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EXTENDED ABSTRACT

Small mammals play significant ecological and economical role among
many societies. Therefore, conducting ecological assessment of small
mammals is crucial for maintaining functioning ecosystems and societal
well  being.  The  tropical  mountains  are  characterised  by  diverse
habitats, favourable environmental conditions, as well as abundant flora
and  fauna,  including  numerous  endemic  species.  Among  tropical
mountains,  Mount  Rungwe  Nature  Forest  Reserve  (MRNFR)  in
southwestern Tanzania stands out as the second-highest mountain in
the  region,  boasting  its  high  diversity  of  flora  and  fauna,  including
several  important  IUCN  endemic  species  such  as  Rungwecerbus
kipunji, Cephalophus spadix and Galagoides sp. While there have been
various  studies  on  small  mammals  in  Tanzania,  the  studies  on
mountainous  small  mammals  remain  limited,  with  most  of  them
conducted  in  the  northern  part  of  the  country  and  Eastern  Arc
mountains.  This  study  aimed  to  understanding  the  ecology  of  small
mammals in MRNFR which is situated at the intersection of the western,
eastern and southern East Africa rift valleys. The study was conducted
between 2020 and 2022 and involved data collection along an altitudinal
gradient encompassing low-elevation, mid-elevation, and high-elevation
with habitats low and mid montane forests, montane bamboo forests,
montane  bushland  and  montane  grassland.  Different  methodologies
were employed based on the stated specific objectives. The total of 300
Shearman traps, 60 pitfall traps, 132 snap traps and 18 Havahart traps
were used.  To determine the species  composition,  a  combination  of
Sherman traps, pitfalls and Havahart traps was used along transects
whereby five trapping nights were conducted at each elevation. Grids
measuring 70 m X 70 m were established at each elevation to examine
the influence of microhabitat parameters on small mammal abundance.
Each  grid  contained  49  Sherman  traps  which  were  set  over  three
consecutive nights. Microhabitat parameters, including vegetation and 
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soil characteristics were collected using nested quadrant approach and
soil core method. The data on population dynamics were obtained from
permanent grids established over three consecutive days within a 24-
month period at each elevation. For the purpose of diet analysis,  the
snap traps were placed in four transect lines at each elevation for six
nights  during  both  wet  and  dry  periods  and  food  categories  were
determined through macro-histological analysis of stomach contents. All
collected species were identified using relevant keys and confirmed by
sequencing  the  mitochondrial  cytochrome  b gene.  A  total  of  3,183
individual small mammals comprised four families, eleven genera and
twelve  species  were  collected.  Identified  small  mammals  were
Montemys  delectorum,  Crocidura  luna,  Lophuromys  machangui,
Grammomys  cometes,  Cricetomy  ansorgei,  Dendromus  nyassae,
Mysorex  kihaulei,  Crocidura  olivieri,  Hylomyscus  arcimontensis,
Beamys hindei,  Graphiurus sp.  nov.  and Mus triton.  A total  of  nine
species  were  recorded  during  the  wet  season  whereas  ten  species
were recorded during the dry season. The results revealed that habitat
characteristics  and  season  significantly  influenced  small  mammal
richness, composition and diversity. The mid-montane forest exhibited
the highest diversity compared to low-montane forests. Small mammal
composition varied across habitats (Est ± SE = 3.36 ± 0.032, Z= 103.8,
p  <  0.001)  with  montane  bushland  showing  significantly  lower
composition.  Season  and  habitat  significantly  influenced  species
composition  with  montane  bushland  habitats  having  lower  species
composition  and  diversity  during  the  dry  season.  The  study  further
found out that small mammal abundance was influenced by elevation
and  season  with  mid-elevation  and  short  rain  period  depicting  the
highest abundance. Elevation affected some species differently with P.
delectorum decreasing and Lophuromys machangui increasing with an
increase in elevation. On the contrary, Crocidura luna was not affected.
Moreover, the results revealed that microhabitat parameters influenced
abundance of individual species differently, thus indicating that altering
the  microhabitat  could  impact  small  mammal  assemblage  and
abundance. 
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Therefore, microhabitat, elevation and season are important factors that
influence small mammal abundance and they can be used to evaluate
the  biodiversity  of  montane  tropical  small  mammal  communities.
Additionally,  diet  analysis  was  carried  out  on  four  rodent  species,
namely  Beamys hindei, Praomys delectorum, Lophuromys machangui
and  Grammomys  dolichurus.  The  food  categories  consumed  varied
among those rodent species. While B. hindei. consumed a significantly
high  number  of  seeds/grains,  G.  dolichulus  and  L.  machangui
consumed  a  significantly  high  number  of  invertebrates.  The  study
further revealed that G. dolichurus had narrow niche breadth <0.3, thus
indicating that it might be experiencing competition. On the other hand,
P. delectorum, L. machangui,  and  B. hindei had higher niche breadth
>0.5 with high overlap, thus suggesting that these species can coexist
without  competition.  Furthermore,  the  population  structure,  breeding
pattern  and  sex  ratio  analysis  were  carried  out  on  Montemys
delectorum which was the dominant and abundant species in the area.
Abundant species can influences species diversity and area productivity
due  to  their  high  density.  The  study revealed  high  population  of  M.
delectorum in low (Est.± SE = 1.37 ± 0.077, Z = 17.85, p = <0.0001) and
mid-elevations (Est.± SE = 1.408 ± 0.076, Z = 178.435, p = <0.0001)
compared to high-elevation. High population was observed during wet
season compared to dry season.  The aspect  of  elevation  influenced
both juvenile and adult populations while the season influenced juvenile
populations  only.  The  mid-elevation  sex  ratio  of  0.58  indicates
significant imbalance with a higher proportion of females compared to
males (χ2 = 51.84, df = 2, p = 0.0005). The study suggests that rainfall
and  elevation gradient  are  responsible  for  varying  population
abundance, breeding activities pattern and sex ratio of M. delectorum at
the MRNFR. As the rainfall increases, food availability increases leading
to  an increase  in  the  population  of  M. delectorum due to  increased
reproduction.  Overall,  the  study  provides  significant  ecological
information  about  the  current  distribution  of  small  mammals  in  the
Rungwe Forest. 
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Molecular  information  has  revealed  the  presence  of  small  mammal
species such as Graphiurus sp. which was reported for the first time in
this area. The study also demonstrated that habitat  and microhabitat
types,  elevation  gradient  and  seasonal  variations  strongly  influence
small mammal species abundance, diversity, richness and distribution
at both the population level and individual species like  P. delectorum
and  L.  machangui.  Some  species  such  as  L.  machangui  and  P.
delectorum are distributed in  Northern and Southern Highlands,  thus
showing less influence from the boundaries between these two regions.
However, the distribution of other species such as Graphiurus sp. and
M. kihaulei is  impacted by these boundaries.  In particular,  the study
revealed the presence of  endangered  Myosorex  kihaulei in  MRNFR,
which was previously believed to be endemic to Udzungwa Mountain
only.  Based  on  genomic  analysis,  the  study  documented  novel
Graphiurus  sp. Such  findings  suggest  the  need  to  incorporate  the
observed  species  in  the  management  plans  of  Southern  Highland
landscapes,  particularly  Rungwe  Mountain,  and  consider  the
conservation  of  the  noted  endangered  species. The  findings  also
suggest that monitoring of species along the elevation gradient is crucial
due to a greater diversity of species in Rungwe Mountains.

Keyword: Ecology, Small mammals, Population, Mount Rungwe.
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IKISIRI KUU

