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ABSTRACT
Few arid nations have the baseline data needed to map high value habitat at local scales. We used remote sensing
to model local habitat value across Saudi Arabia, an arid nation with degraded ecosystems and limited baseline
data. First, we digitally mapped the ranges of Saudi Arabia’s 199 high conservation priority terrestrial vertebrate
species to produce a Conservation Priority Species Score for every point in the Kingdom. We then used ArcGIS to
score five landscape attributes (to 30-m resolution) that correlate with vertebrate occupancy rates in arid
ecosystems (urban development, land-use naturalness, hydrology, protected area status, and terrain complexity) to
produce a Site Quality Score for every location. By multiplying the broadscale Conservation Priority Species
Score by the local Site Quality Scores, we generated a Site Conservation Value Score for every location in Saudi
Arabia. Modelled Site Conservation Value Scores correlated significantly with species counts from field surveys
conducted at 12 sites, suggesting our model has value. We review the literature from arid ecosystems to test the
assumptions inherent in our model and acknowledge the limitations of our approach. These results suggest our
interim model can help identify local site value in arid ecosystems until more refined models are generated.
Key words: ArcGIS, Biodiversity conservation, Conservation triage, Protected Areas, Saudi Arabia

INTRODUCTION
To mitigate the global biodiversity crisis, conservation
agencies, land managers, industries and governments
require accurate and efficient mapping of habitat quality
at local scales. However, such data can be prohibitively
expensive to collect in the field and can take too long to
obtain. As a result, remotely sensed data are increasingly used to model species distributions in time and space
(Nagendra, 2001; Turner et al., 2003; Abdullah et al.,
2018).
Like most arid ecosystems, Saudi Arabia’s biodiversity is under threat from increasing urbanization,
desertification, agricultural intensification, excessive
hunting, climate change, and numerous other processes
(Abuzinada et al., 2005; Al-Rowaily et al., 2015; Barichievy et al., 2018). Consequently, 113 species in Saudi Arabia are listed as vulnerable, 40 are endangered, 16
are critically endangered, three are regionally extinct,
and one is globally extinct. Only one of the 21 extant
nationally endemic species is listed as least concern and
none are stable or increasing (IUCN, 2021). Furthermore, desert ecosystems are highly sensitive to disturbance and recover slowly, if at all (Bainbridge, 2012).
Hence, it is essential to conserve any remaining high
value habitat in the Kingdom. However, to date there
are no published models of Kingdomwide habitat quality and very little baseline data about species distributions, making it challenging for organizations to avoid
damaging high value habitat or to prioritize which habitat to protect. Therefore, the purpose of this study is to
use remote sensing to develop a preliminary model of

habitat quality that can be used by conservation agencies, industries and land managers to help identify and
protect Saudi Arabia’s highest conservation priority
habitat.
In previous work, we developed an empirical
scoring methodology to identify and rank Saudi Arabia’s highest conservation priority species based on
their global and regional conservation and population
statuses, national responsibility, national abundance,
level of endemicity, and phylogenetic distinctness (see
Boland & Burwell, 2020, 2021 for details). Using this
methodology, 199 species (five amphibians, eight freshwater fish, 29 mammals, 55 reptiles, and 102 bird species) are identified as high conservation priority to Saudi Arabia, each with a relative conservation priority
score ranging from 0 to 100 (highest conservation priority).
In this study, we first aim to model the location
of Saudi Arabia’s 199 high conservation priority vertebrate species. Given that these high conservation priority species are more likely to occur in high value habitat
within their range, we then model five landscape variables that are known to correlate with presence/absence
of high conservation priority vertebrate species: (i) urban development, (ii) land-use naturalness, (iii) hydrology, (iv) protected area status, and (v) terrain complexity.
Our premise is simple: in arid environments high conservation priority terrestrial vertebrates are more likely
to occur amongst natural vegetation, near a wadi, in
complex terrain, away from human structures, and within a protected area, than in a flat, barren site, far from a
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wadi, close to urban structures, with no formal protection. We review the literature from arid environments
that supports and tests these assumptions and discuss the
limitations inherent in our approach.

using a linear function to a score of 50 at 5 km from the
perimeter of each farm. Areas of mixed woodlands /
low intensity agriculture were scored as 100 with surrounding areas rescaled using a linear function to a
score of 50 at 1 km from the perimeter of the habitat
type. Rangelands were scored as 50. Cities and towns
were excluded from this analysis.
Third, we created an input layer to score habitat
value according to its proximity to wadis (drainage
channels) and wetlands (both natural and artificial). We
used a 30-m digital elevation model to calculate wadi
drainage patterns (publicly available from Ministry of
Economy, Trade and Industry of Japan and the United
States National Aeronautics and Space Administration).
We used the Fill tool to fill in low-lying sinks and imperfections in the dataset, and the Flow Direction tool to
determine the direction of flow from each cell to its
steepest downslope neighbour. We then used the Flow
Accumulation tool to calculate the accumulated flow
for each cell. The Conditional Operator tool extracted
the drainage patterns, and the Stream Order tool assigned a wadi order number to each branch of the drainage network from 1 (the smallest wadi tributary) to 7
(the largest wadi). We used the Stream To Feature tool
to convert the data to a vector network (cf. Magesh et
al., 2012; Omran et al., 2016). Dendritic patterns in
sand seas were excluded from the analysis. The centre
line of each wadi was then buffered to a distance equal
to wadi order number multiplied by 1,000 m (thus the
largest wadis were buffered to 7,000 m and the smallest
wadi tributaries to 1000 m). Areas inside wadi buffer
zones were scored 100, with habitat value scores decreasing linearly to 0 at 1 km from the edge of the buffer. We used satellite imagery to identify significant wetlands. Each wetland was buffered to 1 km from the perimeter. Wetlands and their buffer zones were scored
100 with habitat value scores decreasing linearly to 0 at
10 km from the perimeter of the buffer.
Fourth, we created an input layer to score habitat value according to its protected area status with the
following categories: (i) national protected areas, (ii)
Important Bird and Biodiversity Areas (Birdlife International, 2021), (iii) Important Plant Areas (Plantlife International, 2021), (iv) coastal 400-m setback areas, (v)
proposed protected areas, and (vi) other identified protected areas (World Database on Protected Areas; Saudi
Aramco Biodiversity Protection Areas). Areas inside
protected areas and their buffer zones were scored as
per Table 1, with habitat value scores decreasing linearly to 0 with increasing distance from the protected area
buffer (see Table 1). Once the protected area grids were
created, the Cell Statistics tool was used to create a
composite protected area input layer by selecting the
maximum habitat value score for each location.
We created an input layer to score habitat value
according to its terrain complexity (cf. Huang et al.,
2020). Terrain complexity is grouped into six variables:
slope, terrain undulation, surface cutting depth, profile
curvature, surface roughness and elevation variation
coefficient. These variables were derived from GDEM
30-m elevation data. We used the Reclassify By Function tool to score terrain complexity at each location
from 0 (least complex, lowest habitat value) to 100
(most complex, highest habitat value). Once the terrain
complexity grids were created, we used the Cell Statistics tool to calculate the mean habitat value score for the
six terrain complexity variables for each point in the
Kingdom.

MATERIALS AND METHODS
Modelling