutionary bistor was infrrmed using the massmum iefibood method with bootstrag teste
(1000 pb The p tage of troes in which the sssociated tiva clustered together is shown
mbhwmmm-‘m"hwﬁwﬁnﬂ,-
well 2 other neference sequences from Cenllank. Tiops and Larfgw wene wsed e outgroup speces
for fless and mites, respectively.
Table 1. Flea and mute species infecting M. davctorum snd & difectus at different elevation 200es on
Mount Meru. N andd n ane the bers of houts ined and infested. respectively. Count and
oean sbundance of the fleas and mites are provided (s brackets.
Homt 1500 m 2000 m 2500 m /50 m 3500 m Totsl
(Infested Ectoparasite Taxa Nab Namy Ne2m Ne®™ Ne¥ Naws
Examined) n=) mesr n= 0 n=dy n=1s n=l2M
Xempwaiia chpe 0 0 o 0 0 0
o o mﬁl& 0 028 o021 PO " “
m'I!B’.. Lepat " 0 o o 0 n 0
0 52067 12uned} 240 36) s o
0 T4 95) (L ke l] 240841 10 =
Kempwglia chmpes 0053 o 0 o o 2
Doeyvyllie el 0 0 2040 5019 0 ?
[t L ° ° 1o2m 401%) V.8 .
x)/eN : o T 18 {083y :

T3
51353 36 T 19056}

Ovwrall ectoparisites.
(MA + S8 Dlez0l0 AMNLOIT 0192R12 Ols 008 Q1200

MA = wan sburchancs
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Flea mean abundance

¥ 8 8 £ 8 38 38 8

Prevalence (fleas and mites)

e
<

o

M. delectorum

M. delectorum R. dilectus

® Male
W Female

R. dilectus

(c}

Mite mean abundance

10 lll
a

M. delectorum R. dilectus

Figere 4 Ectopacasite infestation on M. ddatorsm and R Sntwr (a) peevalence (%) betwern host
wonan, (b) Bus s dvanduncy with SE bus: Ic) sty s sbesdasce with SE bas

Table 2. Flew and swie miestation probaislity (WP and scolopeal domsinanor mdes (N5 o
M st and R flectes voderes

Ectopacaate Taxa -~r D
Nrmyprels vy L 3 ol
Ormeyeaan rfite 71 1508
Crmypmhseres 2wt (aheo *+e 1L
Over ol feme a2 L3 53
ALE N SIS
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Proportion of infested hosts

08

07

06

0s

o4

03

02

01

Ectoparasite speces
. C cacedtus cadeus
B o svotin

B e

B x owws

R. dilectus

M. deiectorum

Figure 8. Relative comtribvutions of flea and mitte speces mfesting M. defestorim and R didsties om
Mt Mors, Tansania

2000 m

2500 m
Elevation

o M. delectorum
u R dilectus

2950 m 3500 m

Figume 8. Fctopacavite prevalence of M delactornm and K. délactis in relation to dlevation on

Mousit Meru
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AL A of i Influcncong Lctopesastte Ovewrmncy

The mesults of the study show that host species, sex, and temperatuse best prodict
wctoparastie prevalonoe and mean abundance (Tabsdes 3, ST and S M. defectotum had
# higher provalenoe (122 £ 0.50) than K dilectus, and mmade individuals had » grester
prevalence (1% + 0.2%) than female individuaks. Somilarly, the parasites” mean sbundance
s greater in M Selectorum (.42 = 0.14) and in males (1093 £ 012)

Tabde L. Sammacy of best model Sencriing the extoy stvund. e anflaned negative
Berwwrnal) anel poes sbewn v O d and logrthmd by 1 if e ademrte AT A orem mnd B A tun
o0 Mount Mera, 1a For categomical varables, the relemncr level s mponiad in penenth
Vertabien Totimate L »hio - oL
Prevalence
Hont specien M) (-] o o n
ot sen M) 1% o ow vy
Tompesatum (°C) e a1 0> AR
Alundence
[erp——) (T o 0 (T
Howt e (M) aw a on -

Q) w0 om Lis o

- - o™y - -y

4 Discusslon

This stundy imrvestigatesd the distribation of arthrognad ectoparasiies on Khahdomogs £idn -
fur (s fourstriped grass rat) and Montemur drdntorem (Lt African soft-furmnd moue),
which are the two most sbandant species, with & wide range of Strituation on Mot
Mers | 99,40 ] Mot Meru has expetioncod habitat disturbances doe 10 2 fite outbresk in
the ericaccous habitats. deforestation. mad construction along the Natsonal Park. and ecor
Wouariam activithes inchuding clearing of kand T vebicle parkang and camping. Moreover, tw
Aegradation of hatviaty by busmuan acttvitios, inclading farming and grazing. has istenmtfed
in the last docaden, particularly st the base of the mountain [51] The habitat degradation
i emperstune incroeses doc 10 dimate change have boon mponied 10 couse an upwand
shift in the distritnstion of rdent and shevw s inchiading envdemic and throstened
species on the TUON Red Lint [ W] However, patasites can abwo be 2 danger 1o thenstened
wpecies bocane mamy threatened mammal populations are fragmented and small, and have
Jow beveds of gemetic diversity [70.71] These condithons o enhuece host sesceptiaility
and exposusy to pasasiiic infections |72 motrover, patasitic indections could be another
factor that contributes te an increased probability of stochastic extinction [71,7 4] Therdon,
the patmsite bunden observed in this study, especially for the endemic M Sdictiram (with
Rt on e s wore i o i i e ot

on Mount Mera were infostod mome with mites than fleas, consstent with
previous studies chsewivon [T575] In contrast, despite the fact that fews are the most
dommanant group of ectopatasites for small masmemals [77] we collecsed fat Sewer fleas than
mites. The mwst lkely explanation i that fleas spend more time in the nests of their hodt
than on thetr bodies, Jowering the Tihelihood of their collection [77] Momover, the fact
that mites are mose host generalists than fless [75] may have abwo contributed 1 thelr
greater abundance