Mamalia  wadogo  wana  umuhimu  katika  ikolojia  na  uchumi  kwani
wanachangia  bioanuwai  na pia  wana athari  za kiuchumi.  Kwa hivyo,
tathmini yao ya kiikolojia ni muhimu kwa utendaji wa mfumo wa ikolojia
na  kupunguza  athari  za  kiuchumi.  Milima  inayopatikana  maeneo  ya
kitropiki  ni  nyumbani  mwa  mimea  na  wanyama  mbalimbali  ambao
baadhi yao wanapatikana katika maeneo hayo tu  kwa sababu ya kuwa
na aina mbalimbali za makazi na hali nzuri ya hewa na mazingira kwa
ujumla hivyo kuhitaji utafiti wa kina. Hifadhi ya Asili ya Msitu wa Mlima
Rungwe, Mount Rungwe Nature Forest  Reserve (MRNFR) ni mlima wa
pili  kwa urefu kusini  mwa Tanzania  wenye aina nyingi  za mimea na
wanyama. MRNFR ina spishi kadhaa za asili zenye umuhimu kwa IUCN
kama  Rungwecerbus kipunji,  Cephalophus spadix na  Galagoides sp.
Ingawa nchini Tanzania kumefanyika tafiti kadhaa zinazohusu mamalia
wadogo, tafiti za mamalia wadogo wa milimani bado ni chache; na kwa
baadhi ya tafiti  zilizofanywa nyingi  ni kwa upande wa kaskazini  mwa
nchi  na  milima  ya  Tao  la  Mashariki.  Utafiti  wa  sasa  unakusudia
kuelezea  ikolojia  ya  mamalia  wadogo  wanaopatikana nyanda  za juu
kusini  mwa  Tanzania  katika  MRNFR ambayo  unapatikana  kwenye
makutano ya mabonde ya ufa la  Africa  Mashariki  kati ya  magharibi,
mashariki na kusini. Utafiti huu ulifanyika tangia mwaka 2020 hadi 2022.
Takwimu za mamalia  wadogo  zilikusanywa  katika  miinuko  tofauti  ya
mlima (chini, kati,  na juu) unaojumuisha misitu ya chini na ya  kati ya
milima,  misitu ya mianzi  na maeneo ya milima ya nyasi  na vichaka.
Mbinu mbalimbali zilitumika kulingana na malengo mahususi. Jumla ya
mitego  300  ya  Sherman,  60  ya  mashimo,  132  ya  snap  na  18  ya
Havahart ilitumika. Kwa kujua aina ya spishi wanaopatikana, mistari ya
mkato na mchanganyiko wa mitego aina ya Sherman, mitego ya shimo
na mitego ya Havahart ilitumika. Mitego iliwekwa kwa siku tano katika
kila  mwinuko  wa  mlima  kwa  misimu  miwili. Kufikia  lengo  la  pili  la
kuangalia  jinsi  makazi  mahsusi  kama vile  sifa  za  udongo  na mimea
zinavyoathiri  wingi  wa  mamalia  wadogo;  maeneo  madogomadogo
(gridi) yenye vipimo vya mita 70 kwa 70  yaliwekwa katika kila mwinuko 
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na mitego 49 ya Sherman katika kila gridi ilitumika. Mitego iliwekwa kwa
siku 3 mfululizo na hali  mahsusi (microhabitat) ya mimea na udongo
ilikusanywa kwenye kila gridi. Kwenye lengo la kuangalia idadi na jinsi
miendendo  ya  idadi  ya mamalia  wadogo  wanavyobadilika,  gridi  za
kudumu ziliwekwa na takwimu zilikusanywa kwa siku tatu kwa mwezi
kwa kipindi  cha miezi  24.  Kwa upande  wa takwimu juu ya mamalia
wadogo wanakula nini, mitego ya kuuwa ilitumika ambayo kila mwinuko
ilikuwa  na  jumla  ya mistari  ya  mitego minne iliyowekwa  kwa siku  6
katika  kipindi  cha  mvua na ukame.  Uchunguzi  wa  chakula  kilichopo
kwenye tumbo ulifanyika  na kuangalia  makundi  ya vyakula ambavyo
wanyama hao wanakula. Mamalia wote waliokamatwa walitambuliwa na
kuhakikiwa  kwa  njia  ya   jeni.  Jumla  ya  mamalia  wadogo  3,184
walikusanywa wakijumuisha spishi 12, familia nne na genera 11. Aina
zilizokusanywa  zilikuwa  Montemys  delectorum,  Crocidura  luna,
Lophuromys  machangui,  Grammomys  cometes,  Cricetomy  ansorgei,
Dendromus nyassae, Mysorex kihaulei, Crocidura olivieri, Hylomyscus
arcimontensis, Beamys hindei, Graphiurus sp. nov. na Mus triton. Jumla
ya  spishi  tisa  zilikusanywa  kipindi  cha  mvua  na  kipindi  cha  ukame
zilikusanywa  spishi  kumi.  Matokeo  yalionyesha  hali  ya  mazingira
pamoja na utofauti wa hali ya hewa uliathiri uwepo, idadi na anuwai ya
mamalia  wadogo.  Msitu  wa  kati  wa  mlima  ulikuwa  na  anuai  kubwa
kulinganisha na msitu wa chini ya mlima. Uwepo wa spishi ulitofautiana
katika makazi tofauti (Est ± SE = 3.36 ± 0.032, Z= 103.8, p < 0.001),
maeneo  ya  vichaka  yalikuwa  na  idadi  ndogo  ya  wanyama  wadogo.
Misimu ya hali ya hewa na aina za makazi zilionekana kuathiri uwepo
wa spishi  kwa kuwa na  uwepo  mdogo wa spishi  katika  maeneo  ya
vichaka.  Ilionekana pia kuwa wingi wa wanyama wadogo uliathiriwa na
mwinuko wa mlima na hali ya hewa ambapo mwinuko wa kati ya mlima
kulikuwa na idadi kubwa ya wanyama wadogo katika kipind cha mvua.
Mwinuko pia uliathiri spindi mmoja mmoja tofauto ambapo idadi ya  P.
delectorum ilikuwa  inapungua  jinsi  mwinuko  ulivyoongezeka,  wakati
idadi  ya  L.  machangui  ilikuwa  inaongezeka  jinsi  mwinuko
unavyoongezeka na Crocidura luna hawakuathiriwa na mabadiliko ya 
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mwinuko.  Kutokana  na  haya,  vigezo  vya  makazi  vikibadilika
husababisha  mabadiliko  kwa  wingi  wa  mamalia  wadogo.  Katika
uchambuzi wa chakula, spishi nne za panya;  B. hindei, P. delectorum,
L. machangui na  G. dolichurus zilifanyiwa utafiti wa chakula. Ilibainika
aina za vyakula vilivyoliwa vilitofautiana baina ya spishi za panya. Kwa
mfano,  B,  hindei alikuwa  na idadi  kubwa ya  mbegu/nafaka huku  G.
dolichurus na  L. machangui wakiwa na idadi kubwa zaidi ya wadudu.
Nafasi bora za kuishi (niche) zilionekana kuwa ndogo kwa G. dolichurus
wakati  P. delectorum, L. machngui, na B. hindei walikuwa na niche ya
wastani lakini, mwingiliano wa chakula ulikuwa wa juu katika aina zote
nne za panya.  L. machangui, P. delectorum na B. hindei walikuwa na
niche ya >0.5 na mwingiliano wa juu na hivyo wanaweza kuishi pamoja
bila  ushindani  wakati  G.  dolichurus anaweza  kupata  ushindani  kwa
sababu ya niche yake kuwa chini <0.3. Uwiano wa jinsia, kuzaliana na
muundo  wa  idadi  ulifanywa  kwa  M.  delectorum ambaye  ndio  spishi
iliyopatikana kwa wingi zaidi. Idadi kubwa ya M. delectorum ilirekodiwa
katika mwinuko wa chini (Est.± SE = 1.37 ± 0.077, Z = 17.85, p = <2e-
16) na mwinuko ya kati (Est.± SE = 1.408 ± 0.076, Z = 178.435, p =
<2e- 16) ikilinganishwa na mwinuko ya juu. Vilevile  msimu wa mvua
ulikuwa na idadi kubwa ya  M. delectorum kulinganisha na msimu wa
kiangazi. Mwinuko  ulionekana  kuathiri  idadi  ya  panya  wadogo  na
wakubwa lakini msimu wa hali ya hewa uliathiri panya wadogo pekee.
Uwiano wa jinsia ulikuwa 0.51. kwa upande wa mwinuko wa kati uwiano
ulikuwa 0.58 kukiwa na uwiano mkubwa wa majike kuliko madume (χ2
= 51.84,  df  =  2,  p  =  0.0005).   Kwa hiyo  hali  ya  hewa na mwinuko
vilionekana  ndio  sababu  ya  tofauti  ya  idadi  ya  panya,  kuzaliana  na
uwiano wa  jinsia katika msitu wa Mlima Rungwe.  Kipindi  cha mvua,
chakula  huongezeka  na  hii  hupelekea  kuingezeka  kwa  idadi  ya  M.
delectorum  kwa sababu ya kuongezeka kuzaliana.  Kwa ujumla, utafiti
huu umefafanua ikolojia  ya  mamalia  wadogo  katika  msitu  wa  mlima
Rungwe na hivyo kuongeza uelewa wa ikolojia ya mamalia wadogo wa
milimani.  Ingawa  ueneaji  wa  spishi  kama  L.  machangui na  M.
delectorum unaonyesha ukaribu wa muunganiko wa kijiografia kati ya 
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milima ya Nyanda za Juu Kaskazini na Kusini, uwepo wa spishi kama
Graphiurus  sp. na  Mysorex  kihaulei katika  MRNFR inaonyesha
vinginevyo. Mysorex kihaulei  ni spishi iliyo hatarini kutoweka iliyokuwa
ikipatikana Udzungwa, pia imepatikana katika misitu ya Mlima Rungwe.
Matokeo mengine ya kuvutia katika utafiti huu ni kupatikana kwa spishi
ya Graphiurus sp. nov (Rungwe) ambayo ni spishi mpya kulingana na
takwimu za  maumbile.  Utafiti  huu  umefichua  bioanuai  kubwa  katika
milima ya Kusini na kwa hivyo inapendekeza juhudi zaidi za uhifadhi.

Maneno muhimu: Ikoloji, Mlima Rungwe, mamalia wadogo, hali ya 
idadi ya mamalia wadogo
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CHAPTER ONE

1.0 GENERAL INTRODUCTION
1.1 Eastern Afromontane Regions in Tanzania and their Diversity 
Eastern and Western rift valley mountains constitute part of the Eastern
Afromontane  Biodiversity  Hotspot  (EABH)  in  Tanzania,  which  is
distributed along the eastern edge of Africa (Cuypers et al., 2022). The
EABH comprises  the  elevated regions  of  the  East  African  rift  valley
which is characterised by afromontane vegetation. Although the Eastern
Afromontane is fragmented, its patches exhibit similar flora. It is worth
noting that  EABH ranks as one of  the biodiversity  hotspots with the
second highest number of endemic higher vertebrate genera, following
Madagascar and the Indian Ocean islands (Mittermeier  et al.,  2011).
The Eastern Afromontane is estimated to be the home to at least 7,598
species  (including  2  356  endemics),  along  with  1  325  bird  species
(including  157  endemics),  490  mammal  species  (including  104
endemics),  347  reptile  species  (including  93  endemics)  and  323
amphibian species (including 100 endemics) (Mittermeier  et al., 2004;
Birdlife  International,  2011).  Such  statistics  are  not  final  since  the
ongoing studies continue to discover new species (Rovero et al., 2008;
Konečný et al., 2020).

The  Afro-montane  region  in  Tanzania  encompasses  various  high
mountain  areas,  including  Kilimanjaro,  Meru,  Hanang,  Ngorongoro,
Rungwe,  Livingstone,  Mporoto,  Mahale  and  Mbizi  among  others.
Additionally, Afro-montane vegetation can also be found in the Eastern
Arc  mountains  such  as  Pare,  Usambara,  Nguu,  Nguru,  Uluguru,
Ukaguru, Rubeho, Malundwe, Udzungwa and Mahenge (Cuypers et al.,
2022; Davenport  et al., 2004). Tropical Afro-montane regions boast a
higher diversity of plants and animals due to their favorable climate and
environmental  stability.  Moreover,  these  regions  exhibit  a  significant
degree of endemism (Dimitrov et al., 2012).



2

Mount  Rungwe  which  is  located  in  Tanzania's  southern  region  is  a
volcanic mountain which is situated at the triplet junction of the eastern,
western and southern arms of the East Africa Rift Valley, which is part
of the EABH (Figure 1.1). This junction area is known as the Livingstone
Mountains  encompassing  a  range  of  mountains,  including  the
Livingstone Mountains themselves,  Mbeya Range, Uporoto Mountain,
Mt. Ngozi, Mt. Rungwe, Kitulo Plateau and Kipengere Range (Cuypers
et al., 2022). The rainforest montane habitat in southern Tanzania holds
a significant value due to its high flora and fauna species diversity, local
or  regional  endemism  and  its  role  as  water  catchment  area.  Mount
Rungwe, in particular, exhibits the remarkable diversity and endemism.
It acts as home to approximately 390 fauna and 500 floras species, with
400  flora  species  used  for  traditional  medicines  (URT,  2017).  The
mountain hosts 38 endemic faunas, including the critically endangered
Rungwecerbus  kipunji,  near  threatened  Serinus  melanochrous,
Cephalophus spadix, Galagoides sp. Nov., Colobus angolensis sharpei,
Rhynchocyon  cimei  hendersoni,  Paraxerus  lucifer  lucifer and  others
(URT, 2017). 

The dominant  habitats  on Mount  Rungwe encompass the evergreen
lower montane forest at the elevation of 1700-2100 meters above sea
level (m a.s.l.), upper montane forest at the elevation of 2100-2600 m
a.s.l., line of bamboo forest at 2500-2600 m a.s.l and montane bushland
at  the  highest  elevation  of  2600-2900  m a.s.l.  However,  the  human
activities  in  the  surrounding  area  of  the  mountains  pose  increased
pressure  on  natural  forests  and  their  vertebrate  fauna.  The  major
threats  facing  Mount  Rungwe  Nature  Forest  Reserve  include  forest
fires,  illegal  hunting,  illegal  collection  of  medicinal  plants,  and  the
invasion  of  pine  trees  (URT,  2017).  For  instance,  according  to
Davenport (2004), pine trees have invaded and colonized a significant
portion of the reserve, even at higher elevations, causing damage to the
reserve's ecology and posing threats to indigenous flora and fauna.
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1.2   Non-Volant Small Mammals Ecology 
Non-volant small mammals are groups of mammals weighing less than
500g including orders such as Rodentia, Soricomorpha, Macroscelidea
and Afrosoricidea. Rodentia and Soricomorpha are widely distributed in
Africa  with  Rodentia  being  most  successful  in  terms  of  distribution,
richness  and  abundance.  Being  one  of  the  most  successful  small
mammal groups, the rodent group is distinguished by having constantly
growing pairs of  incisors in  their  upper  and lower  jaws.  The rodents
account  for  over 42% of  all  mammals and exhibit  high diversity  and
abundance  in  tropical  Africa  (Wilson  & Reeder,  2005;  Dontas  et  al.,
2010). In the sub-Sahara Africa, an estimated 463 rodent species are
adapted to heterogeneous environments and are found in all types of
habitats  (Ara  et  al.,  2015).  Soricomorpha  is  characterised  by  long,
pointed snouts, numerous sharp teeth, tiny ears and small eyes and it is
expected that there are approximately 150 species in Africa (Happold,
2013; Kingdon,  2015). Small  mammals are found in a wide range of
natural  habitats,  agricultural  landscapes  as  well  as  rural  and  urban
areas (Ken et al., 2003). Their ecological success can be attributed to
their  adaptability  in  a  diverse  habitats,  food  sources,  and  short
reproductive  cycles  (Emily  &  Hoekstra,  2008;  Makundi  et  al.,  2009;
Yihune & Bekele,  2012).  Due to their  environmental  adaptability  and
diverse morphology, physiology, feeding behaviors and life strategies,
they  have  colonized  large  part  of  the  world,  making  them  a  highly
successful group of mammals (Corbet & Hill, 1994; Musila et al., 2019;
Paniccia  et al.,  2022).  The distribution of  small  mammals in different
geographical  areas  is  influenced  by  environmental  factors  such  as
temperature,  humidity,  altitude,  food  availability,  and  habitat
characteristics (Baker et al., 2003; Heroldová et al., 2007). 

