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Abstract

The highlands of Ethiopia are inhabited by the culturally and economically significant mountain nyala Tragelaphus
buxtoni, an endemic spiral horned antelope. The natural range of this species has become highly fragmented with
increasing anthropogenic pressures; driving land conversion in areas previously considered critical mountain nyala
habitat. Therefore, baseline demographic data on this species throughout its existing range are needed. Previous
studies on mountain nyala demographics have primarily focused on a confined portion of its known range where
trophy hunting is not practiced. Our objectives were to estimate group size, proportion of females, age class
proportions, and calf and juvenile productivity for a sub-population of mountain nyala where trophy hunting is
permitted and compare our results to recent and historical observations. We collected four years of demographic
data using direct point counts in a controlled hunting area and summarized the data using the R statistical software.
Our results show that estimated proportion of females (0.63; 0.56-0.69) was similar to recent studies of non-hunted
populations, but group size (3.74; 3.34-4.13), juvenile productivity (0.47; 0.35-0.62) and age class proportions
(calves: 0.17 juveniles: 0.19 adults: 0.64) were considerably different. Our results are more similar to historical
accounts than those in a national park. We demonstrate that the mountain nyala's population structure and health
varies across its range and may relate to the different management strategies and policies. We recommend using
similar methods for remaining under surveyed sub-populations of mountain nyala to inform conservation actions at

the landscape scale.
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Introduction

The mountain nyala Tragelaphus buxtoni is an endangered
antelope endemic to Ethiopia’s southern highlands. This culturally and
economically valued species is largely found in the Bale Mountains,
one of the few remaining forested landscapes in Ethiopia where people
and wildlife continue to co-exist. The mountain nyala was not known
to western science until 1911 [1] and its extensive range within the
Bale Mountains were only confirmed in 1963 [2]. By the early 1970s,
Bale Mountains National Park (BMNP) was established to protect the
mountain nyala and the region’s unusually high concentration of
endemic flora and fauna [3]. Since 2000, several additional mountain
nyala populations have been identified throughout the Bale Mountains
indicating that both its population and range was larger than
previously thought [4,5]. However, human populations in Ethiopia
and the Bale Mountains are accelerating at extraordinary rates, and the
reduction and degradation of the mountain nyala’s habitats is evident
[6-8]. Although new studies of the mountain nyala are emerging, there
remain large information gaps that restrict implementation of effective
management and conservation strategies. Recent studies have largely
focused on needed landscape-level analyses related to population,
geographic range, available habitat and human impacts [5,8,9]. Only a
few demographic studies have been conducted for the mountain nyala;
the first over 45 years ago [2], and two recently in a small isolated
population in BMNP [10,11]. To successfully manage and conserve
any wildlife species, a basic understanding of the population’s

structure and group dynamics are required [12-15]. Demographic
parameters (i.e., vital rates) are often used as indices of population’s
health and stability, and to evaluate a species’ status and viability
[16,17]. These are commonly assessed using population models (e.g.,
VORTEX, RAMAS, ALEX) which rely on demographic data, such as
sex ratio, fecundity, productivity, age structure, group size, and
survival rate, to make temporal predictions [18,19]. Gathering
demographic information on mountain nyala in its preferred habitats
can be a daunting task. The elusiveness of the species is well
documented by early trophy hunters and museum collectors [20,21]
and its partiality for rugged terrain and dense vegetation prohibits
most standard observation methods such as mark-recapture. The first
formal study of the mountain nyala, and arguably the most
comprehensive, was conducted by Leslie Brown who explored the Bale
Mountains in November, 1963, and February and March, 1966 [2]. In
addition to mapping mountain nyala range, and estimating density
and population, Brown made detailed demographic observations that
included gender, age-class and group size. During these years, the Bale
Mountains had considerably fewer people and livestock than today
and from Brown’s description, mountain nyala populations and
available habitat were largely undisturbed by humans. His
observations led him to believe that there was no immediate threat to
the species [2], and the mountain nyala was removed from the
International Union’s for Conservation of Nature (IUCN) list of
endangered species from 1969 to 1975 based on Brown’s observations.

