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Abstract
Human settlement and agricultural activities restrict increasingly the range of large mammals in many cases contributing 
to declining numbers of ungulates. Here, we studied home range size and habitat selection of seven adult female mountain 
nyalas in the northern end of the Bale Mountains National Park (BMNP) equipped with Global Positioning System (GPS) 
collars. Home range size was estimated using fixed kernel density and habitat selection was determined by resource selection 
functions. We found that female mountain nyalas have much smaller (5.7  km2) home ranges than the 19  km2 home range size 
predicted for a 170 kg, group-living species living in mixed habitats. Home ranges were 30% larger in the night than in the 
daytime. We suggest that the night extension beyond the park boundaries was caused by high livestock and other ungulates 
grazing pressure within the protected area which may cause forage-driven excursions out of the park. On the other hand, 
mountain nyalas are probably attracted by humans as shields against hyena predation. The resource selection index indicates 
that bushland and forest habitat are the most preferred habitat types, while agriculture and human settlements are the least 
preferred habitats. The small size of the northern part of the Bale Mountain National Park (31  km2) with the current high 
density of mountain nyala (24 individuals/km2) is too small for the predicted home range size of large ungulates. Hence, 
we suggest that protecting additional area may be needed for the long-term conservation of the endangered mountain nyala.

Keywords Body size–home range size relationship · Conservation · Endemic species · Human–wildlife conflict · Ungulate

Introduction

Home ranges and activity pattern of animals can be affected 
by several factors, such as the availability and quality of 
food and other resources, population densities, the presence 
of competitors, risk of predation, and climate (Willems and 
Hill 2009; Ochiai et al. 2010; Van Beest et al. 2011). Increas-
ingly, human activities and human-caused landscape altera-
tion and fragmentation also affect animal home range size, 
habitat use, activity, and movement patterns (Tucker et al. 
2018; Knüsel et al. 2019).

As a rule of thumb, the size of a home range is expected 
to increase with the body size of the respective species 
(Noonan et al. 2020), mediated also by habitat quality and 
type (e.g., open, mixed, closed habitat) and the species’ 
social organization (e.g., solitary or group living: Mysterud 
et al. 2001; Ofstad et al. 2016). The influence of humans is 
expected to be higher for larger mammals because of their 
higher space requirements (Tucker et al. 2014). Furthermore, 
since humans are mainly diurnal, they interfere with wildlife 
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more in the daytime than during the night, pushing many 
mammal species toward a more nocturnal activity (Gaynor 
et al. 2018).

A greater understanding of the human impact on activity 
and movement patterns, home ranges, and habitat use consti-
tute important baseline data for conservation management, 
in particular the design of protected areas (Rhodes et al. 
2005; Harless et al. 2009; Rechetelo et al. 2016). This is of 
particular importance for endangered species whose popu-
lations and ranges have already been reduced (Rechetelo 
et al. 2016).

Mountain nyalas, Tragelaphus buxtoni, are endangered 
antelopes endemic to the south-eastern highlands of Ethi-
opia. The largest mountain nyala population (n = 1100) 
still exists in the forest-dominated landscape of the Bale 
Mountains National Park (BMNP) (Atickem et al. 2011). 
The park was established in the 1970s primarily to protect 
mountain nyalas and another endemic species, for exam-
ple the Ethiopian wolf, Canis simensis (Waltermire 1975). 
Currently, about 90% of the mountain nyala population of 
the park is confined to the park’s northern part, the Gaysay 
Area (Atickem et al. 2011). Human settlement and livestock 
grazing, however, are increasing outside and inside the park, 
resulting in competition for space and food with wild large 
herbivores, including the mountain nyala (Atickem and Loe 
2013).

In this study, we equipped seven female mountain nyalas 
with GPS collars to investigate their activity and movement 
pattern, home range size, and habitat use. Given the strong 
human encroachment in the area surrounding the Gasay 
Area, we predict that the home ranges of the mountain 
nyalas are smaller than expected by theory and that diur-
nal habitat selection and movement patterns are influenced 
by human infrastructure. Based on our findings, we discuss 
whether the current size of the protected area and conserva-
tion measures are sufficient for the long-term conservation 
of mountain nyala.