Nevertheless, small mammals play a significant role as an integral part
of the food web and functioning of ecosystems. For instance, the study
on leopard food habits at Mount Rungwe-Kitulo landscape reveals that
small mammals, including rodents accounted for more than 59.57% of 
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the leopard’s diet (de Luca & Mpunga, 2018). Further, small mammals
contribute to seed dispersal  through their feeding behaviors, regulate
the population of other animals such as invertebrates through predation,
and aid in soil  modification and aeration through burrowing activities.
Given  their  high  richness,  abundance  and  diversity  across  various
environments,  small  mammals  have  been  utilized  as  ecological
indicators for assessing habitat disturbance, species diversity,  energy
flow, and climate change within an ecological area (Mason-Romo et al.,
2018;  López-García  et  al.,  2021).  While  the  small  mammals  offer
numerous benefits to ecosystem, they also pose challenges to human
beings and their assets. The referred challenges include the spread of
zoonotic diseases and as pest that affect human belongings. However,
it is estimated that around 7% of small mammals, primarily rodents, are
considered pest impacting agriculture, stored products and as diseases
transmission agent (Capizzi et al., 2014). Therefore, the study of small
mammals  constitutes  a  crucial  component for  the  sustainable
conservation of terrestrial ecosystem.

The  population  ecology  which  is  a  sub  field  of  ecology  focuses  on
understanding population dynamics and species interactions within their
surrounding environment  (Tuljapurkar,  2013).  It  involves  studying the
species  occurrence,  distribution,  abundance,  population  density,
dispersion, age structure, breeding pattern and sex ratio of organisms
(Lacey  et  al., 2000).  Such  interactions  between  species  and  their
environment play a crucial  role in understanding species biology and
how environmental conditions influence population size (Lacey, 2001).
Having knowledge of species populations is fundamental to biology as it
provides  insights  into  population  growth  and  the  impact  of
environmental  factors  such  as  seasonality,  soil  properties  and
vegetation characteristics and altitude (Ellis  et al., 1997; Lacey  et al.,
2000; Eccard et al., 2000). 
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1.3   Factors Affecting Small Mammals 
Small mammal composition and diversity are influenced by a range of
abiotic  variables,  including  the  resource  availability,  disturbance  and
physical conditions as well as biotic factors like competition, predation
and genetic diversity.  Geographical factors such as species dispersal
also play a role (McCain’, 2005; Márquez  et al., 2011; Galiano  et al.,
2014;  Charney  et  al.,  2021).  Vegetation  parameters  have  shown
strongly  association  with  the  occurrence  and  dynamics  of  small
mammals as vegetations serve as food,  cover,  and habitat  for  these
species  (Andrews  &  O’Brien,  2000;  Tews  et  al., 2004).  Habitat
characteristics have been found to be the primary drivers of variations in
small mammals’ composition, abundance and diversity (Karasov-Olson
&  Kelt,  2020;  Ademola et  al.,  2022;  Carmignotto  et  al., 2022).
Additionally,  variations  in  altitude  have  been  shown  to  impact  small
mammal composition, abundance, distribution and diversity as changes
in  climatic  characteristics  and  vegetation  occur  along  altitudinal
gradients (Ferreguetti et al., 2021; Chirichella et al., 2022). 

The  responses  of  small  mammals  to  environmental  changes  along
gradients have been studied worldwide and the observed patterns of
response  vary.  Altitude  is  one  such  gradient  where  small  mammals
have  exhibited  strong  responses  (Author  &  Sanchez-Cordero,  2001;
Kasangaki  et al., 2003; Rica & McCain, 2004). The diversity of small
mammals along altitudinal  gradients  has been found to be higher  at
lower altitudes (Kasangaki  et al., 2003) and middle altitudes (McCain,
2004). Such response patterns may be influenced by several factors,
including climate,  habitat  heterogeneity,  species-area effect  and mid-
domain effect (McCain’, 2005; Körner, 2007). The distribution patterns
and structures of these mammals do not always adhere to a uniform
pattern across different geographical areas such as altitudinal ranges of
small mammals (Heaney, 2001; McCain’, 2005; Magige, 2013).  
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Some  studies  have  reported  the  positive  correlation  between  small
mammal species richness and abundance with an increase altitudinal
range (Magige, 2013; Kohlmann et al., 2022) while other studies have
shown diversity peaks at mid-elevation (Brown, 2001; McCain’, 2005). 

Vegetation  parameters  play  a  crucial  role  in  the  interaction  between
small mammals and their habitat. The abundance and diversity of small
mammals  have  been  strongly  associated  with  habitat  heterogeneity
(Clausnitzer  &  Kityo,  2001;  Mulungu  et  al.,  2008;  Yihune  &  Bekele,
2012).  However,  the  habitat  selection  among small  mammals  is  not
uniform and varies among species and the available resources (Galiano
et al.,  2014) as well  as other environmental  attributes (Meliyo  et al.,
2015). For instance, Galiano et al. (2016) found out that the distribution
of subterranean rodents was influenced by factors such as soil moisture
content  and  hardness.  Similarly,  Meliyo  et  al.  (2015)  examined  the
impact  of  physical  properties  and  microclimate  of  soil  on  burrowing
rodents and found out that the soil properties affected the abundance of
rodent  burrows.  On  the  other  hand,  the  species  like  Praomys
delectorum have demonstrated the preference for  intact  forests,  thus
exhibiting  higher  composition  and abundance in  comparison to other
vegetation types (Ademola  et al., 2022).  Although small mammals are
widely  spread,  their  populations  have  geographical  ranges  that  are
limited by physical factors such as humidity, temperature or interactions
with other species (Baselga et al., 2012). These changes are influenced
by  both  independent  and  dependent  factors,  including  nutrient
limitations, climate extremes, predation and competition.

1.4 Species Coexistence and Dietary Composition 
The ecological perspective suggests that species coexist by exploiting
their differences. When the species share similar resources, they must
either  share  those  resources  or  partition  them  in  order  to  reduce
competition.  The  coexistence  mechanisms  such  as  abundant
resources, resource sharing, dietary differences, and foraging 
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strategies, aid in the coexistence of species within an area  (Perrin &
Kotler, 2005; Mulungu et al., 2011; Saar et al., 2018). Dietary variations
play  the  crucial  role  in  facilitating  resource  partitioning  and  reduce
competition  among  species  living  in  the  same  environment  (Meliyo
et al., 2015). Sympatric species rely on their utilization and partitioning
of available resources for coexistence. The theories of niche partitioning
and  niche  overlap  underlie  species  coexistence  (Pianka,1974).
Resources partitioning can involve shared resource among ecologically
similar species, thus resulting in resource or niche overlap. Ecosystem
with greater niche overlap is likely to support more species compared to
those ecosystems with narrow niche overlap (Porter & Dueser, 1982). 

 Assessing  diet  of  coexisting  species  provides  the  insights  into  the
mechanism of  their  coexistence.  Small  mammals  have diverse  diets
since they consume various plant and animal materials. The differences
in  food  resources  among  small  mammals  reduce  competition,  thus
allowing for  their  coexistence within a small  area.  Understanding the
dietary  composition  of  small  mammals  help  in  setting  conservation
initiatives for their food resources, thus contributing to their sustainable
conservation.  Therefore,  the  studies  on the diets  of  coexisting  small
mammals are essential for the forest conservation management.  The
research on  small  mammal  diets  in  sub-Sahara  Africa  has  primarily
focused on economically  importance species such as the pestiferous
rodent  Mastomys natalensis (Odhiambo  et al.,  2008;  Mulungu  et al.,
2011; Ademola et al., 2022). Despite their ecological significance, there
are few studies on small mammal diets in natural habitats and forests
(Clausnitzer et al., 2003; Ademola et al.,  2022). The knowledge of diet
partitioning and overlapping in mountainous forest small  mammals of
MRNFR lacks, and hence their coexistence patterns remain unknown.
Generally, the rodents are opportunistic feeders that consume a variety
of food types, including both plant and animal materials depending on
availability, habitat and season (Verde Arregoitia & D’Elía, 2021). 
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On the other hand, the shrews are carnivores, predominantly feeding on
invertebrates  (Rychlik,  2002).  Various  studies  have  shown  different
rodent species that exhibit preference for certain food types over others.
For  example,  G.  dolichurus was  found  to  prefer  fruits  and  plant
materials over invertebrates in a temperate forest study in South Africa
(Wirminghaus & Perrin, 1992) while Beamys sp. is known to store more
seeds than other food items (Hanney & Morris, 1962). The rodents tend
to  adapt  to  food scarcity  through  food  partitioning,  specialization,  or
altered foraging behavior  to reduce competition but when the food is
abundant,  they prefer  their  favored food sources  (Verde Arregoitia  &
D’Elía, 2021). 

1.5 Demographic Characteristics of Small Mammals and 
Associated Factors

Rodent population  demography is  subjected to fluctuations over time
and  these changes  are  driven  by  environmental  factors  like  climatic
condition  which  comprises  temperature,  humidity  and  rainfall  (Lin  &
Batzli, 2001; Getz  et al., 2007). In tropical regions, the rainfall plays a
crucial  role  in  regulating  demographic  processes  and  population
dynamics of small mammals (Massawe et al., 2012; Mason-Romo et al.,
2018). The population demography reflects individual performances in
terms  of  reproduction,  growth,  movement,  and  survival,  which  are
influenced  by  behavioral  and  physiological  responses  to  changing
environmental  conditions (Lin  &  Batzli,  2001). The  rainfall  has  a
particular strong association with population dynamics in tropical forests
due  to  the  high-water  availability  and  resulting  abundance  of  food
resources under the suitable climatic conditions. The altitudinal gradient
can  also  impact  the  sex  ratios,  breeding  patterns  and  population
dynamics of small mammals (Makundi et al., 2007) since each altitude
range is characterised by distinct environmental factors. The previous
studies have shown that species in low and mid-montane forests with
extensive canopy covers experienced fewer  predation pressures and
have greater access to food resources which can positively affect their 



9

population size and demographics (Grether et al., 2001). In contrast, the
higher  altitudes often have low canopy cover,  harsher  environmental
conditions  and  limited  food  abundance  and  diversity,  which  may
negatively impact population density of small mammals (Wegge et al.,
2012).

