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A B S T R A C T   

Behavioral responses in wildlife due to human activities may often go unnoticed but have sig-
nificant effects on population viability. This is a particular concern with endangered species 
characterized by small population sizes. From June 2016 to May 2017, we measured the effects of 
human activities on daily the activity budget and home range size of mountain nyala (Tragelaphus 
buxtoni), an endemic antelope of the Ethiopian highlands. We tracked two groups of mountain 
nyala from two study sites that differ in the level of human activities; Adaba-Dodola Community 
Conservation Area (Adaba-Dodola CCA) and Arsi Mountains National Park (Arsi Mountains NP). 
Our results showed that the time spent on vigilance and movement was dramatically higher in 
Adaba-Dodola Community CCA, where human presence is significant, than in Arsi Mountains NP, 
whereas the opposite was true for time spent foraging and resting. In addition, mean home range 
size (95% KDE) was significantly larger for the Adaba-Dodola CCA group (13 ± 7.4 km2) than for 
the Arsi Mountains NP group (6.3 ± 2.7 km2) covering larger areas during the dry season (18.7 ±
6.9 km2) than the wet season (4.9 ± 1.0 km2). The finding that increased investment in vigilance 
and movement trade-off against the restorative behaviors of foraging and resting in human- 
disturbed areas have implications for conservation managements; specifically, it underscores 
the need to (i) establish the fitness consequences of behavioral changes, and (ii) monitoring 
behavioral change in the disturbed population with the aim of bringing it closer to the undis-
turbed baseline. The study highlights the importance of protected areas, limiting human activities 
and monitoring the behavioral change of endangered species in human-disturbed areas.   

1. Introduction 

Human activities can severely threaten the well-being of wildlife, not only by causing habitat loss and direct mortality, but also by 
altering the wildlife’s behavior (Wilson et al., 2020). This is particularly critical for large mammals (Blom et al., 2004). For example, 
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Fig. 1. Elevation map of the Adaba-Dodola CCA and Arsi Mountains NP in southeast highlands of Ethiopia.  
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previous studies on ungulates have documented human activities affecting escape responses (Stankowich, 2008), activity budgets (e.g. 
impala Aepyceros melampus; Wronski et al., 2015), habitat use (e.g. mountain gazelles Gazella gazelle; Manor and Saltz, 2003, 2005), 
and home range size (e.g. giraffes Giraffa camelopardalis; Knüsel et al., 2019). These changes in behavioral responses can have severe 
consequences. For example, Ciuti et al. (2012) showed that increased vigilance behavior caused by human activities can result in 
reduced reproductive success. This may be explained by a trade-off between the time and energy spent being alert and the time spent 
for foraging (Wang et al., 2011). 

Understanding activity budgets and home range requirements are vital for effective conservation and management planning 
(Cooke, 2008; Tadesse and Kotler, 2013; Allen and Singh, 2016; Knüsel et al., 2019; Tang et al., 2019). The differences in the activity 
budget result from a trade-off between foraging activity, reproductive opportunities, and environmental constraints (Shi et al., 2003). 
Human activities and presence in the environment inevitably cause changes in the surroundings (Mangiacotti et al., 2013), including 
changes in forage availability and quality. The change in quantity and quality of forage affect activity budget, and behavioral changes 
associated with changes in environmental conditions serve as indicators of habitat status (Morris et al., 2009). Quantifying home range 
size also provides ecological information and is influenced by the human presence and anthropogenic changes to the environment 
(Viana et al., 2018). The anthropogenic changes in the environment reduce food availability cause species to disperse to meet their 
dietary needs, varies across sites due to resource availability, which aids in the conservation planning of endangered species (Plotz 
et al., 2016). 

