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Abstract 
 
Home range and survival are important parameters influencing abundance and distribution of rodent 

species. Therefore, understanding the factors affecting them is crucial for conservation and management of 

the species. This study was aimed to determine home range size and survival probabilities of two dominant 

rodent species (Lophuromys aquilus and Rhabdomys dilectus) found in western slopes of Mount Kilimanjaro, 

Tanzania. Trapping was done in moorland and fallow habitats across both dry and wet seasons, using 

Sherman live traps in four CMR grids. Home range size of Rhabdomys dilectus was influenced by habitat 

type. It was significantly higher in moorland than in fallow habitat. Whereas, home range size of 

Lophuromys aquilus was influenced by the variations in habitat, season and sex. It was significantly higher 

in moorland than in fallow. Also, male L. aquilus had larger home range size than females but the difference 

was not significant. Moreover, there were significant differences in survival of the two species and sex. 

Survival of L. aquilus was higher than that of R. dilectus indicating that L. aquilus could be more adapted to 

live on Mt. Kilimanjaro than R. dilectus. This was evident from its lower capture probability compared to 

R. dilectus. Low capture probability indicates trap shy behavior which could serve as a mechanism of 

predator avoidance. Furthermore, for both species female’s survival was higher than that of males. This 

was probably due to that females spend most of their time inside the nest during breeding season, hence 

reduces the risk to encounter predators. The study concludes that, species type, sex, habitat type and 

quality influence home range size and survival probability of rodents, which are attributed to variations in 

resources availability, mating behavior and reproductive fitness. Therefore, rodent conservation and 

management interventions should be species and sex specific taking other factors into consideration. 
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Introduction 

A home range is a specific area traversed by an 
animal for day-to-day activities such as foraging, 
nesting, resting and mating (Burt, 1943; Powell, 
2000; Powell and Mitchell, 2012; Cooney et al., 
2015). A home range provides resources and 
conditions necessary for animal’s survival such 
as food, water, shelter/cover, mates and nesting 
grounds. It is always difficult for the animal to 
protect its home range (a territory) from other 
conspecifics, however, if the benefits of 
protecting it outweighs the costs, an individual 
will incur the costs to protect it (Burt, 1943). 
Home range of small mammals are dynamics, 
changing in size and position over time and space 
due to changes in resource distribution and 
availability at spatial-temporal scales (Orland 
and Kelt, 2007; Powell and Mitchell, 2012). 
Moreover, home ranges may vary between 
individuals, species, sex, age class, season and 
breeding activity (Burt, 1943; Powell, 2000; 
Schmidt, 2002; Powell and Mitchell, 2012; Cooney 
et al., 2015; Lee and Rhim, 2016). For example, 
home range differences and may be overlap 
between individuals of same species or sympatric 
species might occur as a result of competition or 
coexistence through resource partitioning at 
spatial-temporal scales (Fieberg and Kochanny, 
2005; Chuyong et al., 2011; Morris et al., 2011; 

Casula et al., 2019; Manlick et al., 2021).  

Variations in habitat type and seasonality results 
into seasonal food availability and cover which in 
turn affects habitat selection and home range size 
of small mammals. For example, wood mice 
(Apodemus sylvaticus) shows seasonal differences 

in home range size and habitat selection (by 
extending the size in cultivated areas) due to 
change in food and cover (Flavicollis, 2006). Also, 
home range size of female striped mice 
(Rhabdomys pumilio) is reported to change due to 

seasonal variations in food resources (Schradin 
and Pillay, 2006). In addition, reproducing 
individuals have large home range size due to 
required food and extra energy for reproduction 
and caring of juveniles (Mlyashimbi et al., 2019; 

2020). On the other hand, survival of small 
mammals is influenced by variations in 
seasonality and vegetation structure (Ademola et 
al., 2021) which affects abundance of food 

resources such as grains, plant materials and 

insects/termites (Ademola et al., 2022; Kennis et 
al., 2012). Likewise, survival of small mammals 

including rodents have been found to vary with 
sex and age class (Eccard et al., 2002; Previtali et 

al., 2010).  