The sex ratios of  small  mammals  also vary across different  habitats
along the elevation  gradient  and seasons due to their  differences in
behavior, activities between sexes, and sex-specific mortalities (Delany,
1972; Avenant & Smith, 2004; Mlyashimbi  et al., 2020). Similarly,  the
age structure of population changes over time and it is influenced by the
breeding  patterns  (Happold  &  Happold,  1989;  Delany,  1972).  The
environment  influences  population  dynamics  through  its  effects  on
demographic  parameters  (Dobson  &  Oli,  2001). Therefore,
understanding  the  link  between  the  population  oscillations  and
underlying demographic parameters is essential for the comprehensive
understanding of species population dynamics (Lima et al., 2003; van
Benthem et al., 2017).

1.6 Problem Statement and Justification 
 The  conservation  of  landscape  requires  knowledge  of  available
resources and their status. Surveying and documenting flora and fauna
are crucial  for  ecological  preservation of  tropical  mountainous areas.
The tropical mountainous regions particularly the Mount Rungwe Nature
Forest Reserve in Tanzania are of significant importance due to their
high concentration of endemic plant and animal species as recognized
by the International Union for Conservation of Nature (IUCN). The IUCN
has identified several endangered or threatened tropical forest species
in  Tanzania.  The  referred  tropical  forest  species  include  Myosorex
kihaulei,  Otomys  uzungwensis (Udzungwa  Mountain),  Crocidura
desperate (Rungwe  Mountain)  and  Crocidura  tansaniana (Usambara
forest). Among those species, the small mammals are of particular 
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concern  among  the  conservationists  due  to  their  high  diversity,
reproductive  rate  and  spatial-temporal  distribution,  and  ecological-
economic significance (Verde Arregoitia & D’Elía, 2021). However, the
research  on  non-pestiferous  small  mammals  in  the  region  is
inadequate,  thus  hampering  the  implementation  of  effective
conservation measures.

The  climate  change  further  amplifies  the  urgency  to  prioritize
conservation efforts in altitudinal landscapes as it affects biodiversity by
influencing factors such as humidity, rainfall, water supply, temperature,
and distribution range (Muluneh,  2021). This is especially  relevant  in
highland  areas  where  climate  change  can  drive  species  to  shift  to
higher  altitude  zones,  thus  posing  risks  to  ecosystem  like  Mount
Rungwe forest (Foster, 2001; Engler et al., 2011). 

While small mammal ecology has been studied in various geographical
locations  worldwide  (Jorgensen,  2004;  Novillo  &  Ojeda,  2012,  2014;
Batsuuri & Lkhagvasuren, 2021), including East Africa  (Magige, 2013;
Michael et al., 2016; Lema & Magige, 2018 Ssuuna et al., 2020), the
research efforts in the highlands such as Kilimanjaro, Meru, Elgon, and
Eastern Arc Mountains (Clausnitzer & Kityo, 2001; Makundi et al., 2007;
Mulungu et  al.,  2008;  Stanley et  al., 2014;  Stanley & Kihaule,  2016)
have overshadowed the lesser-known mountains like Mount Rungwe.
Consequently,  there  is  a  research  gap  in  understanding  the
composition, diversity, coexistence and distribution of small mammals
species in MRNFR which is the nature reserve and water catchment
forest with limited information available. 

Moreover, the previous studies which were conducted in MRNFR have
predominantly  focused  on  vegetation,  large  mammals,  and  other
species, leaving small mammals less studied (Gravlund, 2002; Enghoff,
2017; Mwakisunga, 2017; de Luca & Mpunga, 2018). The studies on
small mammals in the area include the study by Hutterer et al. (1991) 
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which  revealed  an  endemic  and  endangered  Crocidura  desperate.
Another study focused on the biogeography importance of Livingstone
Mountain with inclusion of the data collected from MRNFR in 1987. The
referred study compared genetic structure of small mammals in the area
(Cuypers et al., 2022). The above studies on small mammals at Mount
Rungwe  were  short-term  studies  and  they,  in  total,  managed  to
document the following small mammals in Mount Rungwe Nature Forest
Reserve:  Crocidura desperate (shrews),  Fukomys whyte,  Dendromus
nyassae,  Hylomyscus  arcimontensis,  Lophuromys  machangui,
Mastomys  natalensis,  Montemys  delectorum,  Mus  minutoides,  Mus
triton,  Pelomys  falax,  Otomys  lacustris,  Rattus  rattus,  Rhabdomys
dilectus,  Graphiurus  sp. and  Paraxerus  lucifer (Rodents)  (Hutterer
et al., 1991; Cuypers et al., 2022).

The  threats  that  face  Mount  Rungwe  include  the  forest  fires,  pine
invasion,  illegal  hunting,  and  illegal  traditional  medicine  collections
(Mittermeier  et  al.,  2007;  Bracebridge  et  al., 2012;  Ojija,  2022).
Additionally,  there  is  scarcity  information  regarding  the  diet  of  most
forest  small  mammals  despite  its  significant  contribution  to  the
ecosystem.  Understanding  the  dietary  habits  of  these  species  is
essential  for  comprehending  the  mechanisms of  coexistence  among
sympatric  species  such  as  niche  partitioning.  Therefore,  this  study
aimed to  address  the research gap  by  conducting  a  comprehensive
investigation  of  small  mammal  ecology in  MRNFR which is  found in
Southern  part  of  Tanzania.  This  research  will  contribute  valuable
insights to effective management and conservation of the Livingstone
Forest  ecosystem  in  Mount  Rungwe  by  studying  the  composition,
diversity, diet, coexistence and population dynamics of small mammals.
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1.7 Objectives
1.7.1 Main Objective
The  general  objective  of  this  study  was  to  investigate  the  habitat
attributes  associated  with  the  small  mammal  population  in  Mount
Rungwe Nature Forest Reserve.

1.7.2 Specific Objectives
The specific objectives of this study were:

i. To determine small mammal species diversity, composition and
richness in different habitats along an altitude gradient;

ii. To  assess  the  influence  of  soil  properties  and  vegetation
characteristics on small mammal abundance along the altitudinal
gradient;

iii. To  examine  dietary  composition  as  a  mechanism  of  the
coexistence of rodent species along altitudinal gradients and 

iv. To  determine  the  sex  ratio,  breeding  pattern  and  population
dynamics  of  dominant  rodent  species  along  the  altitudinal
gradient.

1.7.3 Research Hypotheses 
i. The  small  mammals  diversity,  composition  and  richness  in

different  habitats  along the elevation  gradient  are significantly
higher in the mid-elevations following mid-domain effect. 

ii. The small  mammals  abundance  will  be  significantly  higher  in
areas with optimal microhabitat characteristics.

iii. The coexistence of  small  mammals is  influenced by resource
partitioning.

iv. The population dynamics and breeding patterns of rodents are
influenced by seasonal changes along the elevation gradient.
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1.8 Methodology
1.8.1 Study area
The study was  conducted  in  Mount  Rungwe  Nature  Forest  Reserve
which is a high category of  protected in  Tanzania.  It  is  found in  the
southern highland of Mbeya Region. The reserve encompasses 13 652
hectors and it is situated at the junction of the eastern and western arms
of East African Rift Valley. Forest elevation ranges from 1700 to 2960
meters above sea level. Climate of the area is characterised by tropical
climate  with  rainfall  ranges  from  900  -  2700  mm  with  temperature
ranges  from  -  60  C  in  cold  season  at  higher  elevations  to  290  C
(Williamson et al., 2014). The reserve has two major seasons including
wet  season starting  from November  to May and dry season starting
from  June  to  August  (Williamson  et  al.,  2014).  According  to  the
management plan of the reserve, MRNFR has three major elevation;
low elevation which lies from 1700 - 2000 m a.s.l characterised by Low
montane  forest  habitats,  mid  elevation  from  2000  -  2400  m  a.s.l
characterised  by  mid  montane  forest  habitat  and  a  line  of  montane
bamboo forest at higher elevation which is characterised by Montane
bushland, montane grassland and bare land at the top and stretches
from 2400 to 2960 m a.s.l. (URT, 2017).

1.8.2 Trapping of small mammals
Small mammals were trapped in different habitats along elevation from
2020 to 2022. The trapping sites of small mammals were chosen based
on  the  elevation  and  habitat  found  within.  Several  traps  were  used
including 300 Sherman traps, 60 pitfall  traps, 132 snap traps and 18
Havahart traps (Nicolous & Colyn, 2003: Mulungu et al., 2008; Stanley
et al., 2007; Stanley et al., 2014; Cuypers et al., 2022) Traps were 
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evenly distributed along the sampling localities. Depending on specific
objectives, each objective had its specific traps and sampling effort.
Minimum  abundance  thresholds  of  10  individuals  per  species  for
microhabitat  influence analysis  and five  individuals  for  diet  analysis
were established, ensuring statistical robustness  (Balčiauskas et al.,
2021).

Figure  1.1:  Map of Mount Rungwe Nature Forest Reserve (Richard,
2024)
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1.9 Thesis Structure 
The  thesis  comprises  six  chapters  which  are  briefly  described  as
follows:  Chapter  One  presents  the  introduction,  background
information  on  the  small  mammal  ecology  and  introduction  of  the
Eastern Afro-montane biodiversity Hotspot. Chapter Two investigates
the  composition  of  small  mammal  community  and  explores  the
influence  of  environmental  factors  along  the  altitudinal  gradient  of
Mount  Rungwe.  Chapter  Three  examines  how  the  microhabitat,
altitude  and  season  impact  the  abundance  of  non-volant  small
mammals in the Mount Rungwe nature forest reserve. An assessment
of  the  diet  composition  and niche overlap of  four  sympatric  rodent
species  on  Mount  Rungwe  nature  forest  reserve  is  presented  in
Chapter  Four.  Chapter  Five  investigates  the  population  dynamics,
breeding  pattern  and  sex  ratio  of  the  dominant  species  Montemys
delectorum on the Mount Rungwe nature forest reserve. Chapter Six
comprises the conclusion chapter which presents the summary of the
major findings, practical implications and recommendations for further
research and conservation efforts.

1.10 Study Limitations
i. The broader  altitudinal  gradient  was considered with  200 m

intervals along one altitude and other altitudinal grids. 
ii. Due  to  the  limited  resources,  accessibility  constrains  and

limited  size  and  number  of  trapping  grids  at  each  trapping
altitude,  not  all  potential  habitats  of  small  mammals  were
sampled.
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Abstract
The fluctuation in population of small mammals can be attributed to
changes in reproduction and survival caused by environmental factors.
Elevation  is  a  significant  natural  gradient  which  shape  animal
community  in  small  areas.  Rodents  in  natural  mountainous tropical
forest areas have abundant food resources and face less predation
pressure which potentially  impact  their  population  and demographic
parameters positively. However, there is limited information on rodent
demographics and population dynamics in elevational gradient areas.
This study aimed to generate information on demographic  structure
and population dynamics of soft-furred mouse  Montemys delectorum
which is the dominant rodent species on Mount Rungwe Nature Forest
Reserve (MRNFR). A Capture–Mark–Recapture study was conducted
along the elevation gradient (low, mid- and high elevations) using two
plots measuring 70 m by 70 m with 49 evenly spaced Sherman traps.
Monthly trapping took place for three consecutive nights from March
2020 to February 2022. Generalised Linear Model analysis revealed
significantly  higher  population  density  estimates in  low (Est.± SE =
1.37 ± 0.077, Z = 17.85, p = <2e-16) and mid-elevations (Est.± SE =
1.408  ±  0.076,  Z  =  178.435,  p  =  <2e-16)  compared  to  higher
elevations. Additionally, population density during the wet season was
significantly  higher  (Est.±  SE  =  0.167  ±  0.04707,  Z  =  3.55,  p  =
0.00038)  compared  to  dry  season.  Furthermore,  incorporation  of
season  effect  on  elevation  model  showed  significantly  higher
population density in low elevation during wet season (Est ± SE = -
0.359 ±0.16, Z = -2.189, p = 0.0286). On the contrary, there was no
significant difference in mid-elevation during the same season (Est ±
SE = -0.3065 ± 0.1638, Z = -1.87, p = 0.0614).

