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Simple Summary: Using hierarchical distance-sampling models, we estimated the population size
of the endemic Arabian Partridge at the northern boundary of its range in Saudi Arabia and the
factors that influence density and distribution. Overall density in Harrat Uwayrid Biosphere Re-
serve was estimated at 25.6 (6.16 SE) birds/km2 and abundance at ~118 individuals. We found
significant decreases in Arabian Partridge abundance in response to habitat disturbances, including
grazing, hunting, and feral donkeys, the latter of which were present at 70% of sites surveyed. We
recommend establishing a monitoring program to protect the reserve’s wildlife and habitat from
livestock grazing and hunting and a control program to remove feral donkeys. Additionally, we
recommend developing a monitoring program for the Arabian Partridge and other endemic species
in the reserve and throughout their range and investigating the impact of grazing practices and feral
donkeys on the Arabian Partridge and other native species in the region to inform conservation and
management plans.

Abstract: The Arabian Partridge (Alectoris melanocephala), is an endemic bird species of the Arabian
Desert that lives in groups and inhabits rocky hillsides with patchy vegetation. Throughout their
range, Arabian Partridges contend with hunting and habitat destruction, factors that may limit
their distribution and abundance. Although the abundance of this species has been assumed to be
stable, no actual estimate of its population size has been undertaken. We assessed the distribution
and estimated the abundance of the Arabian Partridge at the northern boundary of its range in
Saudi Arabia. The estimated density and abundance of the Arabian Partridge in Harrat Uwayrid
Biosphere Reserve was 25.6 (6.16 SE) birds/km2 and ~118 individuals, respectively, with higher
numbers of individuals in less disturbed sites and near rocky outcrops and hillsides. In sites where
hunting occurred, as indicated by the presence of hunting shelters, partridge numbers were extremely
low or absent. Our study provides the first quantitative assessment of the Arabian Partridge at
the northern limit of its range and highlights the need to reduce threats from hunting, livestock
grazing, and feral donkeys and to undertake conservation measures to mitigate factors associated
with partridge decline.

Keywords: Arabian Desert; distance sampling; feral donkeys; endemic species; hunting; Harrat
Uwayrid Biosphere Reserve

1. Introduction

Located in the southwest corner of Asia, the Arabian Desert forms a land bridge
between Asia, Europe, and Africa that has allowed for the exchange of biodiversity between
continents [1] and resulted in a distinctive wildlife community that is highly adapted to
extreme conditions [2]. Fauna and flora in this region comprise many rare, threatened,
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and endemic species that have unique ecological roles, such as the regionally endangered
Eurasian Griffon (Gyps fulvus), and endemic bird species, such as the Arabian Wheatear
(Oenanthe lugentoides) and the Arabian Green Bee-eater (Merops cyanophrys). However, due
to the challenges inherent in accessing desert terrain and this region’s distinctive harsh
climate and topography [3,4], many Arabian Desert species tend to receive relatively little
study and conservation attention [5].

Partridges are among those species adapted to harsh climatic and environmental
conditions that successfully breed in the Arabian Desert [6]. Robust birds with strong bills
and legs, partridges often forage in family or social groups (coveys), especially outside
the breeding season, and both sexes have similar plumage [6]. Among the seven par-
tridge species in the Arabian Desert, two are endemic: the Arabian Partridge (Alectoris
melanocephala) and Philby’s Partridge (Alectoris philbyi) [6]. Compared to Philby’s Partridge,
the Arabian Partridge has a wider range that expands over the eastern and southwestern
fringe of the Arabian Peninsula with a designated northern distributional limit at 26◦ N [6].
Occurring in highlands and rocky slopes in southern Arabia, the Arabian Partridge is found
at altitudes from 250–2800 m [7,8].