The mountain nyala (Tragelaphus buxtoni) is an endemic antelope listed as Endangered on the International Union for Conservation 
of Nature (IUCN) Red List of Threatened Species (IUCN, 2016). The species is known to inhabit the Afroalpine and montane vegetations 
of the Bale, Arsi, and Ahmar Mountains in the southeast highlands of Ethiopia (Blower, 1968; Brown, 1969; Evangelista et al., 2008, 
2012). However, livestock grazing, deforestation (Kubsa and Tadesse, 2002; Tadesse et al., 2014), agricultural expansion (Kindu et al., 
2015), and rapid land conversion (Tadesse et al., 2014; Young et al., 2020) have resulted in significant habitat loss. In addition, 
growing human populations and intensified activities are known to affect mountain nyala population dynamics (Mamo et al., 2010), 
population densities (Bunnefeld et al., 2013), distribution patterns (Atickem et al., 2014) and abundance (Atickem and Loe, 2014). As a 
result, the species has been driven out of much of its former range, and at present, only exists in fragmented and isolated populations 
(Evangelista et al., 2015). Few prior studies have been conducted on the effect of sex-age class and seasonality on the activity budget of 
mountain nyala in a dry Afromontane forest, plantation and cleared-vegetation habitat (Tadesse and Kotler, 2013) and the foraging 
behavior of the species (Atickem and Loe, 2014), with the emphasis on sexual variations. The proportion of time spent on vigilance, 
moving, and feeding varies by season, with vigilance being highest in the wet season and moving highest in the dry season. During the 
dry season, vigilance was likewise highest in cleared vegetation compared to Afromontane forest and plantation habitat. Neither of 
these studies, however, assessed the effect of human activities on the species’ activity budget and estimated home range size in its 
typical Ericaceous habitat. 

In this study, we aimed to investigate the effect of human activities on the activity budgets and home range size of an endangered 
species, the mountain nyala, and its possible variations over seasons. Specifically, we (1) compared the activity budget between two 
mountain nyala study groups, i.e. from the Adaba-Dodola Community Conservation Area (Adaba-Dodola CCA), where human ac-
tivities are significant, and the Arsi Mountains National Park (Arsi Mountains NP), where human activities are strictly regulated, (2) 
determined the home range size of the mountain nyala in the two study sites. 

2. Materials and Methods 

2.1. Study areas 

2.1.1. Adaba-Dodola Community Conservation Area 
The Adaba-Dodola Community Conservation Area (Adaba-Dodola CCA) is located between 6◦41’ to 6◦52’ N latitude and 39◦5′ to 

39◦24’ E longitude (Fig. 1). The Adaba-Dodola CCA covers 499 km2 with elevations ranging from 2400 to 3764 m a.s.l. (Bogale, 2011). 
The area has a bimodal rainfall distribution with annual mean precipitation ranging from 878 mm to 1089 mm (Gelashe, 2017), while 
mean minimum and maximum temperature recorded are 4 ◦C and 24 ◦C, respectively (Nega, 2014). 

The Adaba-Dodola CCA vegetation is characterized by Afroalpine and subalpine vegetation at higher elevations (> 3200 m above 
sea level) (Uhlig, 1988; Friis et al., 2010; Ameha et al., 2014a) and dry Afromontane forest at the lower elevation (Gelashe, 2017; Asefa 
et al., 2020). The Afroalpine vegetation is distinguished by short vegetation (Vial et al., 2011) and home to endemic plants such as the 
giant Lobelia rhynchopetalum (Miehe and Miehe, 1994; Asefa et al., 2020). The dry montane forest is dominated by Juniperus procera 
and Podocarpus falcatus (Friis et al., 2010). 

Since 1995, the Adaba-Dodola CCA has been supported by the Integrated Forest Management Project (IFMP), a joint project of 
Ethiopian and Germany’s governments (Kubsa and Tadesse, 2002; Watson, 2013). The IFMP has developed a conservation approach 
known locally as WAJIB (“WAJIB” is an abbreviation for “Forest Dwellers’ Association” in Afan Oromo language), which is a joint 
management organization that considers residents as a key conservation stakeholders (Borrini-Feyerabend et al., 2004). This type of 
management grants exclusive user rights to the recognized members (Kubsa and Tadesse, 2002), ensures the sustainability of forest 
resources (Tefera, 2011), and helps to share the benefit of wildlife conservation with the local communities (Tessema et al., 2010). 
However, habitat loss from agricultural expansion, illegal human settlements (Kubsa and Tadesse, 2002; Gelashe, 2017), livestock 
grazing, and high demand and uncontrolled access to the forest (Ameha et al., 2014b; Wilder, 2016) are threatening wildlife con-
servation and the survival of mountain nyala. Trophy hunting for mountain nyala has been permitted in the Adaba-Dodola CCA since 
2011, where up to three bulls are allowed to be harvested annually. The federal Ethiopian Wildlife Conservation Authority governs this 
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licensed trophy hunting in partnership with regional governments (Fischer et al., 2015). 