The model indicated that juveniles were influenced by seasons with
significantly higher density during wet season (Est ± SE = 0.3851 ±
0.078, Z = 4.929, p = 8.4e-07) while adult population density was not
influenced by seasonal changes (Est ± SE = 0.015 ± 0.059, Z = 0.25, 
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p  =  0.02795).  Overall,  juveniles  were  strongly  affected  by  both
elevation  and  season  while  adults  were  only  affected  by  elevation
gradient. Results also showed significantly higher population density of
females than males in mid-elevation (χ2 = 51.84, p = 0.0005) with sex
ratio 0.58 while low and high elevation sex ratio was 1:1. Additionally,
wet season recorded significantly higher female density (χ2 = 225.65,
p  =  2.37  e-27)  than  dry  season.  Breeding  females  were  present
throughout  trapping  seasons  but  they  demonstrated  significantly
higher density during wet season (Est ± SE = 1.0498 ± 0.1863, Z =
5.634,  p  =  1.76e-8).  Moreover,  low-  and  mid-elevations  recorded
significantly  higher  numbers  of  breeding  females  than  higher
elevations.  The results suggest  rainfall  and elevation gradient to be
factors that influence varying population abundance, sexual activities
and sex ratio of M. delectorum at MRNFR.

Keywords:  Rodents,  elevation  gradient,  rainfall,  reproduction,
population

5.1 Introduction
Rodents exhibit  significant  population  fluctuations in  various spatial-
temporal  situations.  Such  population  dynamics  are  influenced  by
underlying demographic parameters such as population size, density,
age structure, fecundity, mortality, and sex ratio (Dobson & Oli, 2001).
The variations in the community structure of these small mammals can
be attributed to the changes in environmental variables due to their
sensitivity  to  even  slight  alteration  in  environmental  conditions
(Avenant & Smith, 2004; Ofori et al., 2016). The population dynamics
of small  rodents are driven by changes in their reproductive and/or
survival rates which are assumed to be crucial variables in explaining
temporal and spatial differences in rodent population fluctuation (Getz
et  al.,  2007).  The  litter  size,  male/female  proportion,  proportion  of
pregnant females, age at sexual maturity, length of reproductive period
and survival rate are among the variables associated with differences
in density peak and amplitude fluctuations. The environmental factors, 
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both biotic and abiotic, have a significant influence on the dynamics of
small  rodent  populations.  Such  factors  include  the  habitat  quality
(cover  and  food),  predation  and  climatic  factors  such  as  rainfall,
humidity and temperature (Lin & Batzli, 2001; Getz et al., 2007). 

The impactful changes in any of the habitat quality (cover and food),
predation and climatic factors during the cycle can lead to fluctuations
in  the  reproductive  rates.  This  mechanism  can  be  significant  in
explaining the changes in  rodent  population  fluctuation  (Norrdahl  &
Korpimäki, 2002). However, the rainfall emerges as the fundamental
factor  driving  the  population  dynamics  of  small  rodents  in  tropic
climates.  The  rainfall  triggers  the  primary  productivity  (food
availability), thus leading to high reproductive rates. Additionally,  the
rainfall  increases  the  canopy  cover,  thus  providing  rodents  with
protection  against  predators  (Joneidi  et  al.,  2020).  Therefore,
establishing  a  connection  between  the  population  fluctuations  and
underlying  environmental  factors  such  as  rainfall  which  affects  the
demographic  parameters  is  crucial  for  gaining  an  understanding  of
population dynamics. 

In  an  environment  with  distinct  seasons,  the  seasonally  structured
population  model  offers  a  better  understanding  of  the  interplay
between the demography and population dynamics. The seasonality
reveals that the small rodent population undergoes significant changes
between two distinct  seasons.  The wet  season is  characterised  by
high population of reproductive individuals while the dry season sees
the  high  population  of  non-reproductive  individuals.  The  population
growth  and  density-dependent  factors  such  as  diseases,  predation
and competition also vary between the two seasons.  This  variation
may  be  attributed  to  the  occurrence  of  reproduction  peaks  in  one
season and differing survival  rates influenced by variables available
during each season (Merritt et al., 2001).
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The demographic changes in small mammals have been extensively
studied by scholars worldwide  (Krebs & Myers, 1974; Dobson & Oli,
2001; Oli & Dobson, 2001; Ecke  et al., 2002; Norrdahl & Korpimäki,
2002). In East Africa, for instance, there have been studies on small
mammal  demography  with  a  particular  focus  on  economically
important pestiferous rodents  (Makundi  et al., 2009; Massawe  et al.,
2011;  Mulungu S & Lopa,  2016;  Mayamba  et  al.,  2021).  However,
there have been only a few studies on demographic characteristics of
forest  rodents  (Makundi  et  al.,  2007a;  Mayamba  et  al.,  2021).
Therefore,  the  population  dynamics  and  demography  of  rodent
species  inhabiting  most  Tanzanian  forests,  especially  protected
highland areas, remain undocumented. Furthermore, the community
structure of these species is less understood.

This  study  aimed  to  investigate  the  population  structure,  breeding
pattern  and  sex  ratio  of  Montemys  delectorum in  the  MRNFR  in
relation  to  elevation  and  seasonal  changes.  There  is  limited
information regarding the basic ecology of M. delectorum which is the
most  abundant  and  dominant  species  in  the  area  (Richard  et  al.,
2022).  Understanding  the  relationship  between  the  rainfall  patterns
(seasons),  elevations,  rodent  population  abundance  and  breeding
cycle  in  MRNFR  will  provide  the  baseline  data  on  the  community
structure of the species. Additionally, it will assist in making informed
management decisions and guiding future research on small mammal
in the study area.

5.2 Methodology
5.2.1 Study Site
The study was conducted at Mount Rungwe Nature Forest Reserve
which is located at the junction of the Eastern and Western Arms of
the East African Rift Valley. The reserve covers approximately 13,652
ha and it is situated in the Southern highlands of Tanzania, specifically
in Mbeya Region between 90 03′ - 90 12′S and 330 35′ - 330 45′E. The 
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altitudinal gradient in the area ranges from 1700 to 2960 m a.s.l. The
tropical  climate is characterised by wet and dry season.  During the
cold  season,  the  lowest  temperature  recorded  is  -60  C  while  the
highest temperature recorded during the hot season reaches 290  C.
The annual rainfall varies between 900 mm and 2700 mm (Williamson
et  al.,  2014).  The  area  encompasses  several  habitats  along  the
elevation  gradient.  The  Low  Mountainous  Forest  (LMF)  is  found
between 1700 to 2000 m a.s.l and it is dominated by the  Afrocrania
volkensii  (Harms)  Hutch,  Ficus  capensis,  Cyathea  deckenii
Tabernaemontana  stapfiana,  Albizia  gummifera  and Macaranga
capensis  var  kilimandscharica. The  mid-  montane  forest  occupies
elevation range from 2000 to 2400 m a.s.l. and it is characterised by
the  dominant  species  such  as  Tabernaemontana  stapfiana,
Cassipourea  gummiflua  and  Prunus  Africana.  There  is  a  montane
bushland  habitat  dominated  by  Embelia  schimperi,  Pteridium  sp.,
Afrocrania  volkensii,  Cyperus,  Hagenia  abyssinica,  Bamboo nutans
and Maesa lanceolata at the mountain top above 2500 m a.s.l. Some
areas at 2600m a.s.l. exihibit a line of bamboo forest which is primarily
dominated by Bamboo mutans. The elevation gradient is defined in the
Mount  Rungwe  Nature  Forest  Reserve  Management  Plan  (URT,
2017).  Trapping of  small  mammals was conducted at  three distinct
elevations,  namely  low elevation  (LE),  mid-elevation  (ME) and high
elevation (HE).

5.2.2 Trapping of Small Mammals
The Capture Mark Recapture technique was employed to capture the
rodents  from  March  2020  to  February  2022.  Sherman  traps  were
utilized within 70 m X 70 m permanent grids positioned along each
elevation gradient. A total of 49 Sherman LFA live trap (H.B. Sherman
Traps Inc.,  Tallahassee,  FL) were set up in each grid.  These traps
were deployed for three consecutive nights per month over a period of
twenty-four months. They were baited with a mixture of peanut butter
and maize flour and were checked every morning. The collected data 
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included  the  information  on  trapping  station,  species,  sex,  weight,
reproductive  status,  and  age  class  determined  by  weight
measurement (Stanley et al., 1998; Makundi et al., 2007b). Each grid
consisted seven parallel lines spaced 10 m apart with seven trapping
stations per line which were also separated by 10 m. 

The classification  of  age structures distinguished between juveniles
and adults was based on the body weight. The presence of juveniles
indicates the recent reproduction with individuals weighing less than
20g,  which  are  classified  as  juveniles.  It  also  indicates  individuals
weighing more than 20g, which are categorized as adults. The sub-
adults were included in the adult categories. 

The sex ratio represented the proportion of males to females within the
overall population and it was found to favour females due to ability of
single males to impregnate multiple females within a breeding season
and maintain reproductive activity throughout  the seasons (Mulungu
et  al.,  2013).  In  determining  the  breeding  conditions  for  males,  an
observation  was  made  regarding  scrotal  and  abdominal  structure
visibility, thus assessing whether they were visible, not visible, large,
or small. The examination for females focused on the presence of the
perforated vagina and signs of lactating or pregnancy (Makundi et al.,
2007b). The breeding pattern of sexually active female rodents was
determined by establishing the proportion of active versus non-active
females in each month and at each elevation. The breeding patterns in
females  were  determined  following  Leirs  (1995)  based  on  the
observation of physiological conditions rather than typical behaviour.
The  female  rodents  were  considered  sexually  active  if  they  had  a
perforated  vagina,  pregnancy  or  exhibited  swollen  nipples.  The
identification of the species was conducted using relevant keys and
recent data (Happold, 2013; Ara et al., 2015) and mitochondrial DNA
from toe tissue sample which was sequenced to confirm the species.
The  rainfall  data  were  measured  and  recorded  from  the  weather
station within the reserve. 
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5.2.3 Data Analysis
The  population  was  estimated  using  the  Minimum  Number  Alive
(MNA)  method  which  takes  into  account  the  actual  number  of
individuals caught at a time (t) (Nu) and those present but not caught
at  a  time  (t)  and  subsequently  caught.  The  MNA is  calculated  as
MNA = Nu + Ns (Krebs, 1966). The sex ratio (SR) was calculated as
SR = (Nf/(Nf + Nm))
Where: SR = Sex ratio, Nf and Nm = the number of females and males
collected from within a population.
 