The global population of Arabian Partridge is believed to number 400,000 pairs [6],
although no monitoring program or data-based population estimate has been undertaken.
No specific potential threats to Arabian Partridge have been quantified, but this species is
considered likely to be affected by habitat degradation and loss caused by livestock grazing,
conversion to agricultural land, and drought [9]. In the northern Arabian Desert, declines
in congeneric Chukar (A. chuckar) populations are attributed to predation pressure on eggs,
chicks, and adults by canid species, such as the golden jackal (Canis aureus) and the red
fox (Vulpes vulpes) [10], as well as livestock overgrazing that degrades and destroys their
habitat and nesting sites [11]. Although Arabian Partridges are targeted by hunters and egg
collectors, the effects of these activities on their populations have not been quantified [9].
The hunting of gamebirds is known to be unsustainable above particular thresholds, such
as when it causes mortality of over 15% of a breeding population that produces 2–5 chicks
per pair [12]. Partridges may also be targeted by predators such as the African wildcat
(Felis lybica), Arabian wolf (Canis lupus), and feral dogs (Canis familiaris).

Recently, the Royal Commission for AlUla (RCU) established the Harrat Uwayrid
Biosphere Reserve (HUBR) in northwestern Saudi Arabia [13], which includes the north-
ernmost distribution of the Arabian Partridge. Included in the HUBR mandate is the
prohibition of hunting and the development of conservation and/or reintroduction plans
for threatened and endemic species, including the Arabian Partridge. While Arabian
Partridge numbers have been assumed to be stable throughout their range [9], accurate
information about the population trends and conservation status of the Arabian Partridge
is not available as there is no monitoring program for this or many other endemic species
in this region.

Here, our objectives were to (1) estimate, for the first time, the population size of
the Arabian Partridge within the HUBR in Saudi Arabia and (2) assess factors that might
influence its distribution, such as landscape features, vegetation cover, and disturbances,
including livestock grazing, hunting, and the presence of feral animals, such as donkeys
and dogs in the reserve.

We hypothesized that the abundance of the Arabian Partridge would depend on the
landscape, topography, and disturbance factors. We predicted that Arabian Partridge
numbers would be higher in sites dominated by rocky outcrops and slopes that provide
partridges with cover and camouflage. Additionally, we predicted that the presence of
livestock grazing and feral animals would adversely affect the abundance of the Arabian
Partridge. We tested our hypotheses by modeling the abundance of the Arabian Partridge
as a function of landscape- and disturbance-related variables using a hierarchical distance
sampling approach.
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2. Materials and Methods
2.1. Study Species

The Arabian Partridge is the largest species of its genus [6]. Pale gray in color, it has
a black crown that stretches back to its nape, a broad white supercilium and throat, and
gray tail feathers that are visible in flight, characteristics that visually distinguish it from
its sister species [9,14]. The Arabian Partridge is also phylogenetically distant from other
species of Alectoris genus [8]. Males and females have similar plumage, but males (~724 g)
are almost 40% larger than females (~522 g) [6,15]. The breeding ecology of the Arabian
Partridge is poorly understood, especially in the wild, but it is believed to be a monogamous
species [15]. Breeding starts by pair formation in February–March, when males become
more vocal and territorial [6]. Females lay eggs between March and May in a scoop nest on
the ground, with 5–8 eggs, and chicks have been recorded between April and November,
but mainly from June to September [6,15]. Pairs may produce two broods per year in some
areas, and in some cases, males and females may each incubate separate broods, with chicks
congregatingpost-hatching [6]. Arabian Partridges are gregarious and typically found in
coveys of 10–15 individuals, although group numbers as high as 27 have been reported [6].
Their population structure and social behavior are poorly understood [6,15]. The Arabian
Partridge is found at high altitudes of up to 2800 m, where it forages on seeds, fresh leaves,
and invertebrates, and it does not require open water for drinking, as it obtains its water
requirements from food [6,9].

2.2. Study Area

A recently declared UNESCO site, the Harrat Uwayrid Biosphere Reserve (HUBR),
is located in the northwest of Saudi Arabia (27.014417◦ N, 37.517526◦ E). The largest of
five nature reserves in Saudi Arabia’s AlUla region, the HUBR covers 4680 km2 and is
characterized by highly variable topography (550–1830 m.a.s.l.) (Figure 1). The HUBR is the
first non-marine biosphere reserve in the region [13], and forms part of the Hejaz highlands
with a lava-covered sandstone plateau. Approximately 5000 people inhabit the buffer
zone and transition areas of HUBR, where they practice traditional farming and livestock
grazing. HUBR is located in the most arid region of the Arabian Peninsula, with a maximum
precipitation of 29 mm in January [16]. Temperatures range from 45 ◦C in mid-summer
to 14 ◦C in mid-winter [17]. Part of the Saharo-Arabian region with sparsely vegetated
areas [18], HUBR hosts at least 55 higher plant species, with dominant vegetation including
Haloxylon salicornicum, Retama raetam, and Acacia woodland. In addition to species already
mentioned, the HUBR hosts the regionally vulnerable Striped hyena (Hyaena hyaena),
regionally vulnerable Blandford’s fox (Vulpis cana), regional endemic Arabian wolf (Canis
lupus arabs), the regionally vulnerable Arabian gazelle (Gazella arabica), and the Nubian ibex
(Capra nubiana).