2.1.2. Arsi Mountains National Park 
Arsi Mountains National Park (Arsi Mountains NP) covers 939 km2 in the southeast highlands of Ethiopia (Fig. 1). The park is 

located between 7◦18’ to 8◦22’ N latitude and 39◦1′ to 39◦33’ E longitude. The government established Arsi Mountains NP to preserve 
threatened species and the fragile ecosystem. The park has four fragmented blocks (Young, 2012): Chilalo-Galama, Kaka, Hunkolo, and 
Dhera-Dilfaqar. The average annual rainfall ranges from 779 mm to 1090 mm, and the average monthly minimum temperature of 
11 ◦C and maximum of 22 ◦C (Girma et al., 2018). 

The vegetation at the lower elevation (upper limit at about 3300 m a.s.l.) belongs to the dry evergreen Afromontane forest 
dominated by Juniperus procera and Hagenia abyssinica (Hedberg, 1971). The vegetation above 3300 m a.s.l. are referred to as the 
subafroalpine and Afroalpine vegetation (Hedberg, 1971; Miehe and Miehe, 1994). Despite its designation as a national park, Arsi 
Mountains NP is subjected to intense human activity (Kostin et al., 2019). The main activity in Arsi Mountains NP is livestock grazing, 
which often includes the intentional burning of Erica to increase forage production. In recent years, the expansion of human settlement 

Fig. 2. Habitat characteristics of Adaba-Dodola CCA and Arsi Mountains NP study sites. (A) Human disturbance level, (B) habitat use by livestock, 
(C) average vegetation cover, and (D) average vegetation height. 
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and associated agriculture in higher elevations pose conservation challenges in the national park. The mountain nyala population 
status is known from short-term studies (Evangelista et al., 2007). Between 2000 and 2003, the population was estimated to be 130 
individuals (Malcolm and Evangelista, 2011), and currently estimated to be 108 individuals (Ejigu Alemayehu Worku, unpublished 
result). 

2.2. Assessment of human activities 

We established 14 line transects and randomly generated 200 plots (5 m x 20 m) to quantify the level of disturbance, the frequency 
of livestock dung piles, vegetation cover and height. The field survey was conducted using Intensive Modified-Whitaker (I-MW) nested 
plot design (Barnett and Stohlgren, 2003), with 100 plots in Adaba-Dodola CCA and 100 plots in the Arsi Mountains NP (Supple-
mentary Fig. 1 and Fig. 2). The I-MW plot is framed within an outer 100-m2 plot (5 m x 20 m) with four 1-m2 subplots (0.5 ×2 m2) in a 
fixed location within its perimeter and one 10-m2 (2 m x 5 m) subplot in the center. In each plot, we recorded the data on anthro-
pogenic disturbance noting any sign of habitat use by livestock, fodder collection and forest uses such as woodcutting. We also 
recorded the vegetation cover and height for the four 1 m2 subplots. In addition, the number of people traveling on foot and riding 
horses and was counted during the behavioral observations (cf. Section 2.3) (Manor and Saltz, 2003) and was also used as a proxy for 
human activity (Wronski et al., 2015). We also continuously recorded the number of livestock herds passed through each study site 
during the behavioral observations. 

2.3. Study groups and behavioral observations 

We selected two mountain nyala study groups. The study groups had relatively stable number of individuals throughout the year, 
with 13 individuals in Adaba-Dodola CCA and 12 individuals in Arsi Mountain NP. The nearly equal group size between the two study 
sites aids in avoiding the ‘the many-eyes effect’ as group size with other environmental factors influences activity budgets. The study 
groups comprise adult females and offsprings. When the study groups split, the observers followed the larger sub-group during the 
behavioral observation. 

Before the actual data collection, we habituated the study groups to the data collectors, taking care not to disturb the animals before 
or during the actual behavioral observations. We conducted field observations from early morning (06:00 h) to late afternoon 
(18:00 h) for five days each month from June 2016 to May 2017. We used instantaneous scan sampling (Altmann, 1974) of up to five 
minutes long at 15-minute intervals to determine the proportion of time spent on various behavioral activities. The behavioral states 
were observed with the aid of Nikon 10 × 50 binoculars and reported as (1) foraging (actively ingesting or chewing food); (2) vigilance 
(scanning their surroundings with ears erect position, head raised, and ears focusing in different directions); (3) resting (inactive, 
ruminating or sleeping); (4) movement (head-upright locomotion either walking or hurrying); (5) other (other activities that do not fit 
in any of the above behaviors performed with very low frequencies). For each study group, we calculated the percentage of time spent 
on each behavioral activity (excluding records that were not visible). We also pooled activity records into monthly periods and seasons 
to compare activity budgets between the study groups. 

