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Abstract
Background: The availability of preferred habitats determines the spatial and temporal distribution of
herbivores in savanna ecosystems. Understanding habitat preference of a targeted wildlife species is
crucial for developing effective conservation strategies. Habitat preference of large grazers in connection
to grass height and post-�re effect has been debated for the last century. Here, we examined the effects
of season, grass height and burning on the habitat preference on Swayne’s hartebeest (Alcelaphus
buselaphus swaynei) in Maze National Park. Data for seasonal habitat selection were collected using
both direct observation along established transect lines and pellet counting using permanently
established plots. Every month, we measured grass height commonly preferred by Swayne’s hartebeest in
grassland habitat. Starting from the �rst week of burning, we recorded the abundance of Swayne’s
hartebeest in both burned and unburned grassland patches. Results: From detected pellets, 94.3% were
recorded in the grassland habitat indicating that other habitat types are less used despite their extensive
cover > 50% of the Park. During wet and early dry seasons, Swayne’s hartebeest exclusively preferred
grassland habitat. We found that 85.2% (n=1,079) and 85.3% (n=593) of individuals observed in areas
with a grass height below 30 cm during wet and early-dry seasons, respectively; while 70.9% (n=2,288)
preferred grass height below 30 cm during the dry season. The density of Swayne’s hartebeest in burned
grassland area was higher than unburned grassland areas up to 150 days since burning. However, in
unburned grassland areas, the density was initially low but showed increasing trend for consecutive days,
reaching similar density with burned areas after 150 days since burning. Conclusion: Swayne’s hartebeest
exclusively preferred grassland habitat, particularly during wet and early-dry seasons, shortest available
grass height in all seasons and were attracted to burned grassland areas. Our results suggested that �re
played an important role in maintaining habitat quality in grassland, and that management should
continue using controlled burning as a tool for the conservation of Swayne’s hartebeest. However, we
remain cautious of our �ndings given the paucity of information regarding other confounding factors and
the absence of long-term data on �re disturbance.

Background
Identifying the quality and preference of different habitat types are crucial for developing conservation
strategies of a targeted wildlife species [1-5]. Herbivores are known to select habitats that provide
maximum forage intake [6, 7], while reducing predation risk [5, 8]. There are several factors that can
determine the spatial and temporal distribution of herbivores in savannas ecosystems. These include the
availability of resources [3, 9-12], predation risk [5, 8], �re [13-15], vegetation  height and cover [16-18],
human presences and livestock density [19-21]. Since a habitat type may not always have adequate
resources, the trade-offs between costs and bene�ts associated with searching and utilizing forage can
limit herbivore selection [22]. Moreover, spatial variation in relative availability of different habitat types
may result in dissimilar habitat selection among individuals of the same species [23, 24].

In savanna grassland, where there is a cyclic rainfall, �re is used as one of the most important habitat
management tool for herbivores [2, 14, 25, 26]. Understanding how wildlife species respond to �re effects
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is crucial, particularly for endangered species that have limited range [15, 26]. Fire effects grass height,
which in turn effects habitat preference of herbivores [25, 27]. Previous studies [17, 22, 23] have identi�ed
the trends of large grazers’ habitat preference in response to grass height and post-�re effect on
vegetation. Herbivores could optimize their daily forage need where they are able to access the preferred
grass heights [28, 29]. There is a general consensus that grass height has a major in�uence on the spatial
and temporal distribution of herbivores, and resource partitioning among herbivores could also occur
through differential selection of grass height [30, 31]. The grass height has been demonstrated to exert a
major in�uence on bite size that in turn impacts on food intake rate achieved by grazing herbivores [24,
28, 32].

Larger body sized herbivores (>100 kg body weight) [22, 33] are expected to graze taller grasses to meet
their quantitative food requirements [18, 34], while smaller body-sized herbivores can achieve an
adequate amount of food intake from short grass swards [35, 36]. In theory, shorter grasses are generally
leafy with higher proportion of nutrients and preferred by many small body-sized herbivores [22], while 
larger body-sized herbivores can tolerate poorer quality food provided by the taller grasses [18, 33]. When
grass grows and matures, its nutritional quality decreases [9, 18, 32, 37]. This can be demonstrated by the
decrease proportion of leaves and the nitrogen content (both indicating high grass quality) in the grass
with increasing grass mass in savanna ecosystem [38].

In African savannas, frequent burning of grass in�uences the habitat selection of herbivores due to
impacting forage quality and reducing predation risk [15, 39], and it is a key element in predicting habitat
selection by speci�c species [24]. Fire plays a determinant role in the ecology and evolution of grassland
ecosystems [13, 40, 41], and has historically, and still today, been used as a tool for managing grassland
vegetation [27, 42]. Post-�re regrowth of grass in�uences the dry season habitat use of many herbivore
species [27, 43]. However, there have been arguments among ecologists how burning affects habitat
selection of large body-sized herbivores.

Small body-sized herbivores might prefer burned areas more than large body-sized herbivores due to
differential preferences in relation to forage quality [44]. However, another study revealed that �re does
not have relationship between body size and use of burned areas [23]. Several studies [14, 23, 45] found
that decreasing �re frequency increases vegetation cover and tree densities, which in turn decreases
visibility and the subsequent ability of herbivores to detect and escape from predators. As a result,
herbivores may avoid areas with relatively denser vegetation cover or spend more time in those areas for
vigilance rather than foraging [14]. Hence, herbivores foraging in burned areas may represent either
acquiring quality forage or avoiding predators.