Brown’s records are a valuable resource, and could potentially serve
as a demographic baseline for monitoring current mountain nyala
populations. His observations may be particularly useful in identifying
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a sub-population’s response to different management and
conservation strategies. In particular, recent demographic studies on
mountain nyala by Mamo et al. [11] occurred in a small, but well-
known area in the northern section of BMNP. The area includes the
Gaysay Valley and the adjacent Adelay forests (hereafter referred to as
Gaysay), and a fenced enclosure that surrounds the park headquarters.
Gaysay is transected by a major road and is situated adjacent to the
town of Dinsho that was reported to have about 3,600 people in 2005
[22]. While this is an important conservation area for the mountain
nyala, Gaysay and the park headquarters covers only 34 km? and 1.2
km?, respectively, and are surrounded by settlements and agriculture.
Together, they harbor about 900 mountain nyala [9,11]. Both areas are
popular with tourists and researchers because mountain nyala and
other wildlife can be easily viewed and are habituated to people,
livestock and vehicles. However, there is mounting concern that the
carrying capacity of Gaysay and park headquarters has reached a
dangerous threshold and conditions are having adverse effects on the
local mountain nyala populations. Counts conducted by Mamo et al.
[11] found that mountain nyala density in Gaysay was 21/km? and
129/km? at the park headquarters. Although these numbers are
alarmingly high when compared to Brown’s estimates (1.5/km? to
6.9/km?) they are supported by other studies [4,10]. The high density
of mountain nyala and confinement to a small area poses a number of
risks including the loss of food resources, reduction in productivity
and genetic diversity, and potential transmission of disease [23-25].
Population responses to these and other environmental stressors may
be detected through demographic observations, though further
investigation may be required to determine exact causes.

Despite its endangered status, limited trophy hunting of mountain
nyala is allowed by the Ethiopian government. Although detailed
demographic parameters of mountain nyala are not regularly
monitored as a management tool, they are commonly used in other
countries to assess the impacts of hunting on wildlife populations
[13,26-28]. The Bale Mountains have six designated Controlled
Hunting Areas (CHA) primarily for trophy hunting of mountain
nyala; three have active permits and three remain undeveloped. The
CHAs are cooperatively managed by the Ethiopian Wildlife
Conservation Authority (EWCA), Oromia Regional government, and
a licensed safari outfitter. Hunting activities are intensively managed
with strict guidelines and an annual quota for trophy males allocated
by EWCA [29]. Every two years, representatives from EWCA estimate
the population size of mountain nyala at each concession to determine
the annual quota that will be harvested from the area. A sole
concession holder (a.k.a. safari outfitter) is granted hunting rights for
each CHA with the option of renewing its license every five years as an
effort to promote a long-term investment in the area, collaboration
with local communities, prevention of unlawful activities, and
environmental stewardship. For example, some safari outfitters have
set up permanent camps in CHAs hiring local people to maintain
facilities and serve as trackers, scouts, guards and other positions.
Local communities also receive fund for infrastructure (e.g., schools,
roads) from licenses and fees generated through hunting, which help
provide incentives for maintaining hunting resources. In theory, this
strategy allows EWCA to meet management and conservation
objectives; and in most cases, appears to be effective [30]. However,
there is a considerable amount of administrative, cultural and natural
variability within each CHA that can directly or indirectly have
significant impacts on local mountain nyala populations and their
habitats. There are currently no mechanisms in place to assess the

effectiveness of hunting regulations and quotas or to detect change in
mountain nyala populations.

In this study, we aimed to assess how trophy hunting of mountain
nyala affected population demographics over time, and how our
observations compared to historic records [2] and more recent studies
conducted in BMNP [11]. We collected observational information for
four years (excluding one year) which we believe provide a reasonable
representation of the group dynamics within the study area. Although
the methods used by Brown [2] and Mamo et al. [11] differed from
ours, we matched the datasets as best we could to improve the
accuracy of our comparisons.