Materials and methods

Study area

The study was carried out in the Gaysay Area (31  km2) of 
the BMNP and its surroundings outside of the national park. 
Unlike large parts of the BMNP, which are dominated by 
human settlements and herds of livestock, the Gaysay Area 
is patrolled by rangers as protection from livestock grazing, 
but the scale of illegal grazing is still extensive (Atickem 
and Loe 2013). The altitude of the area ranges from 3000 m 
to 3600 m, and the climate is characterized by a 4-month 
dry season (November to February) and an 8-month rainy 
season (March to October). We used spatial data from 2008, 

because the threat situation for the nyalas and the degree 
of human activities did not further degrade over the last 
16 years due to the permanent presence of park rangers in 
the area. We defined our study area as the 100% minimum 
convex polygon containing all locations (fixes) of all col-
lared female mountain nyalas (number fixes = 31,649), cor-
responding to an area of about 133  km2 (Fig. 1).

Mountain nyala GPS‑data

Since our budget allowed to buy only a limited number of 
collars, we decided to equip females with collars, since 
information on their spatial behavior is more relevant for the 
management and survival of the population. We equipped 
seven female mountain nyalas with Global Positioning Sys-
tem (GPS) collars (Followit Holding AB, Sweden) between 
25/05/2008 and 29/05/2008. The females were immobilized 
using a remote injection system and collared (Atickem et al. 
2016). The GPS units were programmed to take fixes every 
other hour, i.e., 12 fixes per day. We downloaded data from 
the GPS collars remotely by an external telemetry receiver 
and transferred respective location data onto a computer 
with a Tellus Project Manager. The collars lasted on aver-
age 402 days before failure (SD = 215, range 212–681 days). 
The immobilization and handling of the animals were per-
mitted by the Ethiopian Wildlife Conservation Authority 
and followed their Ethical guidelines (Atickem et al. 2016). 
Our original plan was to immobilize the collared mountain 
nyala after our study to remove the collars. However, the 
experts at the Ethiopian Wildlife Conservation Authority 
decided that the collars cause less disturbance to the animal 
than capturing them again. Therefore, we were asked not to 
remove the collars.

Fig. 1  Study area in the northern part of the Bale mountains national 
park
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Home range estimation

We conducted home range analyses using fixed kernel den-
sity estimation. The bandwidth h was determined with the 
rule-based ad hoc approach (Kie 2013). Home range con-
tours were calculated at the 95% isopleth level. The most 
intensively used portion of a home range was regarded as the 
core area, i.e., the area with the 50% isopleth level (Bingham 
et al. 1997; Seaman et al. 1999). In addition, we calculated 
minimum convex polygons (MCP) at the 100% isopleth level 
for the habitat utilization analysis. Home ranges and core 
areas were estimated with the R package “rhr” (Signer and 
Balkenhol 2015).

Predicted home range size

Female mountain nyalas weigh between 150 and 200 kg, 
and live in groups with an average of nine animals in mixed 
habitats (Sillero-Zubiri 2013). To calculate their predicted 
home range size, we applied the equation given by Ofstad 
et al. (2016) HR = exp(− 10.28 + 1.44*log(BM) + 0.3*lo
g(group size))/100, where HR refers to home range size, 
BM to body mass (measured in grams, here an average of 
170,000 g), and group size (number of individuals, here 9). 
Note that the constant (− 10.28) is specific for species living 
in mixed habitats. Accordingly, for a female mountain nyala, 
the predicted HR size would be 19  km2.

Habitat classification

We defined six habitat classes: grassland, forest, heath 
(dominated by Erica sp.), bushland, agriculture, and human 
settlement. We classified these habitats from SPOT images 
(2 m resolution) by a supervised classification (ERDAS 
Imagine) based on 220 ground-truthing locations (ERDAS 
1994; Dean and Smith 2003). Elevation and slope values 
were derived from a 90 m Digital Elevation Model (DEM; 
Jarvis et al. 2008). Geographic positions of settlements 
adjacent to the Gaysay Area were determined with hand-
held GPS (Atickem et al. 2014, for more details on habitat 
classification).

Habitat preference

To infer habitat preferences of the female mountain nyalas 
within our study area, we applied Generalized Linear Mod-
els (GLMs) with a use-availability design in R (Guisan and 
Zimmermann 2000; Johnson et al. 2008; R Development 
Core Team 2011). We used the animal locations as the sam-
ple unit in all analyses. Each location where a female was 
actually recorded (used location) was paired with one ran-
dom (available) location in the following way: the random 
location copied all the non-spatial variables from the used 

point (female ID, season, daytime/night) before adding new 
spatial covariates (distance to humans, habitat class) from 
the random location (van Beest et al. 2010). The response 
variable was binomially distributed and consisted of real 
points (GPS points of respective mountain nyalas, coded 1) 
and randomly sampled points (coded 0).