The mites i this stindy wore slentifind ae Laclaps spocses, uming morphologios] cses.

n the Mewstigmata groop. hhudnw.“hﬁhﬁynh
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molecular identification of rodent mites in Tanzania. Thus, the quite limited sequenced
data for Mesostigmata mues and fleas from Ta ilable in GenBank made it difficult
o comgprane our DINA sequernce, Wee only sequenced small samples to confiem the species,
thus, further study using different "tanget geres” hnt«ldbmoiwkwkydh
mite speces identification, und o detall the molecuk: istics of the ectop
Fimally, it might abso be worth questioning: “Can the same mite species parasitize rodents
and baneybews

While there s mtach bo be | d. our study provided an overview of the key
factors that determine the distribution of ectoparasites on the two rdent species; host
cies, sex, and temp are peedictis dables . Hloat sacies tnfh

I and te abund, muunhmmm—mw
MWMM(M the capacity of the host to reduce parasite establishment)
and ok {Le, the comp dum»m.mmwmw
fittwess while under infestation) [50). M the § fon of the animal may be
Whﬂmmm-hcﬂrdwdhwsmmm

fence and abund, P on M. dek than on R dilevtis may partly
umwmwnamum u".lllmvm parasites to penetrate easily.
However, the gr +h s i y (foair specien) in K difechim could be
dnelnhutdpd. Mmzduo(hmhﬁ.whﬁdlmuha-ﬂy&mw
n-«hpa-imomspmbmhwmbmhwndwbwmm

r

Though it may depend on the host taxon, this can support previos findings that
mmm-&:ﬂumuhmmmuu Moreover, our
study showed that sex was % the preds of ech e Jouied, weith the bunden

dmmmmmmm ﬁmﬂ-rﬁndmpmw previous
studies on different taxa: rodents (5207, geckon (Quadenfefdbie trachrpiiephune) [54], and
grey squirrel species [25]. Dafferent factors may contribute to these sex-based vanations.
Wﬂmmwml&lm&aw&wdd&shm

and can thus support a gr of p [5755) b adddition, male hosts often
have higher emengetic requirements, necessitating distances travelled in the quest of
food. g their 15 ectoparasites (). Furth due to the
physsological difh * Neiabes ik Samidhiog the pPressive properti
dmudbmhhndy’s ity ing a sub ial decline in male
Enrviene Fitness (]
NMMMMMM&MhhMMNMM
i cue o the sdea that hosts in high dersities should more p
hosts in Jow densities b of the i i bety WR.[IM

we did not see the influence of bost density m this study, and it was not a predictor variable
i the parisite distribution, which was in line with the fndings of Singleton [91], which

type may determine the distrib of the p £ 3

Itis '] d that el mﬂ}. " d ibuti H or
MMMMM&&MMM&A P 91 The correl ‘cm’-
ronmentil vietfables that change rapadly over short di and mmad the
P of abuirwd -d““‘.vﬂml*?.‘.‘ﬂl(knnﬁyhmmmdmgepm
dictoe with i ing elevation b linear ds in femp ludlonnndy-hmnd
Mwnpdanﬂyﬂmdh of g the

idea that temperature is considered bhhm%lwmm
distribution of speces [2497] The lower ectopatasite prevalence and mesn abundance st
3500 m, in the site where o daily minimum temperatune wis 2,746 “C. implies that the

cold conditions of the highlands impose thy gulatory constraints on ectoparasites,
and have a direct effect on their physiology and survival rate. This justifies the fact that
as temperature is inversely linked to elevation; at lower ele

m&mlnwﬂmmhmh'wmnhwmm
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Another rosson for the lower infestation at higher vlevations woukl be due 10 the cold
weather. there & hess movenvent of the honts. henoe reduced comtact with other individuals
and a lower probability of being infiested. Though our study & not speciesspecific, the
findings do cormoborate prioe stadies of parasitic mites on Beards [“4]. feather mites on
binds [44) and Sess on rodents [45]

Discase ecobogiats and conservation beologists angue that parasites aw increasing in
abundance theough time [11] Parasite outhreaks are prodicted 1o be a resalt of habitat
Mwm-ﬂqu-hhnt‘mm
ous studses provided evh that A4 Meru has sh in mean