2.3. Field Data Collection

We conducted field surveys for Arabian Partridge between May and September 2022
on 73 line transects distributed across the HUBR. Transects were distributed based on
conditional random sampling and were located a minimum of 5 km away from human
settlements and 3 km away from the nearest transect in order to avoid pseudo-replication
and spatial autocorrelation and ensure that our observations were independent [19,20].
Selected transects were divided among three observers with long-standing experience in
desert bird identification. We carried out fieldwork during periods when we expected
partridges to be most active, namely after dawn (07:00–09:30) and before dusk (16:00–18:30).
Each transect had a predefined length of 1 km and a width of 140 m (70 m on each side).
The transect width was determined by the average width of valleys in the study area. We
conducted surveys under suitable weather conditions (i.e., not during dust storms or other
adverse weather events) to avoid weather effects on partridge activity and detectability.
Each transect was traveled by a single observer, with an average speed of 3.5 km/h, who
measured the perpendicular distance from their positions along the transect to Arabian



Birds 2023, 4 182

Partridges encountered, recording numbers of individuals (i.e., covey/group size). For
each transect, landscape covariates that might influence the occurrence and the abundance
of the Arabian Partridge were recorded during the survey, including (1) vegetation cover;
(2) tree cover; (3) distance to the nearest hillside; (4) wadi (valley) width; (5) distance to
vehicle tracks; and (6) disturbance level.
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In sparsely vegetated sites, Arabian Partridges may be more easily detected compared
to densely vegetated sites. We therefore measured vegetation cover on an ordinal scale
in three categories (low, medium, and high). Low vegetation cover was defined as ≤10%
of the area of the transect, medium cover as >10% and ≤30%, and high cover as >30% of
the area of the transect. Arabian Partridges use trees for roosting and foraging [6], so we
expected that tree cover might influence their density and abundance. We documented tree
cover by recording the total number of trees (woody plants > 1 m height) in the transect
area. In addition to open plains with good vegetation cover, Arabian Partridges are found
in rocky habitats [6,15], and we thus measured the Euclidean distance, in meters, between
birds encountered and the nearest rocky outcrop or hillside. We also measured wadi
(valley) width to allow for an examination of its influence on Arabian Partridge density
and abundance; wadi width was defined as the width in meters of the flat area between
sloped hillsides on either side.

Site disturbance either by people (e.g., hunting, driving) and domestic or feral ani-
mals (e.g., livestock, feral donkeys) significantly affected the density and detectability of
Arabian Partridges. We therefore quantified disturbances through two variables: distance
to vehicle tracks and site disturbance level. Distance to vehicle tracks was measured as
the Euclidean distance between the bird encountered and the nearest vehicle track. All
distance measurements were recorded using a laser rangefinder (Bushnell Tour V5). Site
disturbance levels were quantified on an ordinal scale with “0” representing no disturbance
and “10” representing a high disturbance level (e.g., site overgrazed, both feral donkeys
and dogs were recorded, and evidence of hunting was recorded). Disturbances resulted
from (1) grazing by livestock; (2) the presence of feral donkeys; (3) the presence of feral
dogs; and (4) hunting (as evidenced by, e.g., the presence of bullet cartridges, gunshots,
and hunting shelters) and/or camping (e.g., presence of firewood and/or tree cutting)
within the transect area. Grazing intensity and hunting evidence were assessed on a scale
of four categories, while the apparent presence or absence of feral donkeys and dogs was
measured on a binary scale. The scale of grazing was (“0” = no grazing, “1” ≤ 10 grazing
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animals, “2” ≤ 30 grazing animals, and “3” > 30 grazing animals). The scale for hunting
was “0” = no evidence of hunting, “1” = a single indication of hunting (such as a shotgun
shell), “2” = two indications of hunting (such as two shotgun shells), and “3” more than
two indications of hunting (such as a hunting blind and multiple shotgun shells). The
presence or absence of feral donkeys was indicated as “1” or “0”, respectively. The values of
these factors were thus used to describe disturbance presence and levels for each transect.