In addition, both home range size and survival 
are important parameters influencing behavioral 
and ecological characteristics of small mammals. 
Home range measures the space an animal uses 
in a habitat that reflects the energy spent to 
acquire food or mates and the likelihood to 
encounter predation (Koshev et al., 2005; 

Flavicollis, 2006). In rodent community ecology, 
home ranges are important factors for species 
breeding activity, foraging, distribution and 
habitat selection (Powell and Mitchell, 2012; 
Sabuni et al., 2015). Survival on the other hand, is 

related with reproductive fitness of an 
individual. The higher the survival rate the 
higher the chances of reproductive fitness and 
higher population size (Ademola et al., 2021). 

However, human activities like agricultural land 
preparation practices and deforestation affect 
rodent species home range, survival and 
distribution through habitat destruction and 
fragmentation, which reduces habitat area and 
resource availability (Gehring and Swihart, 2004; 
Lambert et al., 2006; Greenberg et al., 2011; Nelson 
et al., 2019). Fragmentation can result into 

extinction of species especially for those with 
restricted distribution range through inbreeding 
depression (Gehring and Swihart, 2004). For that 
case, understanding home range size and 
survival probability of rodents is crucial for 
conservation of endangered/vulnerable species 
which has restricted home range size and 
distribution in a particular habitat or ecosystem 
(Sabuni et al., 2015).  

Generally, home range size (Monadjem and 
Perrin, 1998; Gebresilassie et al., 2006) and 
survival probabilities (Julliard, et al., 1999; 
Sluydts et al., 2007; Mulungu et al., 2016; 
Mlyashimbi et al., 2020; Mayamba et al., 2020; 
Ademola et al., 2021) of rodents have been well 

studied in east Africa. However, there is scanty 
information on home range size and survival of 
rodents from the genus Lophuromys and 
Rhabdomys (Schradin, 2009). As reported earlier 
two species Lophuromys aquilus (endemic) and 
Rhabdomys dilectus are sympatric species 
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predominating habitats of Mt Kilimanjaro 
(Verheyen et al., 2007; Thomas et al., 2022a; 

2022b). Their home range size and survival 
probabilities and the factors affecting them have 
not been well documented. Also, the increasing 
rate of human activities in unprotected areas of 
Mount Kilimanjaro might be of great threat to 
their home range and survival. Therefore, this 
study was aimed to determine home range size of 
the two species, their survival and capture 
probabilities as well as the influencing factors for 
conservation and management purpose. We 
hypothesized that, home range and survival 
probability of the two species would vary across 
habitats and seasons, and with sex (Schradin and 
Pillay, 2006). It was expected that, home range 
and survival of species would markedly differ 
between males and females due to different 
requirements for reproduction and response to 
change in resource availability such as food, 

cover and mates (Schradin and Pillay, 2006). 

 

Materials and methods  

Study area description 
The study was conducted on Mount Kilimanjaro 
which is located in northeastern, Tanzania. The 
study was a continuation of previous studies by 
Thomas et al., (2022a; 2022b) conducted at the 

same study area. The study area lies between 
3°07S and 37°35E on the western slopes of Mt 
Kilimanjaro in Siha district of Kilimanjaro region. 
The mountain has zonation of habitats along 
altitudinal gradients ranging from 1,500 to 5,895 
m.a.s.l. (Hemp, 2006; Mulungu et al., 2008). There 
is plantation forest, fallows and cultivated 
habitats in the lower zone from 1,500 to 2,400 
m.a.s.l. (Mbonile et al., 2003). It has homogenous 

vegetation dominated by Pines, Cyprus and 
Eucalyptus tree species together with cultivated 
crops such as carrots, cabbage green peas and 
irish potatoes as explained in Thomas et al., 

(2022a). Moreover, the mid elevation zonation 
ranging from 1,800 m.a.s.l. up to 2,800 m.a.s.l. 
which includes lower and higher (evergreen) 
montane forests predominated by indigenous 
Podocarpus, Ficus and Hagenia tree species. 
Also, a third zonation in higher altitudes with 
alpine heath/ecotone habitat from 2,800 to 3,200 
m.a.s.l. Alpine heath/ecotone habitat is 
characterized by sparse and dry vegetation 

predominated by erica grasses, philippia shrubs 

and bearded lichens hanging from trees. Another 
zonation is from 3,200 m.a.s.l. up to 4,500 m.a.s.l 
which has the moorland habitat dominated by 
Erica and Helichrysum bushes. Above the 
moorland there is rocky and bare land (Hemp, 
2006). 