rticularly in the last & -ounn.v'cn-m-—n--um
mumﬂlﬁlﬁqm&amtxpﬁ-bmbm
theough nme. However, for the vast magonity of wildlife parasite species, the hypothesis
that parasites are ) % in abwaral. over time dees entively unteshed [11] Owr
shudy may provide historscsl data as a baseline agatrat which W compare contemporary
burdens over time
s_aum-‘mwuummmw
s having medical and ¥ [49). The fleas, X. chenper, C. cnlonstae, and
m".hu-nnm*mmdmm:m
2o have bevn d from tved im plague outbrvaks [£1] Bubonic plague
5 a rodent-borme infiectiows desease caused by the bacterium Yersom pestis It atfects both
humans and antmals, and & primanly transmitiod by flea bises that jump from rodents 0
mmbmcm»umw-.u—-um
in Rwands [«]. Baroneliosis ks another ok d by Cram-negative
bacterta tn the genus Rortonedle 1t affects both humans ansd wikd and domestic ankmals, and
s spooad 10 hamans by fleas or contact with Ses-infested animals [V7] Moreovee, some
mites, suich as Lackips spp., ane vextons for 200moses such 2 Q fever and rickettsialpox W8],
and Chaggger mities for sorub typhas [99] Moscover, the mite, Viernse destracior, bs & vector of
the deformed wing virus (DWV), a bee-pathogeric ENA vires that causes honeybee (Apis
meilifers) collony lomes workiwide 6] Therefore, more sesesnch on 2oomatic
s newdded o ascertain the risk of soonosis. Mount Merys s the centerplece of the Arusha
National Fark, and s 2 popular ecotoursm destinstion. 1t 1 home 10 diverse endemic and
threatened species. Mount Meru attracts 3 lange rumber of tourats and chers, due o
its rich odiversity and aumernsus tradls foe nature enthusimes to explore. On the other
hand, animals in the park iInteract with these parties, who in turm ane likely 1o intenict with
enter human dwellings, coming o dieect or indisect contact with people and livestock
along the edige of the park. All of these interactions incrase ihe likelihood of anthroponatic
and 20000tk pathogen transimimion, alering the thoat of disease to both animals and
m—lmumwu heractions i the imp of surveillance for
be 4. Given the 65% mcresse in soonotic outbresio in
Atrica over the st decade [ ], necognizing the pattems of parasite distnbution ameng
umm-dmwmmm-ummu

the ecology of host-ectoparasite rel P alung ek Frads this is imp
= this regiom, not ondy for identifying potential ectoparasite vectons, but abso for desigrang
and yector-borme management programes for wikiiide conmeryation

and hurman health. Morvover, oo information is availlable soganding the role of arthropod

ectoparasites in the transnission of zeonotic infectious agents. This study may luy the
Mhmmmmmw&”m
pathogems on Mount Meru.

5 Conclusions

The el ational dintribution of evtoparasites infewting Mooy deie torum aned Rl
dowgs dilectin was imfluonced by the host trakts (species and sex), In combination with
envieonmental facties such as temperature. The hont sex and species inflienced the preva-
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lence and abundances of ectopurasites, such that it was higher for males than females and
for M. delectorim than R dileches. Our findings did not support ous hypothests that host den-
ity predicts the prevalence and abundances of ectoparssites in the two rodent species, but

rather that lemperature was the best predictor. Since decrvaso with elevation,
and mean abundance wene lower st higher elevations, highlighting the
idea that cold conditions at higher elovations limit repeod and

shows higher elevation somes are ideal for conservation. This may have an impact i light
of chimate change, since organtsms shift thetr distribution lowards higher altitudes. This
wumwwm-mmummmu
livestock mdestation putterms. Furthenmone, the rodents und ectog described
h“uyﬁhwhquﬂbhvmd“dmﬂmb
itating prec M. Meru is & nefuge for o number of
WMWWGhmHmhwmmbh
an additional risk to these critical »p and blodiversity in general. Thenefore, our study
mumumma—emumm
management plana. In addition, the flea and mite species identification using cytochmome
oxidase geres in this study st least partly helps to fill the scarcity of sequence data for
ectoparasites of Afncan rodents in Genflank. We found 2 previoosly uncharacteriaed mite
species in the Mesostigmata group that was previously known to be s parasite of honeybees.
Further investigations may shed light inte the role of this mite species on Mount Meru.

Sapplementary Materiabs The follow in, " be doserdoudind a hetps /v
mtm,muusm,w&mmnm s, I*Sl AlCe models for ecwoparmite presalence;
Table S AICe moduls for abwndance of eowop
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CHAPTER FIVE

5.0 GENERAL DISCUSSION

The current study generally aimed to investigate the ecological
dynamics and distribution patterns of small mammals and their
arthropod ectoparasites across different elevations of Mount Meru,
Tanzania. Specifically, the following research objectives were
determined: changes in the elevational distribution of small
mammals over temporal spans, breeding patterns and population
abundance of the dominant small mammal species, and the
elevational distribution of arthropod ectoparasites infesting the two
dominant small mammal species. In a broader sense, this PhD study
explains how the diversity and distribution of the small mammals and
their arthropod ectoparasites would likely respond to the future
changing ecological dynamics of Mount Meru. Additionally, how
would this response be explained in the long term? And how would it
present challenges for the conservation of biodiversity and
safeguarding human well-being?

Mount Meru is among the biodiversity hotspots of Tanzania, where
its fauna comprises many rare and endemic species (Demeter and
Hutterer, 1986), with many parts of the mountain remaining
unassessed and many more species yet to be identified. Demeter
and Hutterer (1986) provided scattered reports of a few small
mammal species from the lower altitudes of Mount Meru and its
environs. In 2009, Stanley and Kihaule (2016) documented a total of
10 small mammal species, covering some of the vegetation zones
along the elevation gradients. Yet, the real wealth of small mammal
species in the area has not been fully assessed due to a paucity of
studies to cover all the major vegetation types. Conservationists
concerned that a number of small mammal species are threatened
due to severe habitat loss before being adequately documented
(Gordon et al.,, 2012). Accordingly, the current study extensively
sampled the majority of the vegetation types, increasing the number
of species to 15, two of which are endemic to the area. This study
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certainly increases the unearthing of hidden mammalian diversity in
the Meru ecosystem as well as the country.