During our observation period, we recorded the study groups’ spatial position every hour using a Global Positioning System (GPS) 
for five days each month, making 60 all-day follows per study group. A total of 1440 locations were obtained in both study sites. The 
GPS location points were collated for each group and used to estimate home range sizes. We subdivided the locations into dry (October 
to January), intermediate (February to May), and wet (June to September) seasons. 

2.4. Statistical analyses 

All statistical analyses were performed using the statistical software R version 4.0.4 (R Development Core Team, 2021) and the 
spatial analyst extension in ArcGIS 10.8.1 (ESRI, 2020). The Mann-Whitney-Wilcoxon test was used to compare the two study sites in 
terms of human activity, average animal dung pile count, vegetation cover and vegetation height. 

The proportion of time spent in each of the five behavioral categories (i.e., foraging, vigilance, resting, moving and other) was 
calculated for each study group by dividing the number of occurrences of a particular activity by the total number of sightings. The 
Mann-Whitney-Wilcoxon test was used to compare the proportions of time spent foraging, moving, vigilance, and resting between the 
two study groups, and the Kruskal–Wallis test was used to compare between seasons. We also used the Pearson Correlation to test the 
relationship between the behavioral activities and human activity. We also used a general linear mixed-effects model from the package 
lme4 to analyze time spent on behavioral activities, and we log transformed the response variable (percent of time spent on behavioral 
activities) to prevent model fit problems. 

We used Kernel Density Estimations (KDEs) with ’href’ smoothing parameter using the package ’adehabitatHR’ to estimate home 
range size (Calenge, 2015). KDEs measure utilization distribution and are the most widely used techniques for home range size analysis 
(Plotz et al., 2016). We used 95% kernel isopleths (95% KDE) and 50% kernel isopleths to depict core areas (50% KDE) of the two study 
groups (Worton, 1989) to estimate seasonal home range sizes. We used the Mann-Whitney-Wilcoxon test to compare the 95% and 50% 
KDE between the two study groups and linear models to compare seasonal changes in 95% and 50% KDE for each group separately. 
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3. Results 

3.1. Assessment of human activities 

Comparatively high level of human activities and habitat use by livestock were observed in the Adaba-Dodola CCA compared to the 
Arsi Mountains NP. We found a significant difference in the level of human activities (Wilcoxon test, p < 0.05, effect size r = 0.84) 
between the study sites, with an average total disturbance of 56.7% ( ± 21.1) in Adaba-Dodola CCA relative to the Arsi Mountain NP 
(4.76 ± 3.9). Habitat use by livestock also varied between the two study sites (Wilcoxon test, p < 0.05, effect size r = 0.87). We also 
found a significant difference in average vegetation height (Wilcoxon test, p < 0.05, effect size r = 0.56) and cover (Wilcoxon test, 
p < 0.05, effect size r = 0.79) between the two study sites (Fig. 2). 

3.2. Daily activity budget 

We obtained 7755 individual activity records for Adaba-Dodola CCA and 9583 individual activity records for Arsi Mountain NP, 
totaling 17,338 individual activity records from 3468 scan samples. In total, mountain nyala groups were observed for 867 h in both 
study sites (Table 1). 

The time observed with each behavioral category for mountain nyala in the Adaba-Dodola CCA was foraging 35.3% ( ± 0.9), 
vigilance 32.3% ( ± 0.9), moving 23% ( ± 0.8), resting 5.7% ( ± 0.4) and other 3.8% ( ± 0.3). However, mountain nyala in Arsi 
Mountains NP spent 55.2% ( ± 1.1) of their time foraging, moving 16.1% ( ± 0.6), vigilant 14.5% ( ± 0.5), resting 10.9% ( ± 0.1) and 
others (3.2 ± 0.4%) (Fig. 3). The time spent on foraging, moving, vigilance, and resting represented more than 95% of the total 
observation time. Other behavioral categories performed with low frequency accounted for less than 4% of the observations. 