Moreover, the mountain is characterized by a 
tropical montane climate with two rainy and two 
dry seasons (Mulangu and Kraybill, 2013). Rainy 
season is from March to May and from October 
to December. Whereas, the dry season is from 
January to February and from June to September 
(Thompson et al., 2003). The mean annual rainfall 

is around 1,300 mm, 2,200 mm and 700 mm in 
low, mid and high elevations respectively. With 
temperatures reaching up to -60C and 290C in the 

highlands and lowlands respectively.  

Trapping  
Trapping was done using Capture-Mark-
Recapture (CMR) technique following similar 
procedures described in Thomas et al., (2022b) 
and Leirs et al., (2023). Four live trapping grids; 

two in each of the moorland and fallow habitat 
were established at approximately 500 m apart. 
Each grid consisted of 49 traps placed in 7 lines 
each with 7 traps placed at 10 m trapping station. 
Traps were baited with peanut butter and 
inspected in next morning before 10:00 a.m. 
Trapping was done for three nights consecutively 
in each trapping session (month). Continuous 
monthly live trapping was conducted for two 
years; commenced in April 2020 and terminated 
in March 2022 covering both dry and wet seasons. 
Trapped animals were marked by toe clipping 
which has been scientifically tested and found 
not to affect animal’s behavior (Borremans et al., 

2015). Data on the date, trap station number, grid 
number, habitat type, toe clip code, weight, 
species, sex and sex condition (if whether the 
animal was sexually active/breeding or not) of 
each trapped animal were recorded before it was 
released at the point of capture. Rodent species 
were identified in the field following Happold 
(2013) and confirmed with molecular technique. 
Traps were washed and packed for the next 

trapping session. 
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Data analysis 
Sex was determined using distance between the 
anus and urogenital opening (shorter in females 
and longer in males) and presence of secondary 
sexual characteristics such as testis and nipples 
for males and females respectively (Searle, 1985; 
Kay and Hokestra, 2008). Rodents were grouped 
into two age classes: adults and juveniles. Age of 

an individual was determined based on body 
weight and maturation status (Kay and Hokestra, 
2008; Kingdon, 2015). Maturation in adults was 
assessed through growth of secondary sexual 
characteristics in both males and females, which 
was evident during reproductive activity (Searle, 

1985; Monadjem and Perrin, 2002). 

 

Figure 1 

Map of west Mount Kilimanjaro, showing four grids in selected habitats (moorland and fallow) 

 
 

 

Homer range size 
Home range size was estimated as the total area 
travelled in a Minimum Convex Polygon (MCP) 
by individuals, within five different trap 
relocations. For that case, estimation of home 
range size using MCP was not applicable to other 
rodent species because they had few trap 
relocations from CMR capture history. Home 
ranges of only two species; Lophuromys aquilus 
and Rhabdomys dilectus were estimated. 
AdehabitatHR package in R program (R Core 

Team, 2020) was used to estimate individual’s 
home range as MCP at 95% of relocation points. 
Non-parametric Wilcoxon/Mann-Whitney test 
was used to determine differences in home range 
between species. Moreover, home range data 
were log transformed and simple linear 
regression models were fitted to determine the 
relationship between home range size of 
individual species with respect to season, habitat, 
sex and sex conditions, and the interactions 
between them. We used AIC model selection to 
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distinguish among a set of possible linear 
regression models describing the relationship 
between home range size, habitat, season, sex 
and sex condition. Model with lowest AIC score 
carrying higher % of cumulative weight was 
selected as best model. For example, for 
Rhabdomys dilectus analysis; the best-fit model 
included habitat and season with interaction 
effects. Whereas, for Lophuromys aquilus, the best-

fit model, included habitat and season with no 
interaction effects. After model selection we 
conducted model validation through checking 
model assumptions i.e use of Q-Q plots and 
residuals, and results presented in model 
summary. Two-way Anova was used to 
determine the differences in home range size of 
individual species across habitats, seasons and 

sex. 

Survival and capture probability 
Survival was defined as the probability of 
individual rodents to survive/persist from one 
month to the next. It refers to mean length of time 
an individual persists in the grid/study site 
within a trapping session, usually assigned to 1 
(Mayamba et al., 2020; Ademola et al., 2021). 

Survival expresses the occurrence of animals that 
are captured in one trap session and a subsequent 
one. Whereas the capture probability is fully time 
and trap dependent as a result of trap awareness 
and unawareness behavior of individual rodents. 
Both survival and capture probabilities were 
estimated for each trapping session according to 
Pollock’s closed robust design, in which the 
population is assumed to be closed within each 
trapping session and open between the trap 
sessions. Also, it is assumed that there is no 
immigration or emigration of individuals from 

the population. 