To account for temporal autocorrelation among observa-
tions, we estimated robust standard errors using the approach 
of Forester et al. (2009), i.e., we clustered the data based 
on the lag of the temporal autocorrelation and placed every 
other cluster in a second data set. The robust standard errors 
were calculated by averaging the covariance matrices for 
both subsets of data, while the parameter estimates represent 
fitted values from the full-data set.

Sample sizes differed among individuals. To prevent sam-
ple size bias, we weighted the contribution of each data point 
by a vector W = the lowest sample size across all individu-
als/sample size of the focal animal in the GLM using the 
weights argument. Parameter estimates of this analysis are 
log odds of use relative to reference categories of categorical 
variables and zero values of continuous variables.

Results

Home range size

A total of 31,649 GPS fixes (Table 1) were obtained from 
the seven females with an average of 4,521 GPS fixes 
[SD = 2368] per female. The GPS collars recorded fixes with 
an overall success rate of 92.1% (range between 82.8% and 
96.3%). On average, females were significantly more often 
located outside the protected area during nights (30% ± 33%) 
than during daytime (13% ± 18%, V = 2, n = 7, p = 0.021). 
However, there was a large inter-individual variation (2.3 
to 99.4%; Table 1).

The resulting average home range size of a female was 
5.7 ± 4.4  km2 and the mean core area size was 1.1 ± 0.79  km2 
(Table 2). This is only about 1/3 of the 19  km2 home range 
size predicted for the females from the Ofstad et al.’s (2016) 
equation. On average, 70% (SE = 30%, range: 22–100%, 
Table 2, Fig. 1) of the home range of the females was located 
inside the protected area, but there were large individual 
differences.

Habitat use and habitat selection

The Gaysay Area consisted of grassland (45.5%), forest 
(22.9%), bushland (19.4%), heath (5.5%), and others includ-
ing water bodies, roads, and settlements (6.8%). The area 
surrounding the Gaysay Area (buffer zone) was dominated 
by human settlement and crop fields.
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Habitat selection of the female mountain nyalas differed 
between seasons and between night and day for some, but 
not all, habitat types. Heath was avoided both day and 
night in both seasons. Bushland and grassland were pre-
ferred daytime habitats, but were avoided during the night 
(except bushland in the wet season). Forest was strongly 
preferred during day time and moderately preferred during 
the night in the dry season, while the preference of forest 
was neutral both in day and night in the wet season (Fig. 2, 
Table 3). All seven females avoided human settlements and 
agriculture in the day time.

Discussion

The Gaysay Area at the northern end of the BMNP has been 
the stronghold of mountain nyalas for over 4 decades and 
is home to 90% of the mountain nyala population in the 
park. The Gaysay Area is, however, small in size (31  km2) 
with many herbivore wildlife species and is under livestock 
grazing pressure (Atickem and Loe 2013). With this study, 
we demonstrated that the home range size of the female 
mountain nyalas is by far less than the home range size 
predicted for group-living species living in mixed habitats. 
Bushland and forest are the most preferred habitat types by 
female mountain nyalas and these habitats combined are 
much smaller (13  km2) suggesting the need for an exten-
sion of the protected area free from the impact of humans 
and livestock grazing. Hence, we recommend extending the 
protection of the Gaysay Area habitat against human set-
tlement and livestock grazing beyond the current 31  km2 
area toward the southern range of the mountains. During 
1986, this area was used intensively by mountain nyalas and 
used as a corridor to the eastern escarpments of the Bale 
Mountains (Afework et al. 2010). Since males roam farther 
and have usually larger home ranges than females (Hillman 
1986; Sillero-Zubiri 2013), an extension of the Gaysay Area 
will most likely also benefit the males.