Swayne’s hartebeest (Alcelaphus buselaphus swaynei) is a large body-sized herbivore  weighing between
100 to 200 kg [46]. It was once widely distributed in Ethiopia, Somalia and Djibouti [47], but currently its
range is con�ned in two protected areas: Senkele Swayne’s Hartebeest Sanctuary and Maze National
Park in Ethiopia [46, 48, 49] and listed as endangered sub-species by IUCN Red list [50]. In our recent
study, we documented the largest population of Swayne’s hartebeests in Maze National Park (Misganaw
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et al. unpublished), which remains unstudied and receives little attention from the scienti�c community.
Seasonal burning is used as a habitat management tool in the Park, but how the Swayne’s hartebeests
respond to post-�re effect and grass height preferences in different season remain untouched. Despite its
small area, the Park has different habitat types [46]. While hartebeest are known to be grazers [51, 52],
there may be conditions that enforce Swayne’s hartebeests to utilize bushland and forest habitats in
different seasons. Therefore, the aim of this study was to examine: (1) the extent of different habitats
used  by Swayne’s hartebeest, (2) the grass height preference of Swayne’s hartebeest, (3) the density of
Swayne’s hartebeest in different seasons, and (4) how Swayne’s hartebeest respond to post-�re effect in
consecutive days since burning in grassland areas.

Results
Habitat selection

During the dry season, we recorded 6,288 Swayne’s hartebeest pellets. Of this, 5,931 (94.3%) were in the
grassland habitat, 131 (2%) in the riverine forest, 119 (1.9%) in the plain bushland habitat. The rest 107
(1.7 %) pellets were found in sloppy bushland, rugged bushland and neighboring agricultural areas.
Swayne’s hartebeests selected grassland habitat, while avoiding the remaining �ve habitats (Table 1).
Additionally, the grassland habitat had a signi�cantly higher pellet density than the other habitat types
(Fig. 2).

We recorded a total of 154 and 93 of either an individual or herds of Swayne’s hartebeest observation
points during wet and early dry seasons, respectively. All observations were exclusively recorded in
grassland habitats. We did not observe Swayne’s hartebeests in other habitat types, because they did not
use other habitat types except grassland in both seasons. Of those observation points, we recorded 1,269
and 723 Swayne’s hartebeests during wet and early-dry seasons, respectively. During the wet season, no
monthly variation on density (individuals/km2) of Swayne’s hartebeest was found. However, during the
early dry season the Swayne’s hartebeests were more dispersed to the periphery and the density showed
signi�cant decrease with increasing time across months (Table 2).

Grass height preferences

The random grass height measurements in Maze National Park showed a signi�cant increase of grass
height with increasing time (Fig. 3).

During the dry season, we recorded 3,225 grazing events while studying their grass height preference. Of
this, 2,288 (70.9%) individuals were recorded below 30 cm grass heights. The rest 540 (16.7%), 258 (8%)
and 139 (4.3%) of grazing events were recorded between 31–50 cm, 51–100 cm and above 100 cm grass
heights, respectively.  During the wet season, we recorded 1,266 grazing events. Of this, 1,079 (85.2%)
were recorded below 30 cm grass heights. The rest 156 (12.3%), 29 (2.3%) and 2 (0.2%) grazing events
were recorded between 31–50 cm, 51–100 cm and above 100 cm grass heights, respectively. During the
early-dry season, we recorded 695 grazing events. Of this, 593 (85.3%) were recorded below 30 cm grass
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height. The rest 78 (11.2%) and 24 (3.5%) grazing events were recorded between 31–50 cm and above 50
cm grass heights, respectively. Swayne’s hartebeests strongly preferred shortest available grass height in
all seasons, with a decrease in the density of animals with increasing grass height (Table 3, Fig. 4). The
decrease was stronger during wet and early-dry seasons compared to dry season. Areas with taller
grasses are more used during the dry season than other seasons (Fig. 4). 

Impact of �re on Swayne’s hartebeest habitat use

Swayne’s hartebeest was attracted by burned grassland areas since the day of burning. In the �rst 30
days since burning, 54.5% of the observed Swayne’s hartebeests were found in burned grassland areas.
From 31–60, 61–90, 91–120 and >121 days since burning, we found 90.8%, 89.1%, 66% and 47.5% of
individuals in burned grassland areas from the total observed Swayne’s hartebeests, respectively. The
density of Swayne’s hartebeest in burned grassland area was signi�cantly higher than unburned
grassland areas up to 150 days after the initial burning (Table 4, Fig. 5).   

Discussion
Our study showed that Swayne’s hartebeests preferred open grassland habitat in Maze National Park
throughout the year as observed with other wild herbivores, such as Coke’s hartebeest (Alcelaphus
buselaphus cokii) in Athi-Kapiti Plains, Kenya [51]; hartebeests (Alcelaphus buselaphus) in southern
border of Burkina Faso [52] and wildebeest (Connochaetes taurinus) in Serengeti National Park, Tanzania
[9].  Although the Park has a wider coverage of other habitat types, such as bushland habitats and
riverine forest, the Swayne’s hartebeest rarely used them. This re�ects on the fact that Swayne’s
hartebeest conservation is largely based on the management of the grassland habitat in Maze National
Park. Our surveys detected few Swayne’s hartebeest pellets in bushland habitats and riverine forests
during the dry season, which likely occurred when they were walking to a water source. Swayne’s
hartebeests were not encountered in agricultural lands and rugged habitats except in a rare occurrence,
which might have been a response to predators in the area.  