Prior to analysis, goodness-of-fit (GOF) test was 
carried out with the U-CARE software (Pradel et 
al., 2003; Choquet et al., 2009a) to assess trap 

dependence and transience individuals (the ones 
trapped only once during the entire study 
period). GOF test followed the assumption on 
transience. It did not indicate any effect of trap 
dependence, meaning that capture probability of 
individuals was independent of their previous 

capture (Pradel and Sanz-Aguilar, 2012). 

 
 

Survival and capture probability modelling 
Survival of the two species were modelled and 
estimated using the multi-event capture-
recapture models in E-SURGE (Pradel, 2005; 
Lebreton and Pradel, 2002; Choquet et al., 2009a; 
2009b) in which the number of states might be 
greater than the number of events. The multi-
event capture-recapture models incorporated 
detection heterogeneity into our models (Pradel 
and Sanz-Aguilar, 2012). For capture probability, 
modified methods of analysis by Sluydts et al., 
(2007) and Mayamba et al., (2020) were used. To 

minimize trap dependence, capture probability 
of the two species was varied between trap aware 
individuals (captured during the previous trap 
session), trap unaware individuals (not captured 
during the previous trap session) and dead/not 
captured individuals. Initially, over 20 different 
models were constructed to test whether survival 
and capture probabilities of the two species is 
different and if whether sex has a significant 
impact on the differences as conducted by 
Mlyashimbi et al., (2020), hence all the models 
that were run included species and sex (Table 1). 
In further analysis, survival and capture 
probabilities of individual species were allowed 
to vary between sex (male and female), season 
(dry and wet) and between habitats (moorland 
and fallow). Corrected Akaike information 
criterion (AICc) for smaller sample size was used 
for ranking the models and selection (Burnham et 
al., 1995). Model with lowest AICc was 
considered as best fit (better describes 
distribution of data).  Also, all models with a 
difference of delta AICc < 2.0 were considered as 
equally good. 
 
Results 
 
Home range size 
In general, mean home range size was not 
significantly different between the species 
(Mann-Whitney U = 2292.5, p = 0.217) however, 
Lophuromys aquilus had a relatively larger mean 
home range size (842.06 m2) than Rhabdomys 

dilectus (729.05 m2). 

For individual species analysis; home range size 
of Rhabdomys dilectus was influenced by the 

variation in habitat (F1, 115 = 4.61, p = 0.034, R2 = 
0.03). Mean home range significantly differed 
between habitats, as it was significantly larger in 
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the moorland than in fallow habitat (Estimate + 
Standard error SE and P-value) (0.30 + 0.14, p= 
0.034). Moreover, home range was significantly 
influenced by the interaction between habitats 
and seasons (F3, 113 = 2.95, p = 0.04, R2 = 0.05). 
Whereby, mean home range significantly 
decreased (-0.66 + 0.27, p = 0.01) during wet 
season in the moorland. 

Moreover, linear regression modeling indicated 
that, home range size of Lophuromys aquilus was 

influenced by habitats (p = 0.001), season (p = 

0.062) and sex (p = 0.16) (F3, 65 = 6.22, p = 0.0, R2 
= 0.19). Moreover, mean home range size 
significantly differed between habitats, whereby, 
it was significantly larger in moorland than in 
fallow habitat (0.73 + 0.2, p < 0.001). Mean home 
range size did not differ significantly between 
season and sex; however, mean home range size 
was relatively larger during wet season (0.25 + 
0.16, p = 0.12). Also, male’s home range size was 
relatively larger than that of females (0.28 + 0.16, 

p = 0.09). (Figure 2). 

 

Figure 2 

Variations in mean home range size of Lophuromys aquilus between males (M) and females (F) across dry and wet 
seasons 

 
 
 
Survival Probability 
Comparatively, the best model indicated that 
survival probability was influenced by species 
and sex, whereas capture probability was 
influenced by species (Table 1). Also, the next 

best models which were well supported with 
(Delta AICc less than 2) indicated that survival 
probability was influenced by species and sex 

(Table 1). 