To assess the significance of differences in M. delectorum abundance
across the elevations and seasons, a Generalised Linear Model (GLM)
with Poisson distribution was applied. The “me4” package  (Karim &
Zeger, 1992) in R software (R Core, 2020) was used for this analysis.
The influence of  season (wet  and dry season),  elevation (low, mid-
and high elevations) as well as their combination and interaction on M.
delectorum population abundance was examined. Chi-square test was
employed to compare the abundance of males and females across the
elevation  gradients  and  seasons.  The  descriptive  bar  graphs  were
created  in  order  to  illustrate  the  variation  in  population  abundance
along  the  elevation  gradient  and  over  the  months  in  the  different
trapping years. 

5.3 Results
5.3.1 Population Structure, Dynamics and Sex Ratio
5.3.1.1  Population Structure and Dynamics
Total  individual  collected  for  a  period  of  24  month  was  1,922  M.
delectorum. The population abundance of  M. delectorum exhibits the
temporal  and  spatially  variation  across  the seasons and  elevations
within MRNFR. The GLM model indicates that both the elevation and
season significantly influence the abundance of M. delectorum. During
the  wet  season,  the  abundance  of  M.  delectorum was  higher
compared to dry season (Estimate ± SE = 0.16715 ± 0.04707, Z =
3.551 p = 0.000384). Furthermore, the population was higher at low 
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elevation (Estimate ± SE = 1.36973 ± 0.07673, Z = 17.85 p = <2e-16)
and mid- elevation (Estimate ± SE = 1.40835 ± 0.07644, Z = 178.43 p
=  <2e-16)  compared  to  higher  elevations.  The  highest  number  of
individuals was captured during the wet season covering the period
from November to March while the lowest number of individuals was
observed  during  the  dry  season  covering  the  period  from  July  to
October (Figure 5.1). 

Figure 5.1: Population  dynamics  of  M.  delectorum in  different
months and elevations at Rungwe Mountain (LE- Low-
elevation, ME- Mid-elevation and HE-high elevation)

The  population  of  M.  delectorum is  influenced  by  the  season  and
elevation.  The  population  shows  positive  correlation  with  the  wet
seasons of the year. Additionally, the elevation plays a role with low
and mid- elevations exhibiting higher populations compared to higher 
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elevations. The interaction between the season and elevation had a
significant  impact  but  it  was  weaker  than  the  effect  of  individual
variables (Table 5.1).

Table 5.1: Summary of Poisson GLM on season and elevation 
influence on M. delectorum abundance at MRNFR

  Estimate
std error 

z
Z

value
Pr

(>|z|) 
Intercept 2.18324 0.06852 31.86  <2e-16 ***
Seasonwet 0.4643 0.1482 3.134 0.0017 ***
ElevationLE 1.6034 0.1349 11.885  <2e-16 ***
ElevationME 1.6094 0.1348 11.936  <2e-16 ***
seasonwet:elevationLE -0.3594 0.1642 -2.189 0.02863*
seasonwet:elevationM
E -0.3065 0.1638 -1.871 0.006137

A high number of juveniles were observed between December (early
wet  season)  and  March  (wet  season)  with  peak  abundance  in
December  (Figure  5.2a).  In  contrast,  the  pattern  for  the  adult
population was less defined, thus showing several fluctuating peaks
and declines (Figure 5.2b). The GLM model indicated that the juvenile
population  was  significantly  influenced  by  seasonal  variation
throughout the year (Estimates ± SE = 0.3851 ±0.0782, Z = 4.924, p =
8.47e-07) while the adult population was not significantly influenced by
seasonal variation (Estimates ± SE = 0.01530 ±0.05890, Z = 0.26, p =
0.795).  

The population of M. delectorum at MRNFR is also influenced by the
elevation gradient with significantly higher population observed at low
and mid- elevations compared to higher elevations (Table 5.1). The
interaction  between  the  season  and  elevation  did  not  have  the
significant  effect on the population of adult  M. delectorum  (p>0.05).
However, there was a significant interaction (Est. ± SE = -0.5577 ±
0.2572, Z = -2.168,  p = 0.030134) for the juvenile population, thus 
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indicating that the notable number of juveniles were observed at lower
elevations  during  the  wet  period.  It  is  important  to  note  that  the
influence resulting from variable interactions was weaker compared to
when the variables independently influenced the population.  

(a)

(b)
Figure 5.2 (a & b): Juvenile and adult population dynamics at MRNFR
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5.3.1.2 Sex Ratio
The sex ratio of  Montemys delectorum at MRNFR was calculated to
be  0.5104.  The  significant  deviation  from  equal  proportional  was
observed along the elevation gradient, particularly at the mid-elevation
where a sex ratio of 0.58:0.42 (female to male) was recorded (Figure
5.3).  This  indicates  high  number  of  females  captured compared  to
males in mid-elevation. Conversely, the female to male proportion at
both low and high elevations was insignificance with the sex ratio of
0.45 in low-elevation and 0.47 in high elevation observed. During July
and August in the second year of capture at high elevation, there was
no  female  M.  delectorum individual  which  was  notably  captured
(Table 5.2).

Figure 5.3: Sex ratio distribution of females M. delectorum at MRNFR
(LE – Low - elevation, ME – Mid- elevation and HE- High elevations)

The sex ratio of 1:1 was observed in both wet and dry seasons in the
low  and  higher  elevations,  thus  indicating  an  equal  proportion  of
females and males across the seasons. 
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However, in the mid elevation a sex ratio of 0.58:0.42 with a significant
high number of females (χ2 = 51.84, p = 0.0005) was observed. The
wet season exhibited the notable difference in the number of females
(χ2 = 225.65, p = 2.37 e-27) and males (χ 2 = 111.55, p = 1.912 e-08)
compared to the dry season. Specifically, the number of females was
considerably higher than the number of males during the wet season
in the mid-elevation.  However,  there were no significant  differences
observed  in  the  number  of  individual  M.  delectorum  females  and
males captured during the dry season (Table 5.2). 

Table 5.2: Sex ratio of M. delectorum between wet and dry seasons
along elevation (LE - Low elevation, ME - Mid- elevation
and HE – Higher elevation)

Elevation   LE   ME   HE
Season DRY WET DRY WET DRY WET
Female 158 213 175 331 24 76
Male 172 287 155 210 42 71
Sex ratio 0.48 0.43 0.53 0.61 0.36 0.52
χ 2 3.34 7.13 8.19 38.82 8.33 9.41
P VALUE 0.9490 0.8955 0.5152 0.0002** 0.5013 0.7410
* It indicates that the female to male ratio significantly differs from 1:1
at **p < 0.01,  *p < 0.05.

5.3.2 Breeding Pattern
The  temporal  variations  in  the  proportions  of  reproductively  active
females were observed across all elevations (Figure 5.4) in attempt to
show the prominent peaks between November and May in the low and
mid-elevations  and  between  September  and  March  in  the  higher
elevations.  However,  there  were  no  sexually  active  females  which
were recorded across  all  elevation  gradients  during certain  months
such as August, 2020, June, 2021 and July, 2021). (Figure 5.4). 
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Figure 5.4: Variation of active reproductive abundance and non-
active M. delectorum in MRNFR

The  effect  of  season  on  reproductive  females  was  found  to  be
significant  as  high  number  of  actively  reproductive  females  were
recorded during the wet seasons (Est ± SE = 1.0498 ± 0.1863, Z =
5.634,  p  =  1.76e-8).  The  elevation  also  had  an  influence  on  the
breeding population with significantly  higher  number of  reproductive
females observed at low elevations (Est. ± SE = 1.4843 ± 0.2686, Z =
5.526, p = 3.28e-08) and mid-elevations (Est. ± SE = 1.6441 ± 0.2649,
Z  =  6.206,  p  =  5.44e-10)  compared  to  high  elevation.  Variation
between active and non active female was observed in mid-elevation. 

5.4 Discussion
5.4.1 Population Structure, Dynamics and Sex Ratio of M. 

delectorum
5.4.1.1 Population Structure and Dynamics
In  the  current  study,  the  significant  differences  in  the  population
structure of M. delectorum in MRNFR were observed. The results of  



81

the study demonstrated that the population of  M. delectorum varied
along an elevation gradient with higher numbers observed in low and
mid-elevations. Additionally, the study found out that the population of
M. delectorum fluctuated throughout  the year  with significant  peaks
occurring during the wet seasons. This pattern may be attributed to
high productivity  of  the  area which is  influenced by the substantial
annual rainfall reaching up to 3000 mm (Williamson et al., 2014). The
previous  studies  have  indicated  that  rainfall  plays  a  crucial  role  in
triggering  primary  productivity  and  subsequently  increasing  the
abundance  of  primary  and  secondary  consumers  such  as  rodents
(Linger  et al.,  2020;  Ritter  et al.,  2020).  For instance,  the study by
Ernest  et  al.  (2000)  which  was  conducted  in  Mexico  reported  a
correlation  between the rodent  populations,  precipitation,  vegetation
cover and plant production. Similarly, Joneidi et al. (2020) found out a
positive  relationship  between  the  canopy  cover  and  population
increase  of  small  mammals,  which  is  influenced  by  precipitation
availability. The findings of the current align with the findings by Linger
et  al.  (2020);  Ritter  et  al.  (2020):  Joneidi  et  al.  (2020)   in  that  the
population of  M. delectorum increases during the wet season due to
the  availability  of  the  food  and  cover  resources  associated  with
increased  rainfall.  Furthermore,  the  higher  abundance  of  M.
delectorum was  observed  in  low  and  mid-  elevations  compared  to
higher  elevations.  This  can  be  attributed  to  the  greater  resource
availability in low and mid- elevations while harsh climatic condition in
the higher elevations limits resource supply.  Benedek & Sîrbu (2019)
also  reported  lower  populations  of  the  small  mammals  in  upper
elevations due to environmental limiting factors when compared to low
elevations.

Regarding  the  response  of  the  juvenile  and  adult  populations  to
changes  in  elevation  and  seasons,  the  study  found  out  that  they
exhibited different patterns. Adult population showed significant 
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changes in its abundance with response to elevation but not between
seasons.  In  contrast,  the  juveniles  showed  significant  changes  in
abundance  in  response  to  both  the  elevation  and  seasons.
Specifically, the high population of juveniles was observed during the
wet season. A peak of juvenile population in October, 2021, which is a
dry month,  was possibly  influenced by the precipitation in  July and
August in the same year. The high primary productivity during the wet
season  is  likely  to  promote  the  higher  rate  of  reproduction,  thus
increasing  the population  of  juveniles.  Such findings  are consistent
with the study findings by Pucekz et al. (1993) which was conducted in
Bialowieza National Park where they observed a significant proportion
of juveniles during the spring time, which was attributed to favorable
climatic  condition  and  increased  primary  productivity.  Similarly,  the
study  by  Omogbeme  &  Oko  (2018) which  was  conducted  in  the
lowland tropical rainforest ecosystem of Okomu National Park reported
a high number of juveniles during the wet season, which corresponds
to  young  recruitments  in  that  season.   In  contrast,  the  number  of
juveniles decreased during the dry period, the practice which may be
influenced  by  the  changes  in  climatic  condition.  For  instance,  the
months of June and July experience frigid dry periods with a drop in
temperature up to - 060  C, thus potentially impacting on the juvenile
survival.  The GLM model  revealed that  the interaction between the
season  and  elevation  significantly  affected  the  juvenile  population,
particularly  with  higher  population  in  low  elevations  during  the  wet
period. However, the effect of the interaction between the season and
elevation on adults was not significant.  