In the grassland habitat, the grass grows fast and reaches above one m within a month after the wet
season begins and becomes taller in the early-dry season, but decreases in height in the �rst few months
of dry season (Fig. 3). However, Swayne’s hartebeests almost abandoned the taller grass height, and
consistently preferred the shorter (below 30 cm) available grass height areas in the Park. Our �ndings are
thus in support of the previous studies in other areas, for instance, hartebeests and roan antelope
(Hippotragus equinus) in Nazinga Game Ranch, Burkina Faso [52], and wildebeest in Serengeti Park,
Tanzania preferred short grass height [15]. There are two speculations about short grass preferences of
herbivores: (1) due to the higher nutritional quality of short grasses and (2) to avoid predation risk. Even
though the fear of predation may in�uence short grass habitat selection in some cases, in this study the
predation risk is rather less due to low density of predators (mainly lions) in the Park (Misganaw et al.,
unpublished data), suggesting that the Swayne’s hartebeest preference of short grass habitats is more
likely the result from nutritional gain. Shorter grasses have less lignin with lower carbon to nitrogen ratios
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which are more palatable and digestible for grazers [38]. Shorter grasses also have higher nutritional
quality [31, 53] and percentage of green leaves that allow higher bite rates for herbivores foraging [28].

Grass height preferences of Swayne’s hartebeest in�uence their distribution in Maze National Park in
different seasons. Previous studies [29, 54, 55] also revealed that forage in�uences the distribution of
herbivores. The in�uence is demonstrated on the distribution of herbivore on its bite size [32]. During the
wet season, Swayne’s hartebeest populations were concentrated in three small grassland patches over
three months where the grass heights were shorter; this might be due to the soil type. Wildebeest herds in
Kruger National Park, South Africa also concentrated in small grassland patches during the wet season
where grasses were short and abundant [56]. Since the grass height in most parts of Maze National Park
became above one m during the early-dry season, the Swayne’s hartebeests dispersed toward the
periphery of the Park to �nd short grass sward that resulted in a signi�cant difference of Swayne’s
hartebeest density.

While a long-term study is needed to fully acknowledge on the use of �re as a management tool, our
study suggests the annual �re is important for the conservation of the Swayne’s hartebeest in Maze
National Park. This is evident following two facts: (1) Swayne’s hartebeests are highly attracted to burned
grassland areas and (2) they avoid taller grasses.  While �re destroyed much of the forage at the time of
burning, �eld studies [42, 45] revealed that herbivores including hartebeest and wildebeest are attracted to
burned grassland patches immediately after burning [42, 45]. There are four main speculations to explain
the reason for herbivore attraction towards burned areas:  avoiding parasites [10, 57], attraction by new
�ush grass shoots which are highly nutritious and easily digestible afterwards [15, 39], attraction by ash
immediately after burning [58, 59] and detecting predators from far distances [15, 60].

The immediate use of burned areas by the Swayne hartebeest might be to get relief from parasites e.g.
ticks and �ies, which are commonly found in unburned grassland areas [57, 61]. For instance, burning
grassland patches in Ngorongoro Crater, Tanzania during the dry season virtually eliminated tick
populations which makes the area highly preferred by herbivores [57]. Another reason might be to acquire
minerals from ash by licking the burned soil that are not obtained from available forage [58]. This is
because ash is high in calcium, potassium carbonate (K2CO3), phosphate (PO4) and trace minerals
content [58]. After few weeks of the burning time, however, the attraction of the Swayne’s hartebeest is not
surprising due to the availability of fresh grass in burned grassland patches [14, 15, 39, 45]. The predation
avoidance strategy in using open planes of burned area [15, 58] might not be a case for Swayne’s
hartebeest in Maze National Park. From ad hoc observations we made during the study period, we
encountered 13 carcasses of Swayne’s hartebeests; of these six were predated in the burned grassland
habitats (Misganaw et al, unpublished data); suggesting that burned grassland area did not guarantee
the Swayne’s hartebeest not being predated.

After 150 days of Swayne’s hartebeest attraction towards the burned area, the difference in use between
the burned and unburned grassland areas diminishes possibly because both areas had similar grass
height and nutrition content [14, 15]. Studies on Thomson’s gazelles (Eudorcas thomsonii) and impala
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(Aepyceros melampus) [15] reported similar trends that preferred fresh grasses in burned area over
unburned green grass in the �rst months of post-�re in equatorial grassland ecosystem [14, 26, 27].
Further post-�re studies and vegetation monitoring is needed to understand the long-term effects of using
�re as a management tool in Maze National Park.

Conclusions
Swayne’s hartebeests in Maze National Park prefer grassland habitat and available short grass height
throughout the year. This emphasis on the importance of the management of the limited grassland
habitat available in the Park for the conservation of the Swayne’s hartebeest. The burned grassland
patches in the Park strongly attract Swayne’s hartebeest starting from the next day of burning. They
extensively use the burned grassland patches over the unburned areas up to when the two grassland
areas have similar grass heights. This study suggests that controlled burning of the grassland areas in
the Swayne’s hartebeest prime habitats may be an important habitat management practice. However, a
long-term effect of burning and further details of the frequency and period of burning may help to
substantiate our results. 

Materials And Methods
Study area

Maze National Park is located at (6°25′N, 37°14′E) in southern Ethiopia (see Fig. 1). The Park covers an
area of 175 km2 and was established in 2005 to conserve the rare and endangered Swayne’s hartebeest,
which is considered a �agship species for the Park. The elevation of the study area ranges between 900–
1,300 m asl. It is semi-arid and drought prone area with low and erratic rainfall (mean annual rainfall is
below 800 mm) with high mean monthly temperature not less than 30°C. The Park has su�cient water
sources for wildlife. The Maze River and several small tributaries, such as Daho, Lemasea and Domba
�ow throughout the year in the Park.