 

Table 1 

The candidate models used to estimate survival of the two species. Survival estimates (Phi) and capture probabilities 
(p) of the two species were modelled with respect to time and sex (male or female)  

SN Model   df AICc ΔAICc Weight Deviance  

16 Phi(~spec + sex)p(~spec) 5 1947.472 0 3.27E-01 1937.472 

12 Phi(~spec)p(~spec) 4 1948.204 0.732 2.27E-01 1940.204 

10 Phi(~spec)p(~spec + sex) 5 1949.15 1.676 1.41E-01 1939.148 
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SN Model   df AICc ΔAICc Weight Deviance  

14 Phi(~spec + sex)p(~spec + sex) 6 1949.306 1.833 1.31E-01 1937.306 

20 Phi(~spec * sex)p(~spec) 6 1949.434 1.962 1.23E-01 1937.256 

18 Phi(~spec*sex)p(~spec + sex) 7 1951.256 3.783 4.93E-02 1937.256 

28 Phi(~time+spec)p(~spec) 22 1958.554 11.081 1.28E-03 1914.55 

26 Phi(~time+spec)p(~spec + sex) 23 1959.8 12.327 6.88E-04 1913.8 

13 Phi(~spec + sex)p(~1) 4 1962.458 14.985 1.82E-04 1954.458 

9 Phi(~spec)p(~1) 3 1963.145 15.673 1.29E-04 1957.145 

17 Phi(~spec*sex)p(~1) 5 1964.427 16.954 6.80E-05 1954.427 

15 Phi(~spec +sex)p(~sex) 5 1964.437 16.965 6.77E-05 1954.437 

11 Phi(~spec)p(~sex) 4 1964.488 17.015 6.60E-05 1956.488 

19 Phi(~spec*sex)p(~sex) 6 1966.408 18.936 2.53E-05 1954.408 

32 Phi(~time *spec)p(~spec) 40 1972.824 25.352 1.02E-06 1892.824 

25 Phi(~time + spec)p(~1) 21 1973.38 25.907 7.74E-07 1931.38 

30 Phi(~time *spec)p(~spec+ sex) 41 1974.036 26.563 5.60E-07 1892.036 

27 Phi(~time + spec)p(~sex) 22 1974.981 27.508 3.50E-07 1930.981 

29 Phi(~time*spec)p(~1) 39 1987.722 40.25 5.95E-10 1909.722 

31 Phi(~time*spec)p(~sex) 40 1989.226 41.753 2.80E-10 1909.226 

5 Phi(~sex)p(~1) 3 1992.151 44.679 6.50E-11 1989.151 

8 Phi(~sex)p(~spec) 4 1993.111 45.638 4.02E-11 1985.111 

7 Phi(~sex)p(~sex) 4 1994.116 46.644 2.43E-11 1986.116 

1 Phi(~1)p(~1) 2 1994.979 47.507 1.58E-11 1990.979 

6 Phi(~sex)p(~spec + sex) 5 1995.054 47.582 1.52E-11 1985.054 

3 Phi(~1)p(~sex) 3 1995.742 48.269 1.07E-11 1989.742 

4 Phi(~1)p(~spec) 3 1996.168 48.695 8.72E-12 1990.168 

2 Phi(~1)p(~spec + sex) 4 1996.815 49.342 6.31E-12 1988.815 

21 Phi(~time)p(~1) 20 2005.238 57.766 9.35E-14 1965.238 

24 Phi(~time)p(~spec) 21 2006.287 58.815 5.54E-14 1964.287 

23 Phi(~time)p(~sex) 21 2006.291 58.818 5.52E-14 1964.291 

22 Phi(~time)p(~spec +sex) 22 2007.215 59.742 3.48E-14 1963.215 

Note. Table columns includes number of parameters (df), AICc Corrected Akaike Information Criterion 

due to small sample size and Delta Δ AICc, model weight and Deviance. 

There were significant differences in survival 
probability between the species. Survival 
probability of Lophuromys aquilus was 
significantly higher than that of Rhabdomys 
dilectus (Figure 3). However, there were no 

significant differences between sex, the survival 
of females of both species was relatively higher 
than that of males, (Mean + SE) 0.486 + 0.031 for 
female Rhabdomys dilectus and 0.713 + 0.235 for 
female Lophuromys aquilus (Figure 3). In addition, 

survival probability of both species (L. aquilus 
and R. dilectus) was significantly influenced by 
the variation in season when their capture 
probability was varied with time (Tables 2a and 
2b). Capture probability of Rhabdomys dilectus 
was significantly higher than that of Lophuromys 
aquilus. It was (Mean + SE) 0.429 + 0.03 for 
Lophuromys aquilus and 0.655 + 0.045 for 

Rhabdomys dilectus (Figure 4). 
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Figure 3  

Survival probability between the species (Lph = Lophuromys aquilus and Rbd = Rhabdomys dilectus) and sex (F = 
female, M = male). 