Moreover, this study shows that the predominant small mammal
species on Mount Meru is the soft-furred mouse (Montemys
delectorum). This finding contradicts previous evidence provided by
Cassola (2016), who declared that Montemys delectorum is
exclusively found in the East Arc Mountains. Our observations from
this study, however, demonstrate that the current range distribution
of the species extends to the Northern Tanzanian Mountains, which
include Kilimanjaro and Meru (Mulungu et al., 2008; Thomas et al.,
2022). One may argue that the species has expanded from the
adjacent mountains, such as Northern Pare, or that its distribution
has not been adequately assessed. Though more sampling is
required, the species distribution information needs to be corrected
to include its distribution in Mount Meru and Kilimanjaro and be
considered an endemic species to the Eastern Africa Highlands
rather than just the East Arc Mountains. It is also noted that this
species was formerly classified in the genus Praomys (i.e., Praomys
delectorum), but Nicolas et al. (2021) taxonomically revised it to
Montemys delectorum. This study calls for updated information on
the taxonomy and geographical distribution range of this and other
species so as to enhance biological diversity conservation efforts.

This study also determined the elevational distribution pattern of
small mammal species, specifically rodents and shrews, at Mount
Meru, revealing peaks at intermediate altitudes and decreasing
trends towards upper and lower altitudes. The results lend credence
to the hypothesis of mid-elevational peaks, frequently known as
"Hump-shaped patterns”, where species richness is higher at the
intermediate altitudes (Brown, 2001), highlighting the need for
conservation concern in the mid-elevation of the mountain
ecosystem. The current finding is generally in support of previous
surveys from a wide range of altitudinal gradients worldwide (Chen
et al., 2020; Craig et al., 2020). Although the mechanisms that
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shape the distribution patterns of biodiversity are still the subject of
considerable debate (Dunn et al., 2007), relationships between
species and elevation differ for taxon and zoogeographical location
(Rahbek, 2005). Some of the explanations regarding why the
concentration of species occurring at intermediate altitudes in the
Meru Mountains may exemplify a theory put forth by Brown that
species richness may be amplified at a given elevation when three
conditions are met: 1) species having different habitat requirements
overlap in their distributions; 2) this occurs where vegetation
heterogeneity increases and conditions are not too extreme,
resulting in the most productive point in the gradient; and 3) species
are being pushed higher from the lower altitudes to the middle
altitudes to escape ever-increasing temperatures in the face of
climate or habitat change (Brown 2001).

Moreover, the findings demonstrated that along an elevational
gradient on Mount Meru, about 56% of the small mammal species
recorded may have shifted their ranges upslope over the last
decade, resulting in changes in species composition. The degree of
change in species composition in this study is relatively small
compared with the resurveys conducted by Craig et al., 2020, after
88 years in Ethiopia, and Rowe et al., 2010, after a century in the
United States. The relatively smaller change in species composition
in this study could probably be due to the short interval of
reassessment. The upslope movement typically indicates species
that are jeopardized in their habitat owing to different causes usually
migrate and seek refuge in a new location. Several studies have
reported that montane small mammal species are facing challenges
maintaining their existence due to habitat loss (Gazzard et al.,
2023), attributed to climate change, ecological disturbances, and
other impacts caused by human activity (Neate-Clegg et al., 2018;
Rogora et al.,, 2018; Gazzard et al., 2023). Studies simplified how
species respond to these environmental and climate changes in the
tropics, as well as how community composition may change: lowland
species become extinct if they lack nearby opportunities to escape
from too-warm conditions, whereas foothill species migrate upslope
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(Colwell et al., 2008; Korner et al., 2009; Spehn, 2011). The high-
elevation species move towards summit regions, whereas the
summit species with no possibility to escape upslope suffer from
increasing competition from immigrants from lower elevations. Some
highland taxa can escape short distances by taking advantage of
microhabitat diversity in rugged terrain, resulting in changing
community mosaics at a given elevation. Species already living near
the top of elevational gradients face a threat due to a lack of
alternative habitats, unless they have disjunct populations elsewhere
on higher mountains or at cooler latitudes (Brown, 2001; Colwell et
al., 2008; Korner et al., 2009). So, gaining insight into the distribution
patterns of montane species across elevational gradients over time
holds significant value for biodiversity conservation efforts as well as
for predicting species' responses to forthcoming environmental
changes and facilitating effective conservation strategies to maintain
the species. This study is notable for the comprehensive insight it
provides into the specific and general patterns of mammalian
elevational distribution, which contributes to the existing literature on
the elevational distribution of mammals along mountain slopes,
particularly on African mountainsides, where limited evidence is
available. As small mammals have limited dispersal capacity and
high affinity for specific habitats, they are highly susceptible to
environmental changes on a smaller scale (Cuypers et al., 2022).
This work may shed light on their elevational distribution and
ecology, which are critical for forecasting their response to future
environmental changes, as well as biodiversity conservation
planning and management.