Materials and Methods

Study area

Our study area was situated within the Abasheba-Demaro CHA
located on the eastern flank of the Bale Mountains (Figure 1).
Abasheba-Demaro covers an area of 210 km? with elevations ranging
from 1,600 to 2,600 m a.s.1. The vegetation in the study area consists of
two well defined habitat types; the upper afro-montane (2,300 m
-3,200 m) and lower afro-montane forest (1,500 m-2300 m).
Dominant tree species include Prunus africanus, Albizuia
schimperiana, Croton macrostachyus and Scheflera abyssinica. Each of
the forested habitat types are interspersed with open areas that offer
viewing opportunities. The Abasheba-Demaro CHA is operated by
Ethiopian Rift Valley Safaris, the sole concession holder since its
establishment in 2002. Mountain nyala are the primary attraction for
sport hunters, and EWCA has consistently allocated a harvest quota of
five to six trophy bulls each year. Trophy bulls are considered legal for
harvest if they have horns exceeding 29 inches in length. If a harvested
mountain nyala does not meet minimum horn length, EWCA imposes
a fine equal to the cost of the hunting license on concession holder. A
permanent camp is staffed by the safari company to help protect the
concession from unlawful activities (e.g., poaching) and maintain
relationships with local communities. However, human settlements
are present just outside the concession and contribute to cattle grazing,
wood harvesting, honey gathering, and herb collection that occur
within the concession. Still, this area serves as a relatively well-
protected landscape for the mountain nyala and human impact is
considered minimal [30]. Recent population surveys for Abasheba-
Demaro by Atickem et al. [9] and the EWCA [30] estimated 986 and
975 mountain nyala, respectively, suggesting a density of 4.6/km?.

Data collection

Four years of direct count data were collected between 2006 and
2010 (sampling did not occur in 2008) at two stationary observation
points that offered good vantage points. Morning surveys were
conducted from a ridge overlooking a basin with an open-canopy
forest, while evening surveys focused on the forested edges of a large
lowland plain. Surveys occurred at dawn and dusk, each lasting an
hour and a half. Four to five trained observers (i.e., authors and local
game scouts) participated in each survey using high powered
binoculars. Sampling was conducted between January and March each
year during 75 surveys. Individual mountain nyala were classified into
three age group classes; calves, juveniles and adults, based on body
size, coat color, and horn presence and length as described in
Evangelista [4]. Calves were considered first year offspring, juveniles in
their second year but not yet breeding, and adults are all ages above
two years capable of breeding. In addition, the sex of each individual
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was recorded unless the sex could not be accurately determined in
which case the sex was listed as ‘unknown’. Individuals were recorded
in groups/herds which were used to estimate group size. Groups were
defined as individuals that were observed to move together for the
entire duration they could be observed.
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Figure 1: Abasheba-Demaro Controlled Hunting Area and Gaysay
Valley located in Bale Mountain National Park (BMNP). The park
headquarters are located just southeast of the town of Dinsho

Statistical analyses

We used the freely available statistical software R version 2.14 for
our statistical analysis. The data were analyzed for each year separately
and pooled together for the four years of the study. We calculated
mean, maximum and minimum group size and confidence intervals
(CI) using descriptive statistics. To calculate the proportion of females
(i.e., sex ratio), age class proportions, and productivity, we used a
normal approximation of the binomial response of successes and
failures for each estimate (e.g., number of adult females compared to
number of adults observed). Only adults were used to estimate the
proportion of females due to the difficulty in sexing younger age
groups consistently and accurately. Population productivity has been
defined in a number of ways depending on the species and purpose
[31]. A total count of individuals was not possible due to the terrain
and dense vegetation. Therefore, we define productivity as the
proportion of surviving young (calves or juveniles) per adult female
mountain nyala. This provides a good estimate of the rate at which
new individuals are being added to the population [31]. We calculated
productivity using two estimates: the proportion of calves to adult
females and the proportion of juveniles to adult females. While using
calves provides a better approximation of productivity, detection of
calves was likely low as young calves may be kept concealed and adult
females traveling with calves may avoid more exposed locations.
Therefore, we also include an estimate of productivity using juveniles.
While this estimate may be biased low due to first year calf mortalities,
juveniles are easier to detect and less likely be concealed. Difficulty in
accurately and consistently identifying the sex of calves prevented us
from estimating fecundity (number of female calves per number of
female adults). To compare sex, age class and productivity proportion
estimates among years, we used a Pearson’s chi-squared test. We also