 
Figure 4 

Capture probability between species (Lph = Lophuromys aquilus, Rbd = Rhabdomys dilectus). 

 
In analysis of individual species, the models with 
the lowest AICc describing survival and capture 
probabilities for Rhabdomys dilectus showed that; 
survival probability varied with season and sex 
and constant capture probability (p(~1)) 
However, these models were not significantly 
different from the third and fourth best models 
that describes survival probability (Phi) with 
varying season and sex, and capture probability 
varying with time (p(~time)) (Table 2a). For 

Lophuromys aquilus, The model with the lowest 

AICc describing survival and capture 
probabilities showed; constant survival 
probability (Phi(~1)) and constant capture 
probability (p(~1)) (Table 2b). The model was not 
significantly different from the second best 
model that showed constant survival probability 
(Phi(~1)) and capture probability varying with 
time (p(~time)). However, the third and fourth 
best models that describes survival (Phi) varying 
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with varying season and sex, and constant 

capture probability were equally good. 

Table 2  

(2a and 2b): The candidate models used to estimate survival (Phi) and capture (P) probabilities of Rhabdomys 
dilectus (2a) and Lophuromys aquilus (2b) were modelled with respect to time, sex (male or female), habitat type 
(moorland and fallow) and season (dry and wet).  

2a 

SN Model df AICc Δ AICc Weight Deviance 

5 Phi(~season)p(~1) 3 1896.999 0 0.276 1890.98 

7 Phi(~sex)p(~1) 3 1896.999 0 0.276 1890.96 

6 Phi(~season)p(~time) 4 1898.282 1.283 0.145 1890.216 

8 Phi(~sex)p(~time) 4 1898.282 1.283 0.145 1890.216 

1 Phi(~1)p(~1) 2 1900.789 3.789 0.042 1896.769 

3 Phi(~habitat)p(~1) 6 1901.155 4.156 0.035 1889.016 

9 Phi(~sex*season)p(~1) 6 1901.509 4.509 0.029 1889.37 

2 Phi(~1)p(~time) 3 1902.002 5.003 0.023 1895.962 

4 Phi(~habitat)p(~time) 7 1902.729 5.729 0.016 1888.544 

10 Phi(~sex*season)p(~time) 7 1903.094 6.095 0.013 1888.909 

 

2b  

SN Model df AICc Δ AICc Weight Deviance 

1 Phi(~1)p(~1) 2 1499.966 0 0.311 1495.935 

2 Phi(~1)p(~time) 3 1501.007 1.041 0.185 1494.946 

5 Phi(season)p(~1) 3 1501.544 1.578 0.141 1495.483 

7 Phi(~sex)p(~1) 3 1501.544 1.578 0.141 1495.483 

6 Phi(~season)p(~time) 4 1502.604 2.638 0.083 1494.501 

8 Phi(sex)p(~time) 4 1502.604 2.638 0.0831 1494.501 

3 Phi(habitat)p(~1) 6 1505.179 5.213 0.023 1492.963 

9 Phi(sex*season)p(~1) 6 1506.299 6.334 0.013 1494.083 

4 Phi(~habitat)p(~time) 7 1506.4 6.434 0.012 1492.111 

10 Phi(~sex*season)p(~time) 7 1507.501 7.535 0.007 1493.212 

Note. Table columns includes number of parameters (df), AICc Corrected Akaike Information Criterion, 
Delta Δ AICc, model weight and Deviance. 
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Discussion  