2.4. Statistical Analyses

We tested for correlations between continuous variables (covey size, wadi width, tree
cover, distance to vehicle tracks, and distance to nearest hillside). We found a negative
correlation (r = −0.8) between the distance to the vehicle track and the distance to the nearest
hillside and a positive correlation (r = 0.77) between covey size and distance to vehicle
tracks. We therefore avoided combining these correlated variables in the same model.

To estimate Arabian Partridge density, we applied a hierarchical distance-sampling
model, following the framework developed by Royle et al. [21] and using the “distsamp”
function implemented in “unmarked” R package [22]. This hierarchical approach allows for
modeling species density as well as detection probability [21–23] and allows for modeling
density in response to covariates [23]. We grouped observation data from line transect
surveys into 10 m discrete intervals. Partridge detection probability was modeled using
two key functions, the half-normal and hazard rates, respectively [22]. In order to identify
variables associated with partridge detection probability and density (individual/km2),
we modeled partridge detection probability as a function of five variables, including
three landscape-related covariates (vegetation cover, tree cover, and wadi width) and two
detection-related covariates (observer and covey size). We modeled partridge density as a
function of landscape variables and scaled all continuous variables before running models
to facilitate model convergence [24]. Our sampling period included the breeding period
(May–June) and the main post-breeding period when chicks appear (July–September). To
account for temporal variability in species density and abundance, we included season as a
binary variable while modeling the density and the abundance of the Arabian Partridge,
with a value of “1” indicating that sampling covered the breeding period and a value of “2”
indicating that sampling covered the post-breeding period.

We ran all possible model combinations, from the null model, with no covariates
incorporated, to the full model, with additive and interaction terms, including linear and
quadratic terms. Goodness-of-fit for the global model [25] was evaluated using the “gof
ds” function implemented in “Distance” R package [26]. We used Akaike’s information
criterion (AIC) to select the best model (lowest AIC) among the rival models [25,27]. Finally,
we used a t-test to compare the estimated density of the Arabian Partridge in sites where
feral donkeys were recorded to those where they were not recorded. All analyses were
performed using the R environment [28].

3. Results

We recorded a total of 91 Arabian Partridges (naïve abundance) with mean and
maximum covey sizes of 2.1 and 4, respectively. We found evidence of hunting in almost
25% of sites surveyed and evidence of livestock grazing and the presence of feral donkeys
in nearly 70% of surveyed sites. We ran a total of 12 models to investigate Arabian Partridge
detection probability and population density (Table S1).

The distance sampling model that best fit of line the data, with an AIC value of
239.06, modeled detection probability as a function of covey size, observer, and vegetation
cover. Density was modeled as a function of wadi width, including a quadratic term, and
covariates of tree cover, disturbance, and distance to the nearest hillside. We estimated
the Arabian Partridge’s overall density as 25.6 (6.16 SE) birds/km2 and abundance in the
surveyed area as ~118 individuals. Both covey size and the vegetation cover significantly
influenced Arabian Partridge detection probability (Table 1). Our model also demonstrated
a strong negative association between the Arabian Partridge density and habitat disturbance



Birds 2023, 4 184

levels (Figure 2). The second-best model according to the AIC value included seasons as a
factor in order to explain the estimated density and abundance of the Arabian Partridge
(Table S1). Meanwhile, there was an insignificant change in the estimated density over the
seasons (breeding and post-breeding). The t-test showed a significant difference (t = 9.32,
df = 144, p < 0.0001) between the mean estimated density in sites where feral donkeys
were present (0.50 birds/km2) and sites where feral donkeys were absent (11.57 birds/km2)
(Figure S1).

Table 1. The model parameters for the best model. The first part is the parameters for density estimate
and the second part is the parameters for detection probability estimate.