Maze National Park has a variety of habitat types, including riverine forests, plain grassland habitats with
scattered trees (hereafter called grassland), steep bushland habitat above 15° slope (hereafter sloppy
bushland habitat, see Additional �le 1), plain bushland habitat, riverine forest, rugged bushland habitat
with small valleys and neighborhood agricultural land (Fig. 1). Mountains, agricultural land and
communal grazing lands surround the Park. The grasslands are primarily dominated by annual grass
species, such as Exotheca abyssinca, Heteropogon contortus, Loudentia spp., Setaria incrassate, and
Hyparrhenia �lipendula with scattered woody plants such as Combretum terminalia. Burning of the
grassland patches have been controlled by the wildlife managers since the Park was established.

Swayne’s hartebeest sampling design

We initially divided Maze National Park into 10 blocks using features such as roads, rivers, vegetation
cover and valleys for a total count of Swayne’s hartebeest in each of habitat types and burned/unburned
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grassland patches. In each block, the habitat types and burned/unburned grassland patches were
demarcated by using GPS within approximately 30 m accuracy and the extent was estimated using
ArcGIS 10.3. In each block, we established permanent parallel transect lines spaced approximately 150–
200 m apart. In the plains areas (i.e. open grassland and plain bushland areas), 37 transect lines were
spaced at 200 m gap, whereas in the forest and rugged bushland areas where observation from distance
was impossible, 15 transect lines were spaced 150 m apart. The length of transects varied according to
the size of each habitat types with average length of 5.9 km (±1.5 SD). We established plots (4 m × 5 m)
systematically along each transect lines at every 100 m regular intervals (thus, the total is 10 plots per 1
km) for Swayne’s hartebeest pellet presence/absence detection. A total of 1,002 plots (i.e., 400 in the
grassland, 100 in the plain bushland, 119 in the sloppy bushland, 191 in the rugged bushland, 148 in the
riverine forest habitat and 44 in the agricultural land adjacent to the Park boundary) were permanently
established. The GPS coordinates and habitat types were recorded at each plot.

Swayne’s hartebeest habitat selection

The general habitat use of Swayne’s hartebeest from the available six habitat types were conducted for
one year (i.e. from December 2016 – November 2017). Since the grass height varied before and after
burning the grassland habitat, we divided the dry season into early-dry season (before burning) and dry
season (after burning). During the dry season (i.e. from December – May), we counted the pellet samples
across the 1,002 plots established in the whole Park. Pellet-groups that were more than 50 cm apart in a
plot were recorded as pellet from different individuals. We visited each plot for an average of 36 times
during the dry season. After a pellet-group was recorded, it was removed from each plot to avoid being
recorded during the subsequent surveys.

In the wet seasons (i.e. from June – August) and early-dry (i.e. from September – November), we used
direct observation of Swayne’s hartebeest along transect lines as pellet sampling was di�cult due to
dense habitat cover. During both seasons, habitat use of the Swayne’s hartebeest was estimated through
transect counting aided with 10x42 binoculars. Whenever the Swayne’s hartebeests were observed,
habitat types and abundance of the Swayne’s hartebeests were recorded [39]. We surveyed each transect
12 times during each season, and to avoid double detections of individuals, all transect lines of a block
were surveyed at the same time. The surveys were carried out at early morning from 6:00–10:00 a.m. and
late evening from 3:00 – 6:00 p.m. when Swayne’s hartebeests were active [62].

Because Swayne’s hartebeests were found in three concentrated patches in grassland habitat during the
wet season, we delineated the area by using GPS coordinates with 30 m intervals resulting 0.7 km2, 2.3
km2, and 2.5 km2 (see Additional �le 2). We also found that the Swayne’s hartebeests shifted in the three
peripheral part of the Park during the early-dry season, which covered 3.4 km2, 4.7 km2 and 5.3 km2 areas
(see Additional �le 2). The density was then derived by dividing the population estimate of the Swayne’s
hartebeest during the transect count to the area where they found in the wet and early-dry season.

Swayne’s hartebeest grass height preferences
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To estimate average grass height in the grassland habitat during each season, grass heights were
measured for 464, 193 and 133 central points of random plots of one m2 area during the dry, wet and
early-dry seasons, respectively. The average grass height was varied across seasons in the Park. From the
randomly measured grass heights, overall grass height for the survey year was 56.8±60.4 cm (mean ±
SD); while for dry, wet and early-dry season was 32±39.9 cm, 70.2±51 and 121.7±76 cm, respectively.
Based on this estimate, we subjectively categorized the grass heights as below 30 cm, 31-50 cm, 51-100
cm, and above 100 cm.  

During the three seasons, the grazing events of Swayne’s hartebeests were recorded to determine the
grass height preferred by Swayne’s hartebeest by walking on the transect lines established in the
grassland areas. The surveys were carried out for 5–8 days in every month for one year (i.e., from
December 2016 – November 2017). Whenever an individual or herd of Swayne’s hartebeests was
observed on the transect walk within 150 m of either side of a transect line (i.e., 300 m width) for open
habitats (i.e., grassland, plain bushland, sloppy bushland and agricultural land), and within 100 m (i.e.,
200 m width) for riverine forest and rugged bushland habitats, �rst their abundance was recorded. Then
their feeding location was identi�ed using the nearby landmarks like trees or bushes. The Swayne’s
hartebeests were then displaced and fresh bites were identi�ed at the site using the landmarks. Fresh
bites were identi�ed by the white coloration at the bite, whereas old bites turn brown [39]. Once the bites
were identi�ed, one m2 quadrat was placed over the grass patch. Within each quadrat, heights of the
preferred grasses by Swayne’s hartebeest were measured, but only those escaped from fresh grazing
during the observation time.