The percentage of time mountain nyala spent foraging, moving, vigilance, and resting differed significantly between the two study 
groups. We found a statistically significant difference in vigilance (Wilcoxon test, p < 0.05, effect size r = 0.84) and moving (Wilcoxon 
test, p < 0.05, effect size r = 0.85) percentages between the two study groups, with greater percentages observed at the Adaba-Dodola 
CCA relative to the Arsi Mountain NP. We also found a significant difference in the foraging (Wilcoxon test, p < 0.05, effect size 
r = 0.85) and resting (Wilcoxon test, p < 0.05, effect size r = 0.65), with greater percentages observed at the Arsi Mountain NP 
relative to the Adaba-Dodola CCA. 

Mountain nyala diurnal activity budgets showed significant seasonal variation in the proportion of time spent foraging (Kruskal- 
Wallis χ2 = 8.3, d.f. = 2, P = 0.01), with this activity being more common during the dry season than during the wet season. Significant 
seasonal variation in the proportion of time spent vigilant ( χ2 = 8.7, d.f. = 2, P = 0.01), moving (Kruskal-Wallis, χ2 = 6.1, d.f. = 2, 
P = 0.03) and resting (χ2 = 8.3, d.f. = 2, P = 0.01) in the Adaba-Dodola CCA were also observed (Fig. 4 A). Time budgets for mountain 
nyala in Arsi Mountains NP were similar between wet, intermediate and dry seasons for moving (χ2 = 2.6, d.f. = 2, P = 0.3), vigilant (χ2 

= 2.6, d.f. = 2, P = 0.3), and resting (χ2 = 3.9, d.f. = 2, P = 0.1) except foraging (Kruskal-Wallis χ2 = 8.8, d.f. = 2, P = 0.01) (Fig. 4B). 
The number of humans per day was found to be negatively correlated with foraging (R= − 0.68, P < 0.05, n = 60, Fig. 5A) and 

resting (R= − 0.48, P < 0.05, n = 60, Fig. 5D), with decreasing activities and with increasing human movements. By contrast, the 
number of humans observed was found to be positively correlated with vigilance (R= 0.8, P < 0.05, n = 60, Fig. 5B) and movement 
(R= 0.45, P < 0.05, n = 60, Fig. 5C). We found that number of humans and livestock in the mountain nyala range affects the 
behavioral activities of the species (Supplementary Table 1). 

Table 1 
Information for behavioral scanning of mountain nyala in Adaba-Dodola CCA and Arsi Mountains NP.  

Month Adaba-Dodola CCA Arsi Mountains NP  

No. of observation 
hours 

No. of individual 
scans 

No. of activity 
records 

No. of observation 
hours 

No. of individual 
scans 

No. of activity 
records 

June 28.45 113.8 569 39.05 156.2 781 
July 29.1 116.4 582 42.25 169 845 
August 23.8 95.2 476 38.75 155 775 
September 33.15 132.6 663 39.3 157.2 786 
October 40 160 800 38.85 155.4 777 
November 43.75 175 875 37.45 149.8 749 
December 33.65 134.6 673 37.8 151.2 756 
January 38.55 154.2 771 41.25 165 825 
February 28.95 115.8 579 43.45 173.8 869 
March 32.1 128.4 642 40.35 161.4 807 
April 28.05 112.2 561 40.9 163.6 818 
May 28.2 112.8 564 39.75 159 795 
Total 387.75 1551 7755 479.15 1916.6 9583 
Average 32.3 129.25 646.25 39.93 159.72 798.58 
SD 5.1 23.4 116.8 1.79 7.14 35.72  
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Fig. 3. Mean percentage of time ( ± SE) devoted to each of the behavioral categories in the Adaba-Dodola CCA and Arsi Mountain NP. An asterisk 
indicates significant differences for that activity category, as demonstrated through the non-parametric Mann-Whitney test. 

Fig. 4. Seasonal variations in time budgets of mountain nyala for various activity categories in (A) Adaba-Dodola CCA and (B) Arsi Mountains NP at 
different seasons. 
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3.3. Home range sizes 

During the one-year study period, we recorded 1440 GPS locations for the two study groups (Adaba-Dodola CCA = 720; Arsi 
Mountain NP = 720). The means ± SD of the 95% and 50% KDE home range sizes across the three seasons were 13 ± 7.4 km2 and 
3.3 ± 1.8 for Adaba-Dodola CCA, and 6.3 ± 2.7 and 1.7 ± 0.9 for Arsi Mountain NP, respectively (Fig. 6; Table 2). 