Estimate SE Z Value p-Value

D
en

si
ty

m
od

el

(Intercept) 4.492 0.801 5.607 0.001
Wadi width −0.085 0.377 −0.227 0.820
Wadi width (quadratic term) 0.032 0.275 0.117 0.906
Tree cover 0.004 0.216 0.018 0.985
Disturbance −0.519 0.229 −2.269 0.023
Distance to hillside 1.849 0.979 1.887 0.059
Interaction between disturbance
and distance to hillside −0.532 0.286 −1.86 0.062

(Intercept) 1.797 0.482 3.726 0.001
Covey size 0.727 0.217 3.354 0.001
Second observer 0.024 0.257 0.096 0.923

D
et

ec
ti

on
pr

ob
a-

bi
lit

y
m

od
el

Third observer 0.224 0.321 0.699 0.484
Medium vegetation cover 0.992 0.449 2.21 0.027
High vegetation cover 0.437 0.455 0.962 0.336
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According to the best fit (lowest AIC) model, the detection function was modeled
using the half-normal key function (Table 1 and Figure 3). The variation in the detection
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probability was explained by covey size and the vegetation cover covariates and displayed
a good fit (Goodness-of-fit test; χ2 = 0.15, p = 0.37). The detection probability estimated was
0.29 (0.78 SE) with an effective strip width of 18 m (Figure 3).
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Figure 3. The detection probability function (half-normal) for Arabian Partridge in Harrat Uwayrid
Biosphere Reserve.

4. Discussion

This study appears to be the first field-based attempt to estimate a population size
for the Arabian Partridge, a species on which previous work has been very limited and
focused mostly on phylogeny [8,29]. Our findings show that the current Arabian Partridge
population in the HUBR is ~118 individuals, with an estimated overall density of 25.6
(6.16 SE) birds/km2, which was strongly influenced by both disturbance and landscape
features. This estimation is prone to yearly fluctuation due to variability in environmental
conditions, such as precipitation, which can strongly influence birds’ food availability. For
example, lower precipitation levels have been shown to lead to energy stress on related
species, such as Chukars and Sand Partridges, in some cases provoking them to leave
the area and migrate elsewhere [30]. In our study area, we found that partridge numbers
strongly declined in response to disturbances, including livestock grazing, the presence of
feral donkeys, and the presence of hunters. We also found a high level of disturbance, with
~70% of the surveyed sites grazed either by livestock (goats, sheep, and/or camels) or feral
donkeys and ~25% of sites showing evidence of hunting.

Moderate levels of disturbance resulted in a ~50% decline in the numbers of Arabian
Partridges compared to the sites with no disturbance. In this study, rather than assessing
the contribution of each factor independently, we classified habitat disturbances into
one variable instead of making separate variables for each disturbance type because many
of these disturbance types were interrelated. However, our field observations indicated
that the impact of feral donkeys on Arabian Partridges is significant and negative. Feral
donkeys in the study area traveled in herds averaging 10 animals throughout the area,
rather than along tracks or paths, distributing their impact throughout large areas. Previous
studies have shown that livestock grazing may strongly affect birds, influencing their
activity patterns, distribution, abundance, and/or nest success [31–34].
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Increased grazing intensity may be associated with decreased bird densities, nest
success, and recruitment [32,35]. In some respects, free-ranging domestic and feral livestock
may partially fill ecological gaps left by the absence of wild grazers that have dwindled
or gone extinct in this region (such as the wild oryx and the gazelle), but their effects
on habitat and native wildlife may be detrimental or unexpected [32,36]. Feral donkey
grazing patterns have been shown to shift the composition of desert vegetation [37,38],
negatively influencing habitat structure and function. Feral donkeys may also drive native
wildlife declines or extirpations through their interactions with wild carnivores [36] and
contribute to habitat degradation, including soil erosion [39] the pollution of water sources
and the prevention of wildlife from drinking [40]. Although free-ranging and feral dogs
may also have significant negative impacts on wildlife [41], most of the feral dogs we
observed during our surveys were either close to human settlements or associated with
shepherds, with few free-ranging individuals occurring inside the desert. Thus, we did
not find evidence that feral dogs have significant impacts on the Arabian Partridge in the
HUBR. Nevertheless, feral dogs should be controlled inside the reserve, as dogs often chase
and harass native animals they encounter, forcing them to engage in energetically costly
behavior and causing ecological and physiological stress to native animals, driving wildlife
decline [41–44].