Home range size 
A non-significant difference in home range size 
of Lophuromys aquilus and Rhabdomys dilectus 

indicate that the two species have overlapping 
home ranges and sharing of resources. However, 
a relatively larger home range size of L. aquilus 
than R. dilectus suggest higher accessibility to 

food resources and varieties, which support its 
generalists/opportunistic behavior. Our results 
support findings by Thomas et al., (2022a) which 

reported an overlap in niche breadth among the 
two species due to sharing of food resources. 
Moreover, home range size of Lophuromys aquilus 

differed between sex and season. Males had 
relatively larger home range size compared to 
females (however not significant), probably 
because males move longer distances especially 
during wet season to search for mates (Mulungu 
et al., 2013; Cooney et al., 2015). Unlike females 

who spend most of their time in the nests to 
nurture for the juveniles. Our findings coincide 
with other studies which reported significant 
differences in home range sizes between males 
and females whereby, males moved longer 
distances to maximize the chances of meeting 
sexually active females (Kennis et al., 2012; 
Borremans et al., 2014; Leirs et al., 1997). However, 
the results contradict those of Mlyashimbi et al., 

(2020), which reported large home range size in 
female Mastomys natalensis during breeding 

season due to high food requirements for 

reproduction. 

The mean home range sizes of both species 
significantly differed across habitats probably 
due to vegetation structure and climate 
variability between the two habitats. Larger 
home range sizes of both species in moorland 
could be attributed to poor vegetation (ground 
cover) which affects food availability. Similarly, 
Gebresilassie et al., (2006) suggested that rodents 

have larger home ranges in habitats with limited 
food resources to maximize search for food to 
meet body requirements. Whereas small home 
ranges in fallow was probably due to dense 
vegetation and ground cover which provide food 
and protection from predators. Also, it could be 
due to crop remains from surrounding 
agricultural fields. Fallows are said to serve as 

refuge to rodents inhabiting farm-fallow mosaics, 
providing them with supplementary food and 
breeding sites (Mulungu et al., 2013; 2016).  

In addition, seasonality has been reported as the 
major factor influencing home ranges of small 
mammals including rodents as it affects 
vegetation structure and food availability 
(Powell and Mitchell, 2012; Cooney et al., 2015). 
In most cases rodents tend to have smaller home 
ranges during wet season when food is abundant 
than in dry season when food is limited (Schradin 
and Pillay, 2006; Mulungu et al., 2011). 
Interestingly, in this study home range size of 
Rhabdomys dilectus significantly decreased during 

wet season (especially in the moorland) whilst 
that of Lophuromys aquilus relatively increased 

during wet season. An interaction between 
seasonality and habitat explains the variation and 
inconsistence in home range size between the two 
species in both dry and wet season. Extremely 
cold temperatures in moorland and behavioral 
adaptation of the species could be the possible 
explanation for a significant decrease in home 
range size of R. dilectus and an increase in home 
range size of L. aquilus.  Cold temperatures 

during wet season are reported to affect 
movements and activity patterns of Rhabdomys 
dilectus (Clausnitzer, et al., 2003), unlike for L. 
aquilus which prefers wet conditions and is 

actively moving during wet season (Happold, 
2013; Kingdon, 2015). 

Survival and capture probabilities 
In the current study, best models for comparative 
and individual species analysis included species, 
sex, and season, indicating that survival and 
capture probabilities varies between species, sex 
and season. Lophuromys aquilus had higher 

survival probability but lower capture 
probability. Whilst Rhabdomys dilectus had lower 

survival probability but higher capture 
probability. Higher survival of Lophuromys 
aquilus is because it is reported to be a nocturnal 
rodent species in a previous study by Thomas et 
al., (2022a). Being nocturnal could be a reason for 

high survival probability due to less 
susceptibility to predators (Ebensperger and 
Blumstein 2006). Moreover, the significantly 
lower capture probability of L. aquilus over time 

could suggest it is a trap shy species. Trap shy 



 

11 
 

behavior could serve as a mechanism of avoiding 
predation. This is because the species spend 
longer time to acclimatize to the traps and 
normally hide in areas with dense cover. In 
addition, higher survival of L. aquilus support the 

fact that it is a habitat generalist that is more 
adapted to live across a range of habitats and 
altitudinal gradients. This is evident from the 
distribution of species of genus Lophuromys on 
Mt Kilimanjaro (Thomas et al., 2022b) and 
elsewhere (Clausnitzer et al., 2003; Bantihun and 