used this test to compare calf age class proportions to juvenile age class
proportions in the following year to provide a measure of calf survival.
Since data were not collected for 2008, we limited this test to only
years between 2006 to 2007 and 2009 to 2010. Lastly, a Pearson’s chi-
squared test was used to compare productivity estimates using calves
versus juveniles. In addition to analyzing our observation data from
the Abasheba-Demaro CHA, we replicated our methods using
Brown’s observation data [2] from the Bale Mountains during the
same months. This allowed for a better comparison of our results with
those from 45 years ago.

Results

A total of 399 individual observations were recorded during the
four-year study period from a total of 53 surveys with the most
observations occurring in 2006 (#=135) and the least in 2007 (n=37).
The number of groups observed totaled 147. Survey effort (1) was not
equal among years with the largest effort occurring in 2006 (/=26
surveys) and 2009 (=30 surveys) and the least in 2007 (=9 surveys)
and 2010 (=10 surveys). Unequal survey effort across years resulted in
wider confidence intervals (CI) for estimates in which the survey effort
was lower.

Group size

The mean group size remained relatively constant among years with
the total mean group size of 3.74 (95%CI 3.34-4.13) individuals (Table
1). There were no significant differences in group size among years.
Group size ranged from single individuals to a maximum of 10
individuals. Both males and females were observed as singletons but
males were more than three times more likely to be observed alone
than females. Group size was not significantly different between
groups that included adult males (3.7, 95%CI 3.3-4.1) and those that
did not (3.5, 95%CI 3.0-4.0; t=-0.73, df=144, p-value=0.47).

Year Mean Group Size 95% CI

2006 3.61 (2.89-4.33)
2007 3.40 (2.22-4.58)
2009 3.82 (3.05-4.59)
2010 3.93 (3.13-4.73)
Total 3.74 (3.34-4.13)

Table 1: Mean size of mountain nyala groups for each surveyed year

Proportion of females

The mean female proportion pooled for all years of the study was
0.63 (95%CI 0.56-0.69) or a 1.7:1 female to male ratio (Table 2). The
adult female proportion was greatest in 2007 (proportion=0.76; sex
ratio=3.17 females: 1 male) and lowest in both 2009 and 2010
(proportion=0.60; sex ratio=1.52 females: 1male). The proportion of
females was not significantly different among years (x?=0.48, df=3, p-
value=0.92).

Age class proportions

The estimated age class proportions were 17% (95%CI 13-21)
calves, 19% (95%CI 15-23) juveniles and 64% (95%CI 59-69) adults
(Table 3). When comparing calf proportion to juvenile proportion of
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the next year, there was no difference between the years
2006-2007(x%=0.006, df=1, p-value=0.94) and between 2009-2010
(x3=0.16, df=1, p-value=0.69) suggesting relatively high calf survival
rate.

Year Sex proportion (F/M) 95% ClI

2006 0.63 (0.52-0.72)
2007 0.76 (0.54-0.90)
2009 0.60 (0.47-0.73)
2010 0.60 (0.49-0.71)
Total 0.63 (0.56-0.69)

Table 2: Mean proportion of adult females to adult males for each
surveyed year

There was no difference in age proportions for calves (x*=0.71,
df=3, p-value=0.87), juveniles (x>=2.89, df=3, p-value=0.41), or adults
(x*=1.03, df=3, p-value=0.79), across years in the study area.