We found a significant difference in 95% KDE and 50% KDE (Wilcoxon test, W = 112.5, p < 0.021) between the study groups, with 
greater home range size observed at the Adaba-Dodola CCA relative to the Arsi Mountains NP. The 95% and 50% KDE were also 
significantly affected by seasonality except for the intermediate season range of Adaba-Dodola CCA (Supplementary Table 2). 

4. Discussion 

4.1. Daily activity budget of mountain nyala 

From the monitoring of the two study groups for one year, significant differences in the percentages of time spent foraging, vig-
ilance, moving, and resting were found between the two study groups. The differences in behavioral activity budgets can largely be 
attributed to the high human activities and livestock grazing. The level of human activities in the Adaba-Dodola CCA was significantly 
higher than in the Arsi Mountains NP (Fig. 2), and this was primarily due to direct human presence and livestock grazing. The high 
level of human activities increased the time spent on vigilance and movement and decreased the time spent on foraging and resting (i. 
e., restorative behaviors) in the mountain nyala population. This elevated vigilance and movement level (i.e., costly behavioral ac-
tivities) entail a foraging cost (Fortin et al., 2004), given that vigilance and foraging are the two main behavioral activities of mountain 
nyala (Tadesse and Kotler, 2013). Additionally, our results showed that mountain nyala decreased resting time. Other studies also 
showed that human activities increase the amount of time spent in vigilance and movement in mountain gazelle (Gazella gazella) 
(Manor and Saltz, 2003), red deer (Cervus elephus) (Jayakody et al., 2008), and impala (Aepyceros melampus) (Setsaas et al., 2018). 

Fig. 5. Mountain nyala foraging (A), vigilance (B), moving (C) and resting (D) activity in relation to the number of humans observed per day.  
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Due to the high human and livestock presence and the relatively low vegetation cover in the Adaba-Dodola CCA, mountain nyala 
may reduce their daytime feeding durations or shift their foraging times from day to night. Other studies have also found that southern 
bushbuck (Tragelaphus scriptus) and blue duiker (Philantomba monticola) performed most of their activity at night in response to 
anthropogenic disturbances (Smith et al., 2019). More than 500,000 head of livestock seasonally graze within the Adaba-Dodola CCA 
(Kubsa and Tadesse, 2002), and this disturbance may ultimately affect the mountain nyala population persistence. 

The proportion of time spent foraging in both study sites varies with seasons, foraging more time during the dry than the wet season 
(Fig. 4A and B). The high level of human activities and livestock grazing, together with low quality and quantity of forage, may have 
forced mountain nyala to spend on foraging during the dry season. Conversely, the reduced foraging behavior of mountain nyala 
during the wet season is probably due to the increased forage availability and quality. This may reflect the species behavioral response 
to differences in the seasonal and spatial variation of food availability (Shi et al., 2003). Several studies have also shown that foraging 

Fig. 6. Map showing home range estimates for the two mountain nyala study groups in the Adaba-Dodola CCA and Arsi Mountains NP, Ethiopia. 
Orange refers to the 95% and green to the 50% Kernel density estimate (KDE) for the dry, intermediate, and wet seasons. (For interpretation of the 
references to colour in this figure legend, the reader is referred to the web version of this article.) 

Table 2 
Home range sizes of mountain nyala study groups in Adaba-Dodola CCA and Arsi Mountains NP, Ethiopia estimated based on 95% fixed kernel density 
estimator (95% KDE) and core area (50% KDE).  

Study sites Seasons 95% KDE (km2 ± SD) 50% KDE (km2 ± SD 

Adaba-Dodola CCA Dry 18.7 ± 6.9 4.6 ± 1.5  
Intermediate 16.2 ± 3.1 4.1 ± 1.5  
Wet 4.9 ± 1.0 1.5 ± 0.4  
Mean 13 ± 7.4 3.3 ± 1.8 

Arsi Mountains NP Dry 9.1 ± 1.0 2.7 ± 0.4  
Intermediate 6.2 ± 0.8 1.7 ± 0.3  
Wet 3.4 ± 1.8 0.9 ± 0.4  
Mean 6.3 ± 2.7 1.7 ± 0.9  
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increases during the dry season (Owen-Smith, 1979), a time when food resources are scarce in terms of both quality and quantity. 