Bekele, 2015). Lophuromys species are reported 
to colonize disturbed and less suitable habitats, 
and are opportunistically able to utilize resources 
in vicinity resulted from human disturbance 
(Happold, 2013; Gitonga et al., 2015; Monadjem et 
al., 2015). Similarly, Ademola et al., (2021) 
reported high survival rate of Praomys delectorum 

in disturbed forest due to high food resources 
because of anthropogenic disturbance. High 
survival probability improves individual’s 
fitness through successful reproduction which 
results into stable populations (Ademola et al., 
2021; Mulungu et al., 2016; 2013). Hence, survival 

is a vital component and important factor that 
influences rodent population size (Mulungu et al., 
2016; Mlyashimbi et al., 2019; 2020). Moreover, it 

is reported that, rodent population size is directly 
dependent on rain fall patterns whereby, 
breeding occurs during the rainy season (Leirs et 
al., 1994; Mulungu et al., 2013). Rainfall influences 

food resources and ground cover which provides 
protection to newly recruited juveniles from 
predators and harsh weather (Leirs et al., 1997). 
For that case, rodents’ survival is higher in high 
quality habitats which has stable conditions and 
high food resources than in poor quality habitats 
(Kennis et al., 2012).  

On the other hand, a significantly lower survival 
probability of Rhabdomys dilectus could be due to 
high predation risk since the species is diurnal 
and moderately associated with ground cover. It 
preferably inhabits areas with patchy and sparse 
vegetation such as open grasslands which might 
expose it to predation (Schradin and Pillay, 2006; 
Clausnitzer et al., 2001; 2003). It is reported that, 

diurnal rodent species are conspicuous and 
susceptible to mammalian and avian predators 
than nocturnal rodents (Ebensperger and 
Blumstein 2006). Moreover, high capture 
probability of R. dilectus could suggest that it is a 

trap loving species. Trap loving behavior put the 
species at high risk of predation because it 

quickly gets familiar with the traps. 

Furthermore, our results indicate that survival 
probability differed between sexes, however, we 
could not find significant differences in survival 
probabilities between the sexes. Survival was 
relatively higher for females of both species than 
males, and was relatively higher in wet season 
than in dry season. Survival probability between 
the sexes could be attributed to observed 
movement patterns (home range sizes), time and 
energy invested in reproduction by the two sexes. 
However, home range size differences were not 
statistically supported and we lacked strong 
evidence on time and energy spent. Females are 
believed to spend more time inside the nests 
nurturing for their newborn juveniles hence are 
less likely to encounter predation (Norrdahl and 
Korpimäki, 1998) and mortality from extreme 
weather conditions (Clausnitzer et al., 2003). 

Whereas, males have high risks of predation due 
to moving longer distances searching for mates 
(Norrdahl and Korpimäki, 1998). Also, high 
females’ survival during wet season could be a 
result of high availability of food resources. Food 
resources and high ground cover results into 
improved growth and protection of the rodents 
during wet season (Powell and Mitchell, 2012; 
Cooney et al., 2015). However, our findings are 
contrary to studies by Meheretu et al., (2015) and 
Oli and Dobson, (1999) which found lower 
survival of females compared to males due to 
post-natal stress. It is reported that, reproduction 
success of females depends on spatial-temporal 
availability and distribution of food resources 
(Ostfeld, 1985). 
 
Conclusion  
 
Results of this study indicated that, home range 
size and survival varied between the species 
whereby Lophuromys aquilus had larger home 

range size and higher survival probability than 
Rhabdomys dilectus. Moreover, home range size 

and survival probabilities of the two species were 
influenced by habitat type, season and sex. The 
study concludes that, habitat types with distinct 
vegetation structure and seasonality are major 
factors influencing home range size and survival 
probability of rodents through provision of food 
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and cover, which in turn influences rodents’ 
movement and reproduction.  
 
Furthermore, this is a very first study on Mt 
Kilimanjaro and East African region to document 
on home range size and survival of Lophuromys 
aquilus (endemic to Mt Kilimanjaro) and 
Rhabdomys dilectus which is widely distributed. 

The study revealed large home range size and 
high survival probability of L. aquilus, suggesting 

it is a well-adapted species to live on Mt 
Kilimanjaro. However, its survival could be 
threatened by increasing climate change, habitat 
destruction and fragmentation caused by 
anthropogenic activities. This is because, the 
species prefers dense and moist montane 
vegetation. Since, conservation status of L. aquilus 

remains uncertain/unknown in the IUCN Red 
List due to data deficiency, this study has shed 
light on demography of the species and calls 
upon conservation interventions. Moreover, it is 
recommended that further studies with 
prolonged trapping (for at least five years) 
should be conducted for better understanding of 
demography and behavioral adaptations of the 
other rodent species. 
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