5.4.1.2 Sex Ratio of M. delectorum
The  analysis  of  sex  ratio  in  different  elevation  gradients  revealed
interesting patterns in the population of M. delectorum. The sex ratio in
both low and upper elevations was not significantly different with an
equal proportion of females and males. However, a notable difference 
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in sex ratio with a higher number of females was observed in the mid-
elevation  compared  to  males  (Table  5.2).  The  finding  in  question
suggests a skewed sex ratio towards the females in the mid-elevation
habitat.  Additionally,  the seasonality was found to influence the sex
ratio,  particularly  in  the  mid-elevation.  During  the  wet  season,  the
number of females captured was significantly higher than the number
of males, thus resulting in a sex ratio of 0.61. This observation aligns
with previous studies that  have reported increased females’  activity
and  foraging  behavior  during  breeding  periods,  thus  leading  to  a
higher  likelihood  of  capturing  females  (Steinlechner  &  Puchalski,
2003). 

5.4.2 Breeding Population of M. delectorum
The breeding populations were determined based on the presence of
the  active  females  exhibiting  signs  of  breeding  such  as  perforated
vagina, swollen nipples and indications of lactation or pregnancy. The
findings of the current study revealed that the breeding population of
M. delectorum displayed the fluctuations throughout the year with the
females exhibiting reproductive activity year-around. This continuous
breeding  activity  can  be  attributed  to  the  favourable  environmental
condition in the study area, which is characterised by ample rainfall
and consistent  primary productivity  throughout  the year  (Williamson
et al., 2014). However, at higher elevations which are characterised by
harsh climatic  conditions,  including cold temperatures,  the breeding
populations of  M. delectorum was lower. This is consistent with the
previous studies which indicate that the rodents and mice generally
prefer  temperatures  ranging  from  210C  to  240C  (Robertson  &
Wilsterman, 2020; Dantas et al., 2021). 

The integration of  the season and elevation  variables  in  the model
demonstrated  a  significant  difference  in  the  breeding  population  of
females,  which was particularly  observed at  the mid-elevation.  This
suggests that the environmental conditions such as rainfall and 
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temperatures, which are associated with different  elevations,  play a
significant role in influencing the breeding dynamics of M. delectorum.
The rainfall, for example, contributes to increased food availability and
cover,  which  positively  correlate  with  higher  breeding  activity.
Conversely, the temperature influences the physiological processes of
the species with moderate temperature which support  the breeding
activity while extreme hot or cold temperature can suppress or halt the
breeding activity.  During the cold periods,  the small  mammals face
strong energy constraints due to the trade-off between energy needed
for  thermoregulation  and  reproduction  (Steinlechner  &  Puchalski,
2003).  Generally,  the  energy  resources  are  primarily  allocated  to
thermoregulation with any excess energy available for reproduction.
This could explain the lower breeding population observed during the
harsh climatic conditions such as cold periods.  

5.5 Conclusion
In  conclusion,  the  population  dynamics  and  breeding  patterns  of
Montemys delectorum in the MRNFR are influenced by the length of
the breeding season, which is determined by the rainfall and elevation.
The findings in question contribute to the researchers’ understanding
of  the  ecological  factors  shaping  the  population  structure  of  M.
delectorum  and  emphasize  the  importance  of  considering  both  the
spatial  and  temporal  variations  in  the  population  dynamics.  The
species  is  capable  of  occupying  all  the  elevation  gradients  in  the
mountainous environment but with higher populations observed in the
low and mid-elevations. The study highlights the seasonal population
changes  of  M.  delectorum with  a  positive  correlation  between  the
rainfall  and  population  growth  due  to  increased  vegetation.  This
emphasizes  the  need  for  year-round  management  of  the  M.
delectorum population  in  the  MRNFR  considering  the  continuous
reproduction and population growth which are facilitated by the ample
rainfall throughout the year. The findings can also serve as the model
for managing the rodent pests in the surrounding areas with similar 
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climate  and  rainfall  patterns.  Additionally,  the  study  reveals  the
presence  of  the  active  breeding  females  throughout  the  year  with
peaks  observed  during  the  wet  seasons,  thus  suggesting  the
significant  role  of  food  availability  in  the  breeding  cycle  of  M.
delectorum. Such findings can inform the management about the plan
for Rungwe Mountain and contribute to the understanding of the small
mammal dynamics in the area. 
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CHAPTER SIX

6.0 GENERAL DISCUSSION, CONCLUSION, IMPLICATION 
AND RECOMMENDATION

6.1 General Discussion 
A total of 12 small mammal species were recorded in different habitats
along  the  altitudinal  gradient  at  MFRNR,  which  comprised  nine
species from Rodentia and three species from Soricomorpha orders.
Total  individuals  collected for  the entire study were 3 184 including
953 individuals for objective one, 444 individuals for objective two, 171
for objective three and 1 922 individuals for objective four.  Praomys
delectorum  collected for  objective  two were also  used for  objective
four. The majority of the rodents were trapped using Sherman, Snap
and Havahart traps while most of the shrews were recorded in pitfall
traps.  The  species  collected  in  this  study  included  Beamys  hindei,
Cricetomys ansorgei, Montemys delectorum, Lophuromys machangui,
Grammomys cometes,  Mus triton,  Dendromus nyassae,  Graphiurus
sp., Hylomyscus arcimontensis, Crocidura luna, Crocidura Olivier and
Myosorex kihaulei.  However, some previously observed species such
as  Otomys  lacustris  and Rhabdomys  dilectus from Mount  Rungwe
were not observed in this study. Additionally, the number of Mus triton
observed in this study was lower than the previously recorded number
in 1987 (Cuypers et al., 2022) which indicates the decline in population
of the species. On the other hand, several species, including Beamys
hindei, Cricetomys ansorgei, Grammomys cometes, Crocidura olivier,
Crocidura luna, Graphiurus sp. and Myosorex kihaulei  were recorded
for the first time in the Rungwe mountain area. The Myosorex kihaulei
was previously reported as endemic to Udzungwa Mountain and it is
currently listed as the endangered species due to habitat loss.

The  observed  differences  in  the  composition,  abundance,  richness
and diversity along the elevation gradient  in Mount Rungwe Nature
Forest Reserve indicate that the changes are significantly influenced 
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by  the  habitat  characteristics,  climate  variations  and  altitudinal
gradient.  The  observed  differences  in  the  small  mammals  species
composition  along  the  elevation  gradient  can  be  attributed  to  the
changes in environmental variables, including abiotic and biotic factors
such  as  the  vegetation  composition,  cover  and  microclimate  which
vary along the gradient. The mid-elevation which is characterised by
the  forest  montane  vegetation  exhibited  the  highest  species
abundance, composition and diversity. This finding can be explained
by the mid-domain effect  which suggests that  mid-elevation tend to
offer more favorable climatic conditions for species growth (McCain,
2004). Other studies such as that by Rahman et al. (2021) have also
reported the variations in abiotic and biotic characteristics along the
elevation  gradient  as  factors  contributing  to  differences  in  small
mammal composition. However, the species richness did not show the
likely significant differences across different habitats and seasons due
to high rainfall in the area, thus ensuring sufficient food supply, shelter,
and cover for small mammals. They will reduce the competition and
allow for the greater number of species in all seasons.

The  Montemys  delectorum emerged  as  the  most  abundant  and
dominant  species  across  the  elevation  gradients,  habitats  and
seasons. Its high abundance can be attributed to its adaptability to the
environment as adaptable species tend to dominate in a given area
(Devi & Jain, 2020). The Montemys is a forest-dwelling species which
exhibited  particularly  high  abundance  in  the  mid-elevation  montane
forest habitats. The dominance of M. delectorum over other species in
the forested area has been documented by other scholars such as
Lema & Magige (2018);  Gebrezgiher  et al.  (2022);  Mwasapi  & Rija
(2022). 
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The results have also showed that the different small mammals have
different  microhabitat  requirements.  For  instance,  being  the  forest-
dwelling  species,  the  Montemys  delectorum was  more  frequently
captured in grids with abundant trees and less frequently captured in
open vegetation grids at higher elevations such as those placed on the
herbs  and  grasses.  Other  studies  by  Ademola  et  al.  (2022)  and
Gebrezgiher et al. (2022) have also demonstrated the M. delectorum’s
preference for forested areas with high number of trees. On the other
hand, the species like  L. machangui were collected in the grids with
abundant  herbs  and  grass  vegetation  and  low  canopy  cover.  The
abundance  L.  machangui increased  with  elevation  which  was
attributed  to  the  specific  habitat  and  microhabitats  found  in  higher
elevations which are characterised by the dominant herbs, shrubs and
grass. Similar findings of  Lophuromys’ high abundance in herbs and
grassland vegetation were reported by (Clausnitzer  et al., 2003) who
reported an abundant population of Lophuromys up to 4200m a.s.l. in
Mount Elgon where the dominant shrubs and grassland were present.
Ssuuna  et  al.  (2020)  also  recorded  a  significant  number  of
Lophuromys in  the regenerated habitats  with fewer trees and open
canopy cover compared to intact forests. 

In  addition  to  differences  in  microhabitat  requirements,  the  small
mammals  in  MFRNR  exhibited  the  niche  diversification  as  the
mechanism  for  coexistence.  The  variety  and  availability  of  food
resources  which  are  consumed  by  sympatric  rodents  reduce
competition and facilitate the coexistence in the MRNFR ecosystem.
The  food  categories  consumed  by  sympatric  rodents  include  the
seeds/grains,  leaves,  stems, roots,  invertebrates and hairs.  Despite
the fact that all species consume a diverse range of food resources,
some  species  show  a  remarkable  preference  for  certain  food
resources  over  others.  For  example,  the  Beamys  hindei consume
more seeds than other food resources. This is attributed to its 
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behavious as pouched rats that use their pouches to carry and store
seeds for extended period (Hanney & Morris, 1962; Happold, 2013).
   