This study has further demonstrated that the breeding seasonality of
Montemys delectorum is bimodal, which is consistent with previous
observations made in Africa, revealing that rodent breeding
commenced in the wet season and continued through to the early
dry season (Makundi et al., 2007; Yonas et al., 2015). This supports
to the notion that rainfall patterns promote vegetation productivity for
food, provide better nesting sites, and cover against potential
predators, which in turn stimulates breeding activity and adds new
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offspring to the population, ultimately leading to an increased
population abundance (Previtali et al., 2009). Seasonal breeding
leads to seasonal fluctuations in population abundance, signifying
that higher population abundance occurs during the breeding
season and vice versa. The considerable variation in population
abundance between the two forest habitats, with a greater
population in the patchy open forest, also indicates the population in
this landscape is unstable. It would appear to suggest that the
patchy open forest is a better refuge for the species, in line with
previous studies (Forman and Godron, 1981; Walke et al., 2003;
Gitzen and West, 2002; Goodsel et al., 2007). On the other hand,
many authors have linked fluctuations in the abundance of a rodent
zoonotic pathogen reservoir population with temporal variation in the
number of new disease cases (Olsson et al., 2003; Rose et al.,
2003; Davis and Calvet, 2005). And a growing number of studies
have found that higher primary productivity of a landscape can be
linked to high numbers of rodent-borne zoonoses cases (Franke et
al.,, 2002), leading some to trophic cascade hypothesis. This
hypothesis suggests that higher primary production leads to
increased rodent population abundance, which may enhance
human-animal contact and potentially increase the risks of zoonosis
in the reservoir population and community (Gage and Kosoy, 2005).
However, evidence for this hypothesis is limited (Brown and Ernest,
2002).

This study also examines the arthropod ectoparasite infestations of
two rodent species, Montemys delectorum and Rhabdomys dilectus,
with a wide distribution across the elevation gradient. The results of
the study revealed that some rodent species and ectoparasites,
including fleas and mites, found on Mount Meru have been linked to
medicinal and veterinary significance in earlier research conducted
elsewhere (Makundi et al., 2015; Yonas et al., 2011). The fleas, X.
cheopis, C. calceatus, and Dinopsyllus spp., for example, are
confirmed efficient vectors of bubonic plague in Tanzania and have
been found in rodents involved in plague outbreaks (Makundi et al.,
2015). In addition, it has been mentioned that C. calceatus is linked
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with the transmission of bartonellosis in Rwanda (Nziza et al., 2019).
Although the identification of mite species is ambiguous—Laelaps or
Varroa—certain Laelaps species are known to serve as vectors for
zoonoses like rickettsial pox and Q fever (Diaz, 2010). Similarly,
Varroa spp. is known to transmit a bee-pathogenic RNA virus known
as the deformed wing virus (DWV), which is responsible for
honeybee (Apis mellifera) colony losses world-wide (Gisder and
Genersch, 2021).

The controversial point in this study that required further
investigation was the identification of the mites. Using morphological
traits, the mites were identified as Laelaps species; however, using
the coxl gene, they provided the highest-scoring BLAST hit to a
sequence from Varroa rindereri. Varroa rindereri was surprisingly
discovered in honeybees in 1998 (Anderson and Trueman, 2000).
Varroa was previously known as the Laelappid-like mite, and
belonged to the family Laelapidea before being separated into the
Varroadea family (Delfinado and Baker, 1974). Probably the low
percent identity value (83.24%) between the DNA sequences
suggests that the mites found in Mount Meru rodents belong to a
previously uncharacterized species in the Mesostigmata
group. According to the information available so far, this is the first
molecular identification of small mammal mites in Tanzania. Thus,
the quite limited sequenced data for Mesostigmata mites and fleas
from Tanzania available in GenBank made it difficult to compare the
DNA sequence from this study. Only small samples were sequenced
to confirm the species; so, further study using different target genes
is needed to resolve the ambiguity of the mite species identification
and to detail the molecular characteristics of the ectoparasites.
Finally, it might also be worthwhile to ask if Varroa species could
possibly parasitize rodents. This appears to be a topic that warrants
more study in the fields of biology and ecology related to mites and
confirms their role in zoonotic diseases.
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Furthermore, the nature and frequency of human contact on Mount
Meru with wildlife, small mammals inclusive, in the ecosystem seem
to be rising as a result of research activities, ecotourism, human
encroachment on wildlife habitats because of grazing from the lower
altitudes, and other activities that bring people and wildlife into close
proximity or direct contact. Wildlife, including rodents, move across
the Arusha National Park boundary, venturing into areas used by
humans, and thus come into direct or indirect contact with people
along the park margin and their livestock. Conversely, animals in the
park interact with the field assistants and tourists, who later interact
with the local community. All such interactions are known to have
the potential to increase the possibility of zoonotic pathogen
transmission, thereby affecting the overall health of animals and
humans (Gilardi et al., 2015). Moreover, according to the WHO
(2022) report, Africa is facing an increasing risk of zoonotic disease
epidemics, with outbreaks increasing by 63% from 2012 to 2022,
compared to the preceding decade, of which 75% originate from
wildlife (Jones et al., 2008). Due to the fact that Tanzania is among
the handful of countries in Africa where active foci of zoonotic
diseases, like plague, still persist, this preliminary study may lay the
groundwork for screening rodent hosts and their ectoparasites for
potential zoonotic pathogens on Mount Meru and its environs.