Hunting was another source of disturbance in the HUBR. Although the prevalence of
this practice was not high (~25% of the covered area), hunting is considered to be among
the main threats to the wildlife in Saudi Arabia [1]. For instance, MacQueen’s Bustard
(Chlamydotis macqueenii), a gamebird species that once was common in the region, has been
extirpated due to the overhunting and prospects regarding the recovery of this species are
uncertain [1]. Moreover, previous research has indicated that in a nearby region (Tabuk
province), wild-caught Arabian Partridges are among the animals sold at an illegal wildlife
market [45]. This implies that the Arabian Partridge is vulnerable to extirpation in this area
if hunting is not regulated and controlled.

Landscape features, particularly hillsides, were positively associated with Arabian
Partridge abundance. Hillsides provide Arabian Partridges with cover from threats, such
as natural predators or hunters. The average Euclidian distance between the observed
partridge and the nearest hillside was <10 m, reflecting the importance of this landscape
feature for this species. During our surveys, Arabian Partridges typically fled for cover upon
detecting people, indicating their fear and vigilance in response to threats or disturbances.
The fate of the MacQueen’s Bustard among other species indicates the vulnerability of
large-bodied terrestrial birds in this region to extirpation.

To protect the Arabian Partridge and wildlife with similar life histories from decline,
we recommend several conservation actions. First, an efficient patrol program to mitigate
and prevent disturbance and illegal hunting should be established, ideally using advanced
technology, such as cybertracker [46] or the SMART system [47]. Second, a control program
for feral animals, including feral donkeys and feral dogs, should be established. Removing
feral animals would allow native species occupy additional areas with suitable habitat and
decrease their physiological stress [48,49]. Third, we recommend implementing a follow-up
program to monitor any changes in the population size of this species. Expanding surveys
to cover a greater area of the Arabian Partridge’s range would alert reserve managers
to priority sites for conservation and allow the assessment of any changes in Arabian
Partridge distribution.

Previous studies have shown that covey size can influence species detectability [50].
Thus, incorporating covey size into detection probability models is important to avoid
overestimating density [50,51]. We found that incorporating covey size improved our
model performance, and that partridge detectability improved with increasing covey size,
due in part to their warning call vocalizations and audible wing flapping to signal to
other group members that they feel threatened. Single individuals, on the other hand,
may silently hide from potential observers, escaping detection. Experienced observers
conducting surveys are less likely to record false absences for this and other reasons.
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Previous work [6] reported that the northern distribution of the Arabian Partridge falls
below 26◦ N. However, all our records of the Arabian Partridge were ~100 km north of its
known distribution, indicating a northward expansion in the range of the Arabian Partridge.
A northward shift has been recorded over the last few decades for many species, both in this
region [5] and outside this region [52]. Such movements have been attributed to ongoing
changes in climatic conditions, which have been associated with many species shifting
either higher in elevation or northward in an apparent effort to adapt to changing climatic
conditions [52–54]. The impacts of climate change over the last few decades, resulting in
warmer temperatures in this region, were not incorporated into our model but might be at
least partially responsible for the northward shift in Arabian Partridge distribution.

5. Conclusions

In this study, we estimated for the first time the population size of the Arabian
Partridge at its northern limit inside Harrat Uwayrid, the first inland human and biosphere
reserve in Saudi Arabia. Our findings indicate a northward expansion in the distribution
of this species beyond its previously known range. We also investigated factors that
influence the abundance of this species, as a first step towards developing conservation
and management plans. We advocate further investigations into the ecological impact of
feral animals on the native fauna and flora of this region, as well as other factors that may
limit Arabian Partridge populations across its entire range of this species, and its response
to climate change. We recommend conservation actions to maintain Arabian Partridge
populations, including (1) conducting ranger patrols to prevent activities prohibited in the
reserve, including hunting and livestock grazing; (2) establishing a control program for the
removal of feral donkeys, dogs, and other non-native animals to mitigate and prevent their
destruction of native habitat and wildlife; and (3) monitoring changes in the population
size of this and other wildlife species in response to ongoing threats and conservation
actions. Conservation actions targeting Arabian Partridges are expected to provide benefits
for other native wildlife in this area, including endangered, rare, and endemic species in
the Arabian Desert.
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