4.2. Home range sizes of mountain nyala 

The effects of human activities were not limited to changes in activity budget but also observed to significantly impact home range 
sizes. Our results showed that the mountain nyala home range size in the Adaba-Dodola CCA (13 ± 7.4 km2) was larger than the Arsi 
Mountains NP study group (6.3 ± 2.7 km2) (Table 2 and Fig. 6). The size of home ranges varies with the level of human disturbance, 
where larger home range sizes were recorded in areas subjected to more severe disturbance (Hovick et al., 2014). The larger home 
range may also be related to reduced habitat quality (Mueller and Fagan, 2008; Viana et al., 2018), where animals move across large 
areas to meet their energy requirements and vegetation cover (Fischer and Linsenmair, 2001). Studies have also shown that large 
herbivores in human-disturbed habitats are known to use a larger home range to meet nutritional demands in giraffes (Giraffa 
camelopardalis) (Knüsel et al., 2019) and female red deer (Cervus elaphus) (Jeppesen, 1987) than in protected habitats. These distur-
bances, including livestock grazing, are likely to reduce resource availability and cover, forcing individuals to increase their move-
ments to obtain resources (Knüsel et al., 2019). 

The livestock pressure has negative impacts on the mountain nyala population (Mamo and Bekele, 2011), Erica vegetation 
regeneration (Gebre Kidan, 1996), and a common conservation threat in the majority of protected areas in Ethiopia (Stephens et al., 
2001). On the other hand, mountain nyala are better protected from human activity and livestock grazing in Arsi Mountains NP. More 
research is needed, however, to understand the types of human activities that have a major effect on activity budgets and home range 
size because some disturbances are more likely to have a greater effect than others. 

Our results showed that the mean and seasonal home range sizes vary; the smallest are during wet, then smaller during inter-
mediate, and the largest are during dry seasons (Table 2; Fig. 6). This is in line with the findings of Sillero-Zubiri (2013), who found 
that home ranges in the dry season were much larger than in the wet season. Similar results were also reported in nyala (Tragelaphus 
angasii) (Hart et al., 2013) and female kob antelopes (Kobus kob kob) (Fischer and Linsenmair, 2001) with a larger dry season home 
range when moving to meet food and shelter requirements. Variations in local weather also impact home range size (Rivrud et al., 
2010). The home range size and precipitation are also negatively correlated in giraffe (Giraffa camelopardalis) (Knüsel et al., 2019), and 
precipitation appears to be a predictor of seasonal home range size (Janse van Rensburg et al., 2018). Furthermore, because pre-
cipitation is seasonal in the current study area, it is likely to be a major determinant of plant phenology and, as a result, food avail-
ability (Janse van Rensburg et al., 2018). Animals in forage-rich areas have smaller home ranges than those in forage-deficient areas 
(Rivrud et al., 2010). Similarly, variations in topography also influence the size of home ranges as movement in sloppy areas is more 
energetically costly (Mcloughlin and Ferguson, 2000; Anderson et al., 2005). 

To conclude, we found that extensive human activities appeared to affect the activity budget and home range size of mountain 
nyala in the Ericaceous habitat. Our analysis found that human presence and vigilance were shown to be positively correlated, while 
human presence and foraging were found to be negatively correlated. The effects of human activities and livestock grazing in the 
region result in foraging and resting costs from high level of vigilance and movement. We do, however, suggest more study and 
continuous behavioral monitoring aimed at combining behavioral responses with physiological aspects of the species in order to 
provide detailed information for conservative management. 

4.3. Implications for conservation 

Understanding how human activities impact behavioral patterns and home range size is essential for conservation efforts. Overall, 
our findings indicate that intensive human activities increased vigilance, movement, and home range size in mountain nyala. 
Mountain nyala adjusted their activity budget and home range size to survive in the highly disturbed habitat. Hence, this research adds 
to our understanding of the adaptive behavioral ecology of the species, and future research should prioritize the fitness cost associated 
with human activities as well as measures that conservationists might employ to lower these foraging costs. Hence, the high level of 
human activities, livestock grazing, and human encroachment in and around Adaba-Dodola CCA should be regulated. In light of these 
results, we suggest a decrease in human activities in the Adaba-Dodola CCA as it affects the time budget of mountain nyala, and a 
decrease in human activity is expected to an increase in foraging time. Direct and uncontrolled exploitation of resources from the 
Adaba-Dodola CCA makes the habitat vulnerable and could be minimized. Understanding the effects of intensified human activities on 
the mountain nyala population will help the management authorities and stakeholders for conservation and management of mountain 
nyala areas. 
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