The mean 95% of the home range estimate (5.3  km2) 
was only 28% of the home range expected for a 170 kg, 
group-living species living in a mixed habitat. The com-
paratively small and largely overlapping home ranges of 
female mountain nyalas may be due to the dense human 
population surrounding the park. It is reported that human-
dominated landscapes surrounded by a matrix exploited by 
agriculture or human settlement limit the ranging pattern 

Table 1  Number of fixes per 
female during day and night 
and proportion (%) of GPS fixes 
outside and inside the protected 
area during day and night

Female Total fixes Day/night fixes Out/in Day % Night %

F1 7561 Day 4454 Out 28.0 76.7
Night 3107 In 72.1 23.3

F2 7650 Day 4417 Out 1.8 2.3
Night 3233 In 98.2 97.7

F4 5574 Day 3187 Out 2.4 18.3
Night 2387 In 97.6 81.7

F5 2631 Day 1546 Out 2.6 22.9
Night 1085 In 97.4 77.1

F7 2917 Day 1638 Out 9.7 9.5
Night 1279 In 90.4 90.5

F8 3114 Day 1796 Out 0.5 0.6
Night 1318 In 99.6 99.4

F9 2202 Day 1273 Out 48. 8 77.6
Night 929 In 51.2 22.4

Mean ± SD 31,649 Day 18,311 Out 13.4 ± 18.3 29.7 ± 33.4
Night 13,338 In 86.6 ± 18.3 70.3 ± 33.4

Table 2  Size  (km2) of annual home ranges (HR) and core areas (core) 
of seven female mountain nyalas (fixed kernel estimate home range 
95%; core area 50%)

Also given is the deviation from the theoretically predicted 19  km2 
HR for a female mountain nyala, the proportion of the annual HR that 
lay within the protected area, and the HR and core area sizes in the 
wet and dry seasons

Female Annual  (km2) Dev predict Within

core HR % %

F1 0.8 4.2 − 77.8 38.1
F2 0.6 3.6 − 81.1 100.0
F4 1.2 7.1 − 62.6 83.5
F5 1.1 6.5 − 65.8 66.4
F7 2.8 14.4 − 24.2 77.7
F8 0.5 2.6 − 86.3 100.0
F9 0.7 5.2 − 72.6 22.0
mean ± SD 1.1 ± 0.8 5.7 ± 4.4 − 67.2 ± 20.7 69.7 ± 30.0
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Fig. 2  Habitat use of mountain 
nyala during day and night time

Table 3  A Generalized Linear 
Model for habitat selection of 
female mountain nyalas

Parameter estimates are log odds of use relative to reference categories of categorical variables and zero 
values of continuous variables. Spatial autocorrelation and different sample size are accounted for (see 
“Materials and methods”)

Estimate Robust SE z p

Intercept − 176.5900 11.1220 − 15.88  < 0.001
Vegetation (Heath-Forest) − 1.4953 0.2958 − 5.06  < 0.0000
Vegetation (Grassland-Forest) − 0.4430 0.1188 − 3.73 0.0002
Vegetation (Bushland-Forest) − 0.4442 0.1454 − 3.06 0.0022
Vegetation (Settlement-Forest) − 3.9325 0.6202 − 6.34  < 0.0001
Vegetation (Agriculture-Forest) − 4.5864 0.6839 − 6.71  < 0.0001
Slope (steep-flat) − 0.4618 0.2604 − 1.77 0.0762
Elevation 0.1087 0.0070 15.57  < 0.001
Elevation2 0.0000 0.0000 − 15.21  < 0.001
Distance to house − 0.0003 0.0003 − 1.00 0.3197
Distance to house2 0.0000 0.0000 2.15 0.0312
Season (Wet-Dry) − 1.2041 0.1861 − 6.47 0.0000
Light (Night-Day) 1.3873 0.1983 7.00  < 0.0000
Distance to house x Season 0.0009 0.0004 2.41 0.0160
Distance to house2 x Season 0.0000 0.0000 − 1.35 0.1784
Vegetation (Heath-Forest) x Season 0.0729 0.2934 0.25 0.8037
Vegetation (Grassland-Forest) x Season 0.6888 0.1242 5.55  < 0.0001
Vegetation (Bushland-Forest) x Season 0.8109 0.1509 5.37  < 0.0001
Vegetation (Settlement-Forest) x Season − 0.0834 0.3057 − 0.27 0.7850
Vegetation (Agriculture-Forest) x Season 0.6875 0.2438 2.82 0.0048
Vegetation (Heath-Forest) x Light 0.4053 0.2843 1.43 0.1539
Vegetation (Grassland-Forest) x Light − 0.4619 0.1146 − 4.03 0.0001
Vegetation (Bushland-Forest) x Light − 0.1751 0.1358 − 1.29 0.1971
Vegetation (Settlement-Forest) x Light 2.5837 0.6112 4.23  < 0.0001
Vegetation (Agriculture-Forest) x Light 3.6086 0.6735 5.36  < 0.0001
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and adversely affect the fitness of wildlife (Alfred et al. 
2012; Knüsel et al. 2019). There is reason to expect a large 
cumulate impact on the suite of large herbivores in the 
Gaysay Area; in addition to the mountain nyala population 
which is estimated to be about 840 individuals (Atickem 
et al. 2011). The Gaysay Area is home to many other her-
bivores including about 400 Bohor reedbucks Redunca 
redunca (Afework et  al. 2010), ca 600 common wart-
hogs Phacochoerus africanus (Deribe et al. 2008), and 
an unknown number of Menelik’s bushbucks Tragelaphus 
scriptus and gray duikers Sylvicapra grimmia. Also, there 
is extensive illegal grazing of domestic cattle (Atickem 
and Loe 2013). The carrying capacity of the Gaysay Area 
may limit further population growth of the herbivore com-
munity including mountain nyalas.