Productivity

The mean productivity across all four years of the study was
estimated at 0.42 (95% CI 0.31- 0.56) calves per adult female (or 42
calves per 100 adult females; Table 4). When estimated using juveniles,
the mean productivity was 0.47 (95%CI 0.35-0.62). Productivity, when
estimated using either calves or juveniles, was not significantly
different across years (calves: X2=1.19, df=3, p-value=0.76; juveniles:
¥?=2.84, df=3, p-value=0.41).

Calves Juveniles Adults
Year Mean Proportion 95% CI Mean Proportion 95% CI Mean Proportion 95% CI
(%) (%) (%)
2006 15 (9-22) 14 (9-21) 71 (63-78)
2007 16 (7-33) 16 (7-33) 68 (50-81)
2009 20 (13-29) 20 (13-29) 60 (50-70)
2010 17 (11-25) 24 (17-32) 60 (51-68)
Total 17 (13-21) 19 (15-23) 64 (59-69)

Table 3: Mean percent proportion of mountain nyala calves, juveniles, and adults for each surveyed year

In addition, there was no significant difference between
productivity estimates using calves versus juveniles for a given year.
The highest observed productivity using calves was in 2009 (0.54,
0.30-0.98) and the lowest in 2007 (0.32, 0.11-0.84). For juveniles, the
highest observed productivity was in 2010 (0.66; 95%CI 0.41-1.06) and
the lowest was equal in both 2006 (0.32; 95%CI 0.18-0.54) and 2007
(0.32;95%CI 0.11-0.84).

Calves Juveniles
Year Productivity and 95% CI Productivity and 95% CI
2006 0.33 (0.19-0.57) 0.32 (0.18-0.54)
2007 0.32 (0.11-0.84) 0.32 (0.11-0.84)
2009 0.54 (0.30-0.98) 0.54 (0.30-0.98)
2010 0.47 (0.27-0.80) 0.66 (0.41-1.06)
Total 0.42 (0.31-0.56) 0.47 (0.35-0.62)

Table 4: Mountain nyala productivity (number of calves or juveniles
per adult female) for both calves and juveniles for each surveyed year

Discussion

Our estimates of group size differ from more recent estimates in
Gaysay and the park headquarters but are similar to historical
accounts.

We observed a group size of 3.7 individuals which is less than half
that of the estimates found by Refera and Bekele [10] and Mamo et al.
[10] which estimated group size in Gaysay and the park headquarters
between 7.9-10.2 individuals and 7-12 individuals, respectively.
Historical accounts of group size in Gaysay were estimated at an
average of 5.6 individuals [2] and groups were rarely observed with
more than 12 individuals with most group sizes between 4-12
individuals [32]. Hillman [33] reported observing mountain nyala
groups of up to 95 individuals in 1985; however details of this report
are absent. Our estimates of group sizes ranging from 1 to 10
individuals agree with the majority of the historical observations
across the mountain nyala’s range.