The two rodent species included in this study had an overall
ectoparasite prevalence of 58.8%, which is higher than the
prevalence results of other small mammal species reported in
Uganda (Mawanda et al., 2020) but lower than the values reported
in Ethiopia by Yonas et al. (2011). This might be related to the fact
that parasite infestations differ between geographical regions and
taxa. Yet, several studies on other species have found that parasitic
infection results in lower reproduction and overwinter survival in
yellow-bellied marmots (Zanet et al., 2017) and hare populations
(Newey et al., 2007). These studies may support the fact that
parasites can regulate their host populations depending on the
characteristics of the host-parasite relationship (Harris and Dunn,
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2010; Schmid-Hempel, 2021). Parasites can deteriorate host fitness
by draining resources, consuming and reducing host energy,
causing physical harm, and increasing mortality (Hakkarainen et al.,
2007; Wolf et al., 2018), which can lead to reduced host density and
potentially affect ecosystem function. Moreover, increased exposure
and a larger accumulation of additional parasite infestations in hosts
heighten the likelihood of transmission to other members of the
community (Solak et al., 2020). Particularly, the potential impacts of
parasites become apparent when a newly emerging disease causes
devastating losses to the population of conservation concern
(Pedersen and Fenton, 2015). Understanding the diversity and
abundance of ectoparasite species provides valuable insights into
the ecological functions they play in the regulation of their host
populations and communities (Wei et al., 2010; Kasso, 2023). Owing
to the considerable biological diversity of Mount Meru, which
includes endemic and threatened species listed on the IUCN Red
List (Stanley and Kihaule, 2016), such as Crocidura newmarki,
Lophuromys verhageni, and Montemys delectorum, the level of
parasite infestation reported by this study may also pose a concern.
This can be supported by the fact that many threatened mammal
populations are fragmented, small, and have low levels of genetic
diversity (Altizer et al., 2003), which can increase host susceptibility
and exposure to parasitic diseases (Lyles and Dobson, 1993).

The distribution of ectoparasites in this study was explained by sex,
species type, and environmental temperature, consistent with
previous studies (Matthee et al., 2010; Scantlebury, 2010; Comas,
2020), which revealed parasite distribution is determined by the
combination of host traits as well as host microhabitats. The
parasitism level of infestation in this study was sex-biased, with
males tending to be more heavily parasitized than females. This sex-
based variation could be due to different factors: This may be a
direct consequence of sexual dimorphism in body size because
most mammalian males have larger body sizes than females
(Shilereyo et al., 2022; Kowalski et al., 2015), which provides a
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wider range of niches for parasites and can thus support a greater
number of parasites (Young et al., 2015). In addition, male hosts
often have higher energetic requirements, necessitating longer
distances traveled in the quest for food, increasing their chances of
encountering  ectoparasites (Postawa and Nagy, 2016).
Furthermore, due to the physiological differences between males
and females, the immunosuppressive properties of testosterone tend
to diminish the body’s immunity, causing a substantial decline in
male immune fitness (Krasnov et al.,, 2021). Moreover, the
infestation of Montemys delectorum was greater than that of
Rhabdomys dilectus, which supports studies carried out elsewhere
by Shilereyo et al. (2022), mentioning that host species are
determinants of infestation so that different species have different
resistances (i.e., the capacity of the host to reduce parasite
establishment) and tolerances (i.e., the competence of the host to
resist a given parasite load and sustain fithess while under
infestation) (Medzhitov et al., 2012). Moreover, the infestation of the
animal may be determined by the type of the host’s fur. The greater
prevalence and abundance of ectoparasites on Montemys
delectorum may partly be associated with its soft fur, which
potentially allows ectoparasites to penetrate easily.

The investigation also supports previous findings that revealed
ectoparasite distribution is determined not only by host traits but also
by the climatic conditions and landscape of the environment where
the host and its ectoparasites reside (Young etal., 2015). It is
frequently reported that elevation determines organisms’ distribution,
which potentially extends to their arthropod ectoparasites. However,
by itself, elevation above sea level means nothing to a species
(Lomolino et al., 2001). The correlated environmental variables that
change rapidly over short distances generate and maintain patterns
of abundance and distribution (McCain, 2003; Brown, 2001,
Lomolino et al., 2001). Generally, the most obvious change predictor
with increasing elevation is the linear decrease in temperature
(Zamora-Vilchis et al., 2012). The lower ectoparasite prevalence and
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mean abundance at higher elevations in Mount Meru imply that the
cold conditions of the highlands impose thermoregulatory constraints
on ectoparasites and have a direct effect on their physiology and
survival rate. This justifies the fact that temperature is inversely
linked to elevation; warmer temperatures at lower elevations provide
more favorable conditions for parasite development than at higher
elevations, highlighting the idea that cold conditions at higher
elevations limit reproduction and development. This may
demonstrate that higher elevation zones are ideal for conservation.
In the light of climate change, many mountain organisms, including
small mammals, shift their distribution frequently to higher altitudes,
which may have an impact on species that serve as parasite
reservoirs and vectors, altering wildlife and livestock infestation
patterns. The study contributes knowledge to enhance
understanding of spatial parasite-host dynamics, which is crucial for
biodiversity conservation and zoonoses management.