Effect of �re on Swayne’s hartebeest habitat use

The Maze National Park management conducted controlled burning on some parts of the grassland
habitat at the end of the wet season every year (mostly from October – November, depending on when
the rain ends). Only some portion of the grassland habitat is burned in every year.  Burning practice in the
Park is mainly maintained by the Park managers with scheduled time in a year for herbivores use.
However, in some places mostly at the periphery the local farmers also conduct burning. During this study
period, the burning time was end of November, and 21.4 km2 of the grassland area was burned while 30.2
km2 remained unburned. In both habitat types, we carried out 36 times transect count (a transect might
cross both grassland types) from the �rst date of the burning (i.e. from the beginning of December – to
mid-May and recorded the abundance of Swayne’s hartebeests in both areas). In both grassland areas,
we counted the Swayne’s hartebeests twice (two days) every week to examine how long Swayne’s
hartebeests were attracted in those areas. We summed the number of observed individuals for each
surveying days in the burned and unburned grassland areas, separately. Counting was conducted in the
morning 6:00–10:00 a.m. and late evening from 3:00–6:00 p.m. [62].          

Data analysis

General habitat use
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We used Ivlev’s selectivity calculations as a measure of relative habitat selection of Swayne’s hartebeest
among the different habitat types using pellet presence data. Following [39], we used the equation Ei = (ri
– ni) / (ri+ni) where ri is the proportion pellet detected in each habitat types within the survey period and
ni is the proportion of plots in each habitat types during the surveying period available from the total area
represented by the survey period.

We used linear mixed effect model from the package lme4 [63] to evaluate the relationship between
density of Swayne’s hartebeest pellet (response variable) and habitat types during the dry season. We
also used linear mixed effect model to evaluate the relationship between density of Swayne’s hartebeest
(response variable) and time (i.e. Julian date as explanatory variable) during early-dry and wet seasons,
separately. We used generalized a linear model to estimate the relationship between grass height
(response variable) and Julian date (explanatory variable) for one year. We also added a squared term for
Julian date since it showed a curvilinear trend. We used generalized linear mixed model for Swayne’s
hartebeest seasonal grass height preference using density of Swayne’s hartebeest as a response variable
with season (at three levels: wet, early-dry and dry) and grass height as predictor variables. Block and
transects were used as random factors to account for variations among areas and transects for the
above models [64]. We also used generalized linear mixed model to estimate Swayne’s hartebeest
abundance (response variable) in relation to burning (categorical variable at two levels: burned and
unburned), and days since burning as predictor variables. Block was used as random factor to account
for variations among areas [64]. We checked residuals and all the models met the assumption of
normality. All analyses were done in R version 3.5.1 [65].

Abbreviations
CEES: Centre for Ecological and Evolutionary Synthesis; IUCN: International Union for Conservation of
Nature; MNP: Maze National Park; EWCA: Ethiopian Wildlife Conservation Authority; GPS: Global
Positioning System;

Declarations
Ethics approval and consent to participate

Not applicable

Consent for publication

Not applicable

Availability of data and materials

The datasets used and/or analyzed during the current study are available from the corresponding author
on reasonable request.



Page 11/21

Competing interests

The authors declare that they have no competing interests.

Funding

The study was funded by Rufford Small Grant for Nature Conservation; Norwegian State Educational
Loan Fund (Lånekassen) and Addis Ababa University thematic research project.

Authors’ contribution

Misganaw Tamrat designed the study with close follow up from Anagaw Atickem, Afework Bekele and
Nils Chr Stenseth. Misganaw Tamrat collected the data; Misganaw Tamrat, Diress Tsegaye and Anagaw
Atickem analyzed the data; Misganaw Tamrat wrote the �rst draft. Afework Bekele, Anagaw Atickem,
Diress Tsegaye, Paul Evangelista and Nils Chr Stenseth revised the manuscript extensively and then all
authors and coauthors revised subsequent versions of the manuscript. All authors read and approved the
�nal manuscript.

Acknowledgments

This study was funded by Rufford Small Grant for Nature Conservation. The Norwegian State
Educational Loan Fund (Lånekassen), Centre for Ecological and Evolutionary Synthesis (CEES), the
University of Oslo and Addis Ababa University thematic research project. We are indebted to the staff of
Maze National Park for logistics support and organizing assistant during the �eld work. We thank the
Ethiopian Wildlife Conservation Authority (EWCA) for research permission.

Authors’ Information

1Centre for Ecological and Evolutionary Synthesis (CEES), Department of Biosciences, University of Oslo,
PO Box 1066 Blindern, NO-0316 Oslo, Norway

2Department of Zoological Sciences, Addis Ababa University, PO Box 1176, Addis Ababa,     Ethiopia

3Department of Biosciences, University of Oslo, PO Box 1066 Blindern, NO-0316 Oslo, Norway

4Faculty of Environmental Sciences and Natural Resource Management, Norwegian University of Life
Sciences, PO Box 5003, NO-1432 Ås, Norway

5Natural Resource Ecology Laboratory, B254 NESB, Colorado State University, Fort Collins, CO 80524-
1499

References



Page 12/21

1. Illius A, Gordon I. Modelling the nutritional ecology of ungulate herbivores: evolution of body size and
competitive interactions. Oecologia. 1992;89:428-434.

2. Klop E, van Goethem J. Savanna �res govern community structure of ungulates in Bénoué National
Park, Cameroon. Journal of Tropical Ecology. 2008;24:39-47.