While our findings on group size are consistent with historical
accounts, herd structure and herd size can fluctuate widely within a
year as a result of seasonal (e.g., rainy season versus dry season) and
social (e.g., rutting season, calving season) influences [34,35]. Our
observations in the Abasheba-Demaro study area were restricted to the
dry season. Although fluctuation in herd size due to seasonal variation
has been observed for a related species to the mountain nyala (e.g.,
Kudu) [36], Mamo et al. [11] conducted surveys in both the rainy and
dry seasons and did not find significant differences in group size
between the two seasons for Gaysay and the park headquarters. It is
also important to consider the undocumented differences in how a
group is defined from study to study which may lead to discrepancies
in group size estimates.
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Our results indicate relatively high rates of mountain nyala
productivity in the Abasheba-Demaro study area even with annual
removal of individuals from trophy hunting (Table 4). These estimates
are higher than those reported in Gaysay and park headquarters.
Mamo et al. [10] described productivity estimates for calves to be 0.08
and 0.09 for Gaysay and the park headquarters, respectively. These
estimates are over three times lower than the estimates we observed in
the Abasheba-Demaro CHA (0.42; Table 4). For juveniles, when
calculated by combining both adult females and sub-adult females,
Mamo et al. [10] show productivity to be 0.19 and 0.17 for Gaysay and
the park headquarters, respectively. Our estimates of productivity in
the Abasheba-Demaro study area are closer to historical records from
Brown [2] who estimated productivity across the Bale Mountains
between 0.25-0.33 calves/adult female. Brown [2] also observed higher
productivity during the calving season although the exact calving time
period and duration of mountain nyala is still uncertain and is likely to
vary spatially [4,11].

The majority of previous studies on mountain nyala found the sex
ratio of females to males to be near 2:1 [2,10,11]. Our estimate of adult
sex ratio, while slightly lower, agrees with these reports (1.7:1 or 0.63
as a proportion). These estimates are similar to those reported for
hunted populations of the closely related kudu (1.67 females: 1 male)
[35]. As with group size, sex ratio in mountain nyala has been
observed to fluctuate throughout the year based on breeding and
rutting seasons. For example, Brown [2] observed an adult female to
male sex ratio 4.06:1 (95%CI 2.72-6.10:1) in the Bale Mountains
during the rutting season from November to December. Although we
consider our sex ratio estimates an accurate representation of the
population, it’s important to consider that direct counts of individuals
may lead to a count that is biased low for males because males are
generally more secretive and harder to observe.

Our age class proportion estimates showed more calves and
juveniles than those reported in Gaysay and the park headquarters.
Mamo et al. [10] used population counts (at the park headquarters)
and line transects to survey mountain nyala population in Gaysay and
the park headquarters. They found 5% of the population consisted of
calves, 10% were juveniles, and 81% were adults and sub adults in
Gaysay with similar age class proportions for the park headquarters
(5% calves, 8% juveniles, and 85% adults). Of the 252 mountain nyala
Brown confidently identified from both expeditions, 37 (14.7%) were
males, 170 (67.8%) were females, and 44 (17.3%) were calves (juveniles
were not distinguished) [2]. If we examine his observations from the
Bale Mountains separating his data by expedition dates and season,
more distinct patterns emerge. In November, 1963, Brown confidently
identified 50 mountain nyala; 4 (8%) males, 41 (82%) females and 4
(8%) calves. In February and March of 1966, Brown’s expedition
identified 192 mountain nyala; 32 (16.7%) adult males, 130 (67.7%)
adult females and 20 (15.6%) calves [2]. The increased number of
observed males and calves in 1966 may be attributed to the time of
year the surveys were conducted. It is believed that mountain nyala
will mate or calve throughout the year, but are generally synchronized
to one or two periods of the year. Evangelista et al. [4] observed that
the calving period for mountain nyala in the Bale Mountains peaks in
mid- October following the rainy season. By November, calves may
still be in hiding or not yet born resulting in a smaller number of
observations. By February and March, calves are noticeably more
abundant, highly mobile, and of comparable size [4]. Similarly, adult
males are less conspicuous in November than they are in February and
March. Adult males are solitary throughout most of the year or found
in small bachelor groups. In January, they become more gregarious as

females approach estrus and males compete for mating access [4]. In
our study area, calves and juveniles together accounted for about 37%
of the total population. Although the mean juvenile proportion was
larger for each year, it was not significantly different from the calf
proportion of the previous year for years 2006-2007 and 2008-2009
suggesting that calf survival is high in our study area or that calves are
extraordinarily hard to detect. Although there were no significant
differences between years for juvenile proportions, juvenile survival is
likely to vary from year to year as a result of environmental
fluctuations [37].