In the general sense, elevational gradients influence small mammal
distribution, potentially extending to the parasites they host. The
shifting in the distribution of small mammals and their interaction
with ectoparasites on Mount Meru is a microcosm of the broader
challenges facing mountain ecosystems around the world. These
insights go beyond the immediate context of Mount Meru and
suggest that we need to consider the long-term consequences of
ecological dynamics on biodiversity conservation. As climate change
and habitat loss continue to shape mountain landscapes, our
understanding of these complex relationships becomes critical. Its
impact is not limited to species interactions but also touches the field
of human well-being. The conservation of biodiversity is intrinsically
linked to our own well-being, as biodiversity and human societies are
intricately intertwined; the well-being of humans depends on the
well-being of all other species in the environment. As we struggle
with these complexities, the lessons of this research resonate as a
call to appropriate conservation action in the Meru Mountains.
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CHAPTER SIX

6.0 GENERAL CONCLUSIONS AND RECOMMENDATIONS

6.1 Conclusions

Gaining insight into the distribution patterns of montane species
across elevational gradients holds significant value for biodiversity
conservation efforts as well as for predicting species' responses to
forthcoming environmental changes and facilitating effective
conservation strategies to maintain them. The current study sheds
new light on the ecology and distribution of small mammals and the
arthropod ectoparasites they host in Mount Meru. The small
mammal species found in the various habitat types of the mountain
landscape was well documented. It is worth noting that Crocidura
newmarki (Near Threatened species under IUCN Red List specific
criteria) and Lophuromys verhageni are both endemic species to the
mountain. The predominant small mammal in our captures in this
landscape is Montemys delectorum, a species whose conservation
status is a matter of concern because of the ongoing habitat loss
across Africa. The study also revealed that the small mammal
species found in the mountain have experienced an upward shift in
their range along the elevational gradients in the past decade, which
is likely attributed to climate change, fire incidences, and human
pressure. Although Otomys tropicalis was reported from Mount Meru
in the 2009 study, its presence in the current study remains
uncertain. Furthermore, the study looks at the breeding patterns and
population abundance of Montomys delectrom, revealing a seasonal
breeding pattern in which rainfall emerged as the primary influencing
factor. Since there is a significantly higher population in the patchy
open forest than in a dense forest, it is clear that the population
abundance in the study region is unstable.

The rodents and ectoparasites described in this study have been
receiving significant attention for their role in the transmission of life-
threatening medical and veterinary diseases throughout Africa,
including Tanzania. Furthermore, this is the first study to use
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molecular techniques to identify flea and mite species in Tanzanian
small mammals. We found a previously uncharacterized new mite
species in the Mesostigmata group. The study also revealed that the
elevational distribution of rodent arthropod ectoparasites was
influenced by host traits such as species and sex in combination
with environmental temperature. The prevalence and mean
abundance of ectoparasites was found to be higher at lower
elevations, indicating that the reproductive and developmental rates
of these parasites are influenced by the warmer conditions typically
experienced at lower altitudes.

| would close the conclusion by explaining how the diversity and
distribution of the small mammals and their arthropod ectoparasites
would likely respond to the future changing ecological dynamics of
Mount Meru, in a broader sense. Additionally, how would this
response be explained in the long term? And how would it present
challenges for the conservation of biodiversity and safeguarding
human well-being in the face of climate change?

In a broader sense, shifting in the distribution of small mammals and
their ectoparasites on Mount Meru is a microcosm of broader
challenges facing mountain ecosystems around the world. These
insights go beyond the immediate context of Mount Meru and
suggest that we need to consider the long-term consequences of
ecological dynamics on biodiversity conservation. As climate change
and habitat loss continue to shape mountain landscapes, our
understanding of these complex relationships becomes critical. Its
impact is not limited to species interactions, but also touches the
field of human well-being. The conservation of biodiversity is
intrinsically linked to our own well-being, as biodiversity and human
societies are intricately intertwined. As we struggle with these
complexities, the lessons of this research resonate as a call to
appropriate conservation action in Mount Meru.
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6.2 Recommendations

Understanding the distribution patterns of montane species along
elevational gradients is of great importance for biodiversity
conservation initiatives. It also aids in predicting how these species
will respond to future environmental changes and enables the
development of effective conservation strategies to preserve them.
Given the significant importance of the Mount Meru ecosystems in
terms of its rich biodiversity, the shift in the distribution of small
mammals and their ectoparasites, along with the presence of
species that hold medical and veterinary importance, raises a great
concern for biodiversity conservation and human well-being.
Therefore, the following recommendations are proposed to address
the gaps identified by the findings of this study:

The upslope shifts in small mammals’ distribution in Mount Meru,
likely caused by changes in climate, uncontrolled fire incidences,
and human activities, call for proactive conservation measures.
Enhanced conservation of the ecosystem would not only safeguard
rare, threatened, and endemic wildlife, but also offer a potential
refuge for lower-elevation species responding to rising global
temperatures. Moreover, regularly monitor program for small
mammals’ distribution is highly advised to gauge the potential impact
of environmental and ecological changes on their diversity and
distribution in the future. Furthermore, further studies are necessary
to clarify the uncertainty regarding the presence of Otomys tropicalis
in Mount Meru because the loss of one species from a certain
habitat has a far-reaching impact on biodiversity.

The demographic study of Montemys delectorum conducted in this
research is limited in scope, focusing on a few population
parameters. Expanding this research to include movement patterns,
survival rates, and recruitment would offer a more comprehensive
understanding of the species' conservation status.
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While the study concentrated on the demographic aspects of the
dominant species, Montemys delectorum, it is equally important to
gather demographic characteristics for the other small mammals,
especially those designated as endemic or threatened by the IUCN
Red List species, such as the Newmark's shrew Crocidura
newmarki.