3. Ogutu JO, Piepho H-P, Said MY, Kifugo SC. Herbivore dynamics and range contraction in Kajiado
County Kenya: climate and land use changes, population pressures, governance, policy and human-
wildlife con�icts. The Open Ecology Journal. 2014;7.

4. Paudel PK, Hais M, Kindlmann P. Habitat suitability models of mountain ungulates: identifying
potential areas for conservation. Zoological Studies. 2015;54:37.

5. Rapp E. Micro habitat selection of herbivores in response to perceived predation risk and forage
quality in Hluhluwe-iMfolozi game reserve. Umeå, Sweden: Swedish University of Agricultural
Sciences; 2017.

�. Martínez-Freiría F, Tarroso P, Rebelo H, Brito JC, Thuiller W. Contemporary niche contraction affects
climate change predictions for elephants and giraffes. Diversity and Distributions. 2016;22:432-444.

7. Schuette P, Creel S, Christianson D. Ungulate distributions in a rangeland with competitors, predators
and pastoralists. Journal of Applied Ecology. 2016;53:1066-1077.

�. Guo K, Liu H, Bao H, Hu J, Wang S, Zhang W, Zhao Y, Jiang G. Habitat selection and their interspeci�c
interactions for mammal assemblage in the Greater Khingan Mountains, northeastern China. Wildlife
Biology. 2017;2017.

9. Bell RH. A grazing ecosystem in the Serengeti. Scienti�c American. 1971;225:86-93.

10. Olubayo R, Jono J, Orinda G, Groothenhuis J, Hart B. Comparative differences in densities of adult
ticks as a function of body size on some East African antelopes. African Journal of Ecology.
1993;31:26-34.

11. Voeten MM, Prins HH. Resource partitioning between sympatric wild and domestic herbivores in the
Tarangire region of Tanzania. Oecologia. 1999;120:287-294.

12. Mobæk R, Mysterud A, Egil Loe L, Holand Ø, Austrheim G. Density dependent and temporal variability
in habitat selection by a large herbivore; an experimental approach. Oikos. 2009;118:209-218.

13. Sankaran M, Ratnam J, Hanan N. Woody cover in African savannas: the role of resources, �re and
herbivory. Global Ecology and Biogeography. 2008;17:236-245.

14. Hassan SN, Rija AA. Fire history and management as determinant of patch selection by foraging
herbivores in western Serengeti, Tanzania. International Journal of Biodiversity Science, Ecosystem
Services & Management. 2011;7:122-133.

15. Eby SL, Anderson TM, Mayemba EP, Ritchie ME. The effect of �re on habitat selection of mammalian
herbivores: the role of body size and vegetation characteristics. J Anim Ecol. 2014;83:1196-1205.

1�. Laca E, Ungar E, Seligman N, Demment M. Effects of sward height and bulk density on bite
dimensions of cattle grazing homogeneous swards. Grass and Forage Science. 1992;47:91-102.



Page 13/21

17. Massé A, Côté SD. Habitat selection of a large herbivore at high density and without predation: trade-
off between forage and cover? Journal of Mammalogy. 2009;90:961-970.

1�. Bjørneraas K, Her�ndal I, Solberg EJ, Sæther B-E, van Moorter B, Rolandsen CM. Habitat quality
in�uences population distribution, individual space use and functional responses in habitat selection
by a large herbivore. Oecologia. 2012;168:231-243.

19. Fritz H, De Garine-Wichatitsky M, Letessier G. Habitat use by sympatric wild and domestic herbivores
in an African savanna woodland: the in�uence of cattle spatial behaviour. Journal of Applied
Ecology. 1996:589-598.

20. Vavra M. Livestock grazing and wildlife: developing compatibilities. Rangeland Ecology &
Management. 2005;58:128-134.

21. Sitters J, Heitkönig IM, Holmgren M, Ojwang GS. Herded cattle and wild grazers partition water but
share forage resources during dry years in East African savannas. Biological Conservation.
2009;142:738-750.

22. Arsenault R, Owen-Smith N. Resource partitioning by grass height among grazing ungulates does not
follow body size relation. Oikos. 2008;117:1711-1717.

23. Klop E, van Goethem J, de Iongh HH. Resource selection by grazing herbivores on post-�re regrowth
in a West African woodland savanna. Wildlife Research. 2007;34:77-83.

24. Ritchie EG, Martin JK, Krockenberger AK, Garnett S, Johnson CN. Large‐herbivore distribution and
abundance: intra‐and interspeci�c niche variation in the tropics. Ecological Monographs.
2008;78:105-122.

25. Riginos C, Grace JB. Savanna tree density, herbivores, and the herbaceous community: Bottom‐up vs.
top‐down effects. Ecology. 2008; 89:2228-2238.

2�. Paci�ci M, Visconti P, Scepi E, Hausmann A, Attorre F, Grant R, Rondinini C. Fire policy optimization to
maximize suitable habitat for locally rare species under different climatic conditions: A case study of
antelopes in the Kruger National Park. Biological Conservation. 2015;191:313-321.

27. Parrini F, Owen‐Smith N. The importance of post‐�re regrowth for sable antelope in a southern
African savanna. African Journal of Ecology. 2010;48:526-534.

2�. Drescher M, Heitkönig IM, Raats JG, Prins HH. The role of grass stems as structural foraging
deterrents and their effects on the foraging behaviour of cattle. Applied Animal Behaviour Science.
2006;101:10-26.

29. Treydte AC, van der Beek JG, Perdok AA, van Wieren SE. Grazing ungulates select for grasses
growing beneath trees in African savannas. Mammalian Biology-Zeitschrift für Säugetierkunde.
2011;76:345-350.