When surveying large mammal populations, the time of year
sampling is conducted is important. While it would be preferable to
include surveys performed at all seasons to track annual changes in
demographics, we are confident that our results provide robust
demographic estimates of the population in Abasheba-Demaro study
area. This is further supported by the fact that no differences in
demographic parameters between seasons were found in Gaysay [11].
That said, sexing and aging mountain nyala can be difficult over long
distance and in dense vegetation cover which further highlights the
need for detection probabilities to be included in future studies.

Given the habitat and behavior of mountain nyala, the use of direct
observational counts was a successful method in our study area to
obtain the data required for demographic analysis. Although the forest
vegetation and terrain can limit visibility and detection of individuals,
we were able to find locations that provided visual access to large areas
where mountain nyala could be observed and confidently classified.
Unlike the population of mountain nyala in Gaysay and the park
headquarters, the mountain nyala in the Abasheba-Demaro study area
are much less habituated to human presence and are more cryptic.
Therefore, mark-recapture and transect surveys were not feasible and
using observation locations that limit disturbance were important to
the collection of data. The direct observational count method can
provide robust estimates of demographic parameters with relatively
limited monetary and personnel resources in a short amount of time.
This method could be especially useful for surveying multiple
populations in a quick and consistent fashion. Future survey efforts
would further benefit from incorporating detection probabilities for
different observers, habitats, age classes and sex [38,39].

Conclusion

Our demography estimates in the Abasheba-Demaro controlled
hunting area provide the most comprehensive indices of the health of
a hunted mountain nyala population to date. The population has a
high productivity rate with high proportions of calves and juveniles
and an apparent high survival rate of calves to juveniles. This area
holds a high proportion of males with large, record setting bulls
continue to be harvested suggesting a healthy male population that has
likely not experienced any body-size or horn size impacts from the
annual size-selective harvesting [40]; however, future studies aimed at
these questions specifically would be beneficial. While the populations
in Gaysay and the park headquarters are not hunted, their densities are
at levels that likely to be unhealthy and unsustainable [11,33]. This will
be further compounded by the rapid development and expansion of
the nearby town of Dinsho and the completion of a newly paved road
connecting it to the village of Robe to the East and the town of
Shashemene to the West.

The status of the Abasheba-Demaro population is likely due to the
intensive hunting policies and regulations in place for mountain nyala
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and the management strategies of the concession owners. Although
this area is outside the national park, it is still patrolled and managed
year round under the direction of the concession owner. This appears
to help protect the area from sprawling land conversion and increasing
presence of humans and livestock; both implicated for declines in
mountain nyala densities and range [4,6,7,9]. There is an economic
incentive for the concession owners to protect and promote the health
of the mountain nyala population in this area. If the population falls
and can be detected through bi-annual surveys conducted by the
EWCA, the concession will be allocated a lower harvest quota
reducing the number of available hunts and ultimately the concession
owner’s revenue. Without the full quota, the concession owner may
not be able to sustain the business and may have to abandon their year
round presence. Without their direct and continual oversight, the area
would likely be quickly settled, grazed and over-harvested for
resources by nearby communities with potential cascading negative
impacts on the mountain nyala status in the area. Large mammal
conservation over large spatial extents is becoming more and more
difficult as habitat fragmentation continues subsequent to human
population growth [41]. As the mountain nyala population continues
to become fragmented, all populations within their geographic range
need to be monitored and evaluated. Understanding and managing
sub-populations can improve conservation at broad-scales [42]. While
our study provides new insights into a largely unstudied but critical
sub-population of mountain nyala, additional areas need to be
surveyed to gain a more complete understanding of the total
population’s health. Specifically, areas of the Harenna forest in the
southern portion of Bale Mountains National Park need a
comprehensive evaluation of mountain nyala. The methods employed
in this study could be used to survey these additional areas using
relatively few resources. Future conservation and status evaluation
efforts would greatly benefit from delineating and evaluating sub-
populations of mountain nyala across its existing range.
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