The presence of medically and veterinary important rodents and
ectoparasites, as well as their interaction with humans and domestic
animals, at the lower altitude of the mountain calls for heightened
attention because warmer climatic conditions speed up parasite
reproduction and development while encouraging host small
mammals to move upslope, potentially spreading infection to other
wildlife. Thus, a better management plan is needed to protect
threatened and endemic species, overall biodiversity, and the well-
being of humans within and surrounding the mountain.

The identification of mite species previously known to infest
honeybees on a rodents based on DNA analysis requires further
detailed study. This will help answer the question, Is it plausible for
these mite species to engage in parasitic relationships with both
rodents and honeybees? which can expand our understanding of
parasite ecology and confirm their role in zoonotic disease.

This preliminary study serves as a foundation for further in-depth
study into the rodent host-ectoparasite interactions. Screening hosts
and ectoparasites for potential zoonotic pathogens is vital to
enhances our understanding of zoonotic pathogen dynamics,
informs conservation strategies, and helps strike a balance between
protecting biodiversity and safeguarding human health.

While the study concentrated on fleas and mites in the two dominant
small mammal species, a comprehensive assessment of all small
mammal species in the study area for ectoparasites, including ticks,
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is recommended. Ticks play a crucial role in the transmission of
human and livestock diseases.

Opportunistic species of rodents reported, such as Mastomys
natalensis and Arvicanthis niloticus, quickly colonize areas following
disturbance, overgrazing, and cultivation. Therefore, conducting a
comprehensive community survey and impact assessment of
households near Mount Meru is strongly advised to mitigate
potential zoonotic disease risks, evaluate the threat posed by these
rodent species to farmers, and implement effective pest
management strategies accordingly.
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APPENDICES

Appendix 1: Individual captured small mammal species and
sampling efforts in the 2009 and 2021 studies on

Mount Meru.

Small Mammal SA™ LMF UMF  UMF/EH EH AA TOTAL
Species 202120092021 2009 2021 2009 2021 200920212009 202120092021
Rhabdomys dilectus 2 0 1 0 3 24 26 7 20 24 36 55 88
Otomys tropicali o o0 o O o0 2 o 1 0 1 0 4 O
Praomys taitae 0O 79 72 185 192 38 39 4 18 0 0 306 321
Montemys delectorum® 0 0 0 0 2 0 0 0 o 3
Mus triton 0o 0o O o o0 o0 0 1 4 4
Mastomys natalensis 29 0 0O O o0 oO 0O 0 0 oO 29
Lophuromys verhageni o o o0 18 O 9 12 30 37 2 5 59 54
Lemniscomys striatus o o0 o O 3 o 1 0 0 O O o0 4
Graphiurus murinus 0 5 0 1 0 6 21 15 5 0 0 27 26
Grammomys dolichuus 6 3 3 4 5 2 4 4 3 0 0 13 21
Dendromus insignis 0 0 0 0 0 1 0 7 4 2 3 10 7
Dasymys incomtus o o0 3 0 3 o0 1 0 0 o0 O
Cricetomys ansorgei 0 0 4 0 3 0 2 o - 0o - 0 9
Arvicanthis niloticus 7 o0 5 0 O O O O 0o o0 o 22
Crocidura newmarki 2 49 38 18 19 22 23 51 42 4 3 144 127
Crocidura allex 0 31 0 31 33 18 19 36 29 16 0 132 81
Species richness 5 5 7 6 9 9 11 10 8 6 5 10 15
Total number of captures 56 167 126 257 263 122 149 155 158 50 51 751 803
Total trap-effort 1200 1426 1200 1426 1200 1426 1200 142611401407 114071117080
Trap success 4.7 11.7 105 18 21.9 86 12.4 109 13.8 3.5 4.5 10.511.3

@As Praomys delectorum in previous studies (but see Nicolas et al.,
2021); ™ Not sampled in 2009.
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Appendix 2: Climate data registered at each elevational site on

Mount Meru in February—November 2021 during the
small mammal survey. Totals presented as mean
and standard deviation (Mean £ SD), range(R) and
number of days measured (N). The rainfall samples
are expressed as the number of days measured
and number of days with rain (in parenthesis).

Elevation Daily Rainfall Daily Minimum Temperature Daily Maximum Temperature
Zone (mm) (°C) (°C)
SA
Mean = SD 0.1+0.3 20.6£5.8 209+5.8
R 0-0.7 12.5-28.1 12.6-28.3
N 6(1) 6 6
LMF
Mean = SD 0 145+15 15.6+1.8
R 0 11.6-15.7 12.3-17.5
N 6(0) 6 6
UMF
Mean = SD 25+1.4 147 +2.2 154+28
R 0-4.1 13.3-18.9 13.6 £+19.1
N 6(2) 6 6
UMF/EH
Mean = SD 22+17 10+ 0.34 125+2.0
R 0-3.8 9.5-10.5 10.4-15.9
N 5(4) 5 5
EH
Mean = SD 33+16 10.3+0.2 12.8+2.2
R 0-4.2 10.1-10.5 10.6-16.4
N 6(2) 6 6
AA
Mean = SD 1.7+19 55+24 8+13
R 0-3.8 2.3+83 6.9-10.3
N 5(3) 5 5