30. Sensenig RL, Demment MW, Laca EA. Allometric scaling predicts preferences for burned patches in a
guild of East African grazers. Ecology. 2010;91:2898-2907.

31. Hempson GP, Archibald S, Bond WJ, Ellis RP, Grant CC, Kruger FJ, Kruger LM, Moxley C, Owen‐Smith
N, Peel MJ. Ecology of grazing lawns in Africa. Biological Reviews. 2015;90:979-994.



Page 14/21

32. Bailey DW, Gross JE, Laca EA, Rittenhouse LR, Coughenour MB, Swift DM, Sims PL. Mechanisms
that result in large herbivore grazing distribution patterns. Rangeland Ecology &
Management/Journal of Range Management Archives. 1996;49:386-400.

33. Bhola N, Ogutu JO, Piepho H-P, Said MY, Reid RS, Hobbs NT, Olff H. Comparative changes in density
and demography of large herbivores in the Masai Mara Reserve and its surrounding human-
dominated pastoral ranches in Kenya. Biodiversity and Conservation. 2012;21:1509-1530.

34. Hopcraft JGC, Anderson TM, Pérez‐Vila S, Mayemba E, Olff H. Body size and the division of niche
space: food and predation differentially shape the distribution of Serengeti grazers. Journal of
Animal Ecology. 2012;81:201-213.

35. Demment MW, Van Soest PJ. A nutritional explanation for body-size patterns of ruminant and
nonruminant herbivores. The American Naturalist. 1985;125:641-672.

3�. Reilly B, Theron G, Bothma JdP. Food preferences of oribi Ourebia ourebi in the Golden Gate
Highlands National Park. Koedoe. 1990;33:55-61.

37. Thompson Hobbs N, Gross JE, Shipley LA, Spalinger DE, Wunder BA. Herbivore functional response
in heterogeneous environments: a contest among models. Ecology. 2003;84:666-681.

3�. van Langevelde F, Drescher M, Heitkönig IM, Prins HH. Instantaneous intake rate of herbivores as
function of forage quality and mass: Effects on facilitative and competitive interactions. Ecological
Modelling. 2008;213:273-284.

39. Burkepile DE, Burns CE, Tambling CJ, Amendola E, Buis GM, Govender N, Nelson V, Thompson DI,
Zinn AD, Smith MD. Habitat selection by large herbivores in a southern African savanna: the relative
roles of bottom-up and top-down forces. Ecosphere. 2013;4.

40. Van Langevelde F, Van De Vijver CA, Kumar L, Van De Koppel J, De Ridder N, Van Andel J, Skidmore
AK, Hearne JW, Stroosnijder L, Bond WJ. Effects of �re and herbivory on the stability of savanna
ecosystems. Ecology. 2003;84:337-350.

41. Bond WJ, Keeley JE. Fire as a global ‘herbivore’: the ecology and evolution of �ammable ecosystems.
Trends in Ecology & Evolution. 2005;20:387-394.

42. Allred BW, Fuhlendorf SD, Engle DM, Elmore RD. Ungulate preference for burned patches reveals
strength of �re–grazing interaction. Ecology and Evolution. 2011;1:132-144.

43. Moe SR, Wegge P, Kapela EB. The in�uence of man‐made �res on large wild herbivores in Lake
Burungi area in northern Tanzania. African Journal of Ecology. 1990;28:35-43.

44. Wilsey BJ. Variation in use of green �ushes following burns among African ungulate species: the
importance of body size. African Journal of Ecology. 1996;34:32-38.

45. Wagner M. Impact of bush �re on grazing behaviour of herbivores in Masai Mara. Master Thesis,
Uppsala: Swedish University of Agricultural Sciences; 2009.

4�. Mamo Y, Mengesha G, Fetene A, Shale K, Girma M. Status of the Swaynes Hartebeest,(Alcelaphus
buselaphus swaynei) meta-population under land cover changes in Ethiopian Protected Areas.
International Journal of Biodiversity and Conservation. 2012;4:416-426.



Page 15/21

47. Datiko D, Bekele A. Population status and human impact on the endangered Swayne’s hartebeest
(Alcelaphus buselaphus swaynei) in Nechisar Plains, Nechisar National Park, Ethiopia. African
Journal of Ecology. 2011;49:311-319.

4�. Lewis J, Wilson R. The ecology of Swayne's hartebeest. Biological Conservation. 1979;15:1-12.

49. Vié JC. The IUCN Red list: a key conservation tool. In: The 2008 Review of The IUCN Red list of
Threatened Species. Edited by Vié JC, Taylor H, Stuart SN. Switzerland: IUCN Gland; 2008.

50. IUCN SSC Antelope Specialist Group. Alcelaphus buselaphus (amended version of 2016
assessment). The IUCN Red List of Threatened Species. Downloaded on 03 July, 2019.

51. Casebeer R, Koss G. Food habits of wildebeest, zebra, hartebeest and cattle in Kenya Masailand.
African Journal of Ecology. 1970;8:25-36.

52. Schuette JR, Leslie Jr DM, Lochmiller RL, Jenks JA. Diets of hartebeest and roan antelope in Burkina
Faso: support of the long-faced hypothesis. Journal of Mammalogy. 1998;79:426-436.

53. Treydte AC, Baumgartner S, Heitkönig IM, Grant CC, Getz WM. Herbaceous forage and selection
patterns by ungulates across varying herbivore assemblages in a South African savanna. PLoS ONE.
2013;8:e82831.