The Lophuromys machangui and Grammomys dolichurus also had the
higher proportion of invertebrates in their diet. The Lophuromys which
is found in the areas with abundant herbs and grass and high ground
cover encounters more invertebrates in its diet compared to other food
types such as seeds and leaves.  Other studies have also reported
Lophuromys’  feeding  on  invertebrates  (Ademola  et  al.,  2022;
Clausnitzer et al., 2003). The G. dolichurus were predominantly caught
in the tropical high-altitude bushland and tropical moist lowland forests
which may have high invertebrate diversity compared to other food
categories. However,  Grammomys dolichurus in other locations have
been reported to feed on the fruits, plant materials  (Wirminghaus &
Perrin, 1992) and seeds (Varty, 1990). This suggests that the rodent
feeding behavior is heavily influenced by food availability (Lunghi  et
al., 2020). The observed low niche breadth and population density for
G.  dolichurus indicate  that  the  species  is  a  specialist  and  it  has
relatively  few food  resources  that  it  can  consume.  In  contrast,  the
moderate  niche  breadth  for  Praomys  delectorum,  Lophuromys
machangui  and Beamys  hindei  indicates  that  these  species  are
generalist  and have a wider  range of  food options.  Several  studies
such as that  by Harmáčková  et al.  (2019)  have clearly  shown that
highly specialized species are characterised by low population density.
As a result, the observed diet overlap is a result of the abundance and
diversity of  food resources consumed by these species.  Reid  et al.
(2013) reported that high trophic niche overlap occurs when food is
abundant,  thus leading to a decline  in interspecific  competition and
enabling species to feed without significant competition. Therefore, the
food  resource  availability  largely  regulates  the  niche  breadth  and
overlap of species and when the resources are abundant, the species
coexistence with minimal competition. 
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Additionally,  the population structure and dynamics of the dominant
species  which  was  the  most  abundant  species  in  the  area  were
analyzed.  The  dominant  species  have  significant  influence  on  the
occurrence  and  distribution  of  other  organisms  by  sharing  the
available resources. Highly abundant species within the communities
are  often  expected  to  have  strong  effects  on  ecological  processes
such  as  food  web structure  and  ecosystem function  (Avolio  et  al.,
2019). In the case of MRNFR, the dominant small mammal species
was the soft-furred mice, Montemys delectorum, which exhibited high
abundance  throughout  all  seasons  and  along  the  entire  elevation
gradient. The high abundance of  M. delectorum may be attributed to
interspecific  competition  which  leads  to  differences  in  abundance
among  the  species  and  it  enables  highly  competitive  species  to
successfully  colonize  the  area.  The  population  of  Montemys
delectorum varied spatially  along elevation  and temporally  between
seasons. We observed greater population at low and mid- elevations
compared to higher elevations which could be due to environmental
and climatic factors in the area. The low and mid-elevations provide
ample resources, including food and cover, for small mammals while
the higher elevations are characterised by environmental and climatic
limiting factors such as lower temperature, intense humidity and rocky
soil, thus resulting in reduced food resources and cover (Richard et al.,
2022). 

The presence of high canopy cover reduces predation risks (Rey  et
al.,  2002;  Rose  et  al.,  2020).  The  increased  population  of  M.
delectorum during  the  wet  seasons  was  attributed  to  the  higher
primary productivity, thus resulting from increased rainfall. The rainfall
triggers  the  vegetation  growth  which  leads  to  an  increase  in  food
resources and cover for the animals. Some studies such as that by
Ernest et al. (2000) have widely documented the positive relationship
between precipitation, plant production, cover and rodent population.
As the findings of the current study clearly reveal, there was similar
relationship between the precipitation and M. delectorum population 
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notably  when  the  area  experienced  unusual  rainfall  during  the  dry
season,  thus  resulting  in  population  increase.  After  the  rainfall,
vegetation grows with an increase in canopy and ground cover that
support the survival of small mammals (Joneidi et al., 2020).  

The  breeding  pattern  and  sex  ratio  of  the  dominant  rodent,  M.
delectorum, at MRNFR fluctuate throughout the year. The presence of
the actively breeding females throughout the year can be explained by
the availability  of  food and cover  year-round in  MRNFR,  a  tropical
forest  that  receives  a  substantial  amount  of  rainfall  in  Tanzania
(Williamson  et  al.,  2014).  Due  to  sufficient  rainfall,  the  primary
productivity  is  high,  thus  providing  enough  food  for  M.  delectorum
throughout  the year although there were breeding peaks in the wet
season due to abundance of food and cover. The breeding peak along
the elevation gradient was observed from September to March in the
higher  elevations  with  harsh  climates.  This  is  due  to  the  climatic
conditions,  particularly  temperature,  which  are  favorable  for  the
survival of the juvenile mammals during this time. The study suggests
that the rodents undergo physiological, mental, and physical stress in
very low temperatures, which inhibits their reproduction (Robertson &
Wilsterman, 2020). The sex ratio differences were not significant in the
low and high elevations while the sex ratio in the mid- elevation was
0.6 with more females than males, possibly due to climatic conditions.
Consequently,  the females  are likely  to  forage more than males  in
search of the mates and food for their young. Female require more
energy during lactating, thus making them more susceptible to being
caught  more in  the  traps  compared to  males.  During  the breeding
season,  the females have a higher  energy requirement than males
and, hence forage more (Steinlechner & Puchalski, 2003).

6.2   Conclusion 
The present study has yielded significant findings regarding the small
mammal populations in Mount Rungwe Nature Forest Reserve 
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(MRNFR)  in  Tanzania.  The research identified  the diverse array of
small  mammal  species,  including  the  endangered  shrew  Myosorex
kihaulei which was previously believed to be endemic in Udzungwa
Mountains. The presence of Myosorex kihaulei in MRNFR expands its
known geographical distribution. Additionally, the Graphiurus sp., was
observed across all elevation gradients and the recent genomic data
suggests significant  genetic  divergence from the known  Graphiurus
species.

The  study  demonstrated  that  the  changes  in  elevation  had  the
profound impact on the diversity and abundance of small mammals at
MRNFR. The mid- and lower elevations exhibited higher levels of the
species diversity and abundance compared to the higher elevations.
This indicates that the aspect of elevation influenced the biotic and
abiotic  characteristics  of  the  area  thereby  shaping  the  species
composition.  Furthermore,  the  study  revealed  that  the  rodents  in
MRNFR  displayed  omnivorous  feeding  behavior  with  distinct  food
preference observed among different rodent species. The coexistence
of the species with high niche breadth and overlap, which results from
the availability of abundant  resources suggests that the competition
among species is minimized in the area. 

The dominant  species,  Montemys delectorum,  in  MRNFR exhibited
the spatial and temporal fluctuations in its population. In comparison
with other species, the adaptability of  M. delectorum in MRNFR was
evident.  However,  its  population  and  breeding  pattern  varied  in
response to changes in elevation and availability of precipitation. The
continuous rainfall in MRNFR sustains high population number of  M.
delectorum.   

In summary, this study provides the valuable insights into the ecology
of small mammals in the Rungwe Nature Forest Reserve, which can
potentially  inform  the  development  of  the  effective  conservation
management strategies for the area. The recorded species should be 
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considered in the future management plans and the findings of the
study  can  serve  as  the  baseline  data  for  further  research,  thus
contributing  to  the  conservation  and  preservation  of  this  important
ecosystem.  

6.3 Implication of the study
The study of small mammals in Mount Rungwe Nature Forest Reserve
carries several significance implications across various domains which
include: 
Conservation  Implications: Understanding  the  small  mammal
community  in  Mount  Rungwe  Nature  Forest  Reserve  is  crucial  for
conservation efforts.  Identifying species  richness,  population  trends,
and habitat preferences can inform conservation strategies aimed at
preserving biodiversity  within the reserve.  Conservation  implications
may include habitat management practices, such as maintaining key
habitat  features  preferred  by  small  mammals  especially  the
endangered M. kihaulei. 

Policy Recommendations: Findings from the study can contribute to
policy formulation and decision-making processes related to natural
resource management, protected area governance and protection of
endangered species. Recommendations may include development of
wildlife corridors to promote connectivity between fragmented habitats.

Public Health: Small mammals can serve as reservoirs for zoonotic
diseases,  making  their  study  relevant  to  public  health  concerns.
Investigating the population dynamics of rodents in the study area can
help  assess  potential  risks  to  human  health  and  inform  disease
surveillance and management strategies. 

Ecosystem  Functioning: Small  mammals  play  critical  roles  in
ecosystem functioning, including seed dispersal, predation, and 
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nutrient cycling. Understanding their ecological roles and interactions
with  other  species  can  provide  insights  into  broader  ecosystem
dynamics within Mount Rungwe Nature Forest Reserve. Implications
may  include  recognizing  the  importance  of  small  mammals  in
maintaining ecosystem resilience and considering their conservation in
the context of broader landscape-level management strategies.

Education and Outreach: Findings from the study can be used to
enhance public  awareness and appreciation  of  the biodiversity  and
ecological  importance  of  Mount  Rungwe  Nature  Forest  Reserve.
Education  and  outreach  initiatives  aimed  at  local  communities,
tourists,  and policymakers can highlight  the value of small  mammal
conservation  and  encourage  support  for  conservation  efforts.  By
engaging stakeholders and fostering a sense of stewardship, the study
can  contribute  to  long-term  sustainability  and  conservation  of  the
reserve's natural resources.

6.4 Recommendations 
The research findings from the present study contribute to scientific
knowledge of the ecology of the small mammals in the MRNFR and
conservation efforts. The following recommendations are made: 
i. The outcomes of  the study should  call  for  an update of  the

General Management Plans (GMP) for MRNFR in attempt to
include the richness and distribution of small mammals in the
Rungwe Forest.

ii. The study recorded the shrew,  Myosorex kihaulei, which was
previously  only  known  from  the  Udzungwa  Mountains.  It  is
recommended that  more researches should be conducted in
order  to  investigate  its  population  distribution,  habitat  and
species  biology  in  detail.  Additionally,  the  conservation
measures should be enhanced as it is listed as an endangered
species by IUCN. 
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iii. Given the collection of Graphiurus sp. which was quite different
from  the  known  Graphiurus species,  further  studies  are
recommended  to  explore  the  species’  genomics  and
distribution.

iv. The study recommends further  research on  the coexistence
mechanisms of the species. Due to insufficient data, the study
confined itself to the analysis of the diet composition of the four
most captured species and it could not do so for other species
which  were  either  not  captured  in  the  snap  traps  or  in  low
numbers,  thus  preventing  diet  analysis.  Furthermore,  the
number  of  rodents  caught  for  the  diet  analysis  was  not
sufficient to perform the seasonal diet analysis. 

v. The  study  recommends  further  investigation  of  other
coexistence mechanisms such as interspecific interactions, life
history  differences,  and  pest/predator  pressure,  which
determine the coexistence of the rodents in MRNFR as only
one  coexistence  mechanism  was  tested  due  to  limited
resources.

vi. The long-term studies of the impact of climate change on small
mammal  populations  in  MRNFR  is  recommended  so  as  to
anticipate  the  potential  range  shifts,  altered  community
dynamics and potential implications for ecosystem functioning.
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Kuhusu Tasnifu Hii

Utafiti  huu unakusudia  kuelezea ikolojia  ya mamalia wadogo katika
hifadhi ya msitu wa asili ya mlima Rungwe ambao ni mlima wa pili kwa
urefu  kusini  mwa Tanzania.  Utafiti  ulijikita  katika  miinuko tofauti  ya
mlima, iliyojumuisha   misitu ya chini na ya  kati ya milima, misitu ya
mianzi na maeneo ya milima ya nyasi na vichaka. Jumla ya mamalia
wadogo 3 184 kutoka katika spishi 12 walirekodia. Kwa ujumla, utafiti
huu umefafanua ikolojia ya mamalia wadogo katika msitu wa mlima
Rungwe  na  hivyo  kuongeza  uelewa  wa  ikolojia  yao.  Utafiti
umeonyesha jinsi mamalia wadogo wanavyoathiriwa na mwinuko, hali
ya hewa na makazi.  Matokeo mengine ya kuvutia  katika tafiti  hii  ni
kupatikana kwa spishi ya  Graphiurus sp.  nov. (Rungwe) ambayo ni
spishi  mpya kulingana na takwimu za maumbile.  Pia utafiti  uliweza
kurekodi  Myosorex  kihaulei ambaye  yupo  hatarini  kutoweka.  Utafiti
huu umefichua bioanuai  kubwa katika mlima Rungwe na kwa hivyo
inapendekeza juhudi zaidi za uhifadhi.
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