Protected areas are the primary biodiversity conserva-
tion strategy used across the globe to avert biodiversity loss 
(Chape et al. 2005). The effectiveness of the protected areas 
size, however, becomes controversial as wildlife populations 
decline from several protected areas (Tucker et al. 2014; 
Butchart et al. 2010; Scholte 2011; Ogutu et al. 2016). Noo-
nan et al. (2020) suggest the home range size of mammals 
on the bases of their body mass very much under estimated 
the home range size which possibly contributes for the sharp 
decline of large mammals. The decline is in particular severe 
for large mammals where Craigie et al. 2010 reported a 59% 
decline in large mammal population abundance in Africa’s 
Protected Areas in less than 40 years. Understanding the 
ecological requirement of large mammals and available 
resources in the protected area is key for reversing the cur-
rently observed decline of wildlife species (Gaston et al. 
2008; Cattarino et al. 2016). During the night, mountain 
nyalas spend a relatively higher proportion of their time 
outside the park than in the daytime. During the wet sea-
son, mountain nyalas may move out of the park for forag-
ing on the barley crop, but they also move toward human 
settlements to avoid hyena predation (Atickem et al. 2014), 
known as the human shield strategy (Berger 2007). While 
mountain nyalas are very shy in much of their range in the 
eastern escarpments of the Bale Mountains where legal and 
illegal hunting may occur, they are more tolerant of human 
presence in the protected Gaysay Area (Atickem et al. 2014). 
Therefore, range contraction due to human infrastructure 
may be expected to be stronger than in other areas inhabited 
by mountain nyalas.

For large herbivores, habitat selection is often a trade-off 
between foraging and avoidance of predators (Godvik et al. 
2009). Many prey species resolve this by selecting predator-
safe habitat during the time the predator is active and forag-
ing habitat, while the predator is inactive (Lone et al. 2017). 
The mountain nyalas moved out of the park, in particular 
during the dry season when no crop for forage is available, 
to avoid hyena predation (Atickem et al. 2014).

The resource selection index indicates that bushland 
and forest habitat are the most preferred habitat types for 
mountain nyalas, while agriculture and human settlements 
are the least preferred habitats. Heath bushland, one of the 
most important habitats for mountain nyalas (Brown et al. 
2012), is part of the Gaysay Area and was found to be among 
the least used and least preferred habitats during this study. 
From the geographic scale resource selection of mountain 
nyalas (Atickem et al. 2011), forest areas were found to be 
the most preferred habitat with the largest mountain nyala 
population, while mountain nyalas avoid human-influenced 
areas (agriculture and human settlement). The mountain 
nyala population of the Gaysay Area may be established due 
to its protected status rather than its habitat quality for for-
age in the first place. Mountain nyalas were not reported in 
the Gaysay Area during a survey by Brown in 1969 (Brown 
et al. 2012). Following the establishment of the park in 1970, 
the mountain nyala population dramatically increased from 
few individuals (Malcolm and Evangelista 2004) to 1100 in 
1986 (Afework et al. 2010). While the population may have 
increased through births, the increase likely represents high 
emigration from the surrounding mountains due to pressure 
from the human population and attraction to the protected 
status of the area. Since 1991, humans and their livestock 
have encroached upon BMNP leaving the Gaysay Area as 
the last stand refuge for the mountain nyala population (Ste-
phens et al. 2001).

Conclusion

Our study suggests that the currently protected area of the 
northern end of the Bale Mountains National Park, Gaysay 
area, is too small for the mountain nyala conservation. Given 
a large number of other herbivores and continued livestock 
grazing, the future long-term conservation of the endangered 
mountain nyala needs an additional protected area free from 
human activities and livestock grazing.
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