54. Bailey DW, Gross JE, Laca EA, Rittenhouse LR, Coughenour MB, Swift DM, Sims PL. Mechanisms
that result in large herbivore grazing distribution patterns. Journal of Range Management.
1996;49:386-400.

55. Soder KJ, Gregorini P, Scaglia G, Rook AJ. Dietary selection by domestic grazing ruminants in
temperate pastures: current state of knowledge, methodologies, and future direction. Rangeland
Ecology & Management. 2009;62:389-398.

5�. Owen-Smith N, Martin J, Yoganand K. Spatially nested niche partitioning between syntopic grazers at
foraging arena scale within overlapping home ranges. Ecosphere. 2015;6:1-17.

57. Fyumagwa RD, Runyoro V, Horak IG, Hoare R. Ecology and control of ticks as disease vectors in
wildlife of the Ngorongoro Crater, Tanzania. African Journal of Wildlife Research. 2007;37:79-91.

5�. Komarek EV. Fire and animal behavior. In: 1969. Tallahassee, Florida: Tall Timbers Research Station;
1969: 160-207.

59. Vermeire LT, Mitchell RB, Fuhlendorf SD, Gillen RL. Patch burning effects on grazing distribution.
Journal of Range Management. 2004;57:248-252.

�0. Tomor BM, Owen‐Smith N. Comparative use of grass regrowth following burns by four ungulate
species in the Nylsvley Nature Reserve, South Africa. African Journal of Ecology. 2002;40:201-204.

�1. Gallivan G, Horak I. Body size and habitat as determinants of tick infestations of wild ungulates in
South Africa. South African Journal of Wildlife Research-24-month delayed open access. 1997;27:63-
70.

�2. Vymyslická P, Hejcmanová P, Antonínová M, Stejskalová M, Svitálek J. Daily activity pattern of the
endangered Swayne’s Hartebeest (Alcelaphus buselaphus swaynei Sclater, 1892) in the Nechisar
National Park, Ethiopia. African Journal of Ecology. 2011;49:246-249.



Page 16/21

�3. Pinheiro JC, Bates DM. Mixed-effects models in S and S-Plus: statistics and computing. New York:
Springer; 2000.

�4. Zuur A, Ieno EN, Walker N. Mixed effects models and extensions in ecology with R. New York:
Springer; 2009.

�5. R Core Team. R: a language and environment for statistical computing. Vienna, Austria: R
Foundation for Statistical Computing; 2018.

Tables
Table 1 Number of permanent plots established along the transect routes and the
number of pellets detected during the dry season (one plot is 4 x 5 m = 20 m ; ri = is
the proportion of all Swayne’s hartebeest pellet detected;  ni = is the proportion of
plots representing a habitat type; Ei = Ivlev’s selectivity index)

 

Habitat type

Number of
plots

Number of pellets
detected

r n E  = (r  – n ) / (r
+n )

Grassland 400 5,931 0.90 0.4 0.40
Plain bushland 100 119 0.02 0.10 -0.67
Sloppy
bushland

119 76 0.01 0.12 -0.83

Rugged
bushland

191 16 0.00 0.19 -1.00

Riverine forest 148 131 0.02 0.15 -0.76
Agricultural
land

44 15 0.00 0.13 -1.00

Total 1,002 6,288      

Table 2 Swayne’s hartebeest density (km-2) during the wet and early dry seasons in Maze
National Park analysed using linear mixed effect model

Season Effects Estimate SE t-value p-value

Weta Intercept 48.277 26.183 1.844  0.070
  Julian date -0.169 0.132 -1.287   0.209

Early dryb Intercept 27.624 8.788 3.143  0.003

  Julian date -0.065 0.027 -2.412   0.020

2

i i i i i i

i



Page 17/21

aAIC = 552.015;  bAIC = 473.120

Table 3 Estimates of Swayne’s hartebeest density in grassland habitat in relation to
season and grass height in Maze National Park analyzed using general linear mixed-
effects model. Early dry season was used a reference level for season categorical
variable

Effects Estimmate SE t-value P-value

Intercept 12.428 1.286 9.666 < 0.001
Dry season -2.174 1.107 -1.963 0.050
Wet season 2.394 1.423 1.682 0.093
Grass height -0.102 0.018 -5.556 < 0.001
Dry season × Grass height -0.064 0.025 -2.556 0.012
Wet season × Grass height -0.100 0.034 -2.906 0.004

Table 4  Swayne’s hartebeest abundance in grassland habitat in relation to fire
disturbance (burned vs unburned) in Maze National Park analyzed using generalized
linear mixed effect model

Effects Estimate SE z-value p-value

Intercept 3.451 0.080 43.14 <0.001
Un-burned vs. burned -1.754 0.058 -30.41 <0.001
Days vs. burned -0.002 0.000 -6.07 <0.001
Un-burned × Days 0.009 0.001 16.97 <0.001

Figures
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Figure 1

Map showing the study area and habitat types in Maze National Park, Ethiopia

Figure 2
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Swayne’s hartebeest pellet density per square meter area in different habitat types during the dry season
in Maze National Park

Figure 3

Grass height across Julian date in Maze National Park analyzed using a �xed effect model with 95%
con�dence interval in Maze National Park. The grass heights were randomly measured from random
plots in each month for a year
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Figure 4

Predicting the density of Swayne’s hartebeest in relation to grass height preference in three seasons,
namely Early dry (solid black line), Dry (dotted red line), and Wet (dotted blue line) in Maze National Park.
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Figure 5

Predicted Swayne’s hartebeest abundance both burned (solid black line) and unburned (dotted red line)
grassland areas in Maze National Park in relation to days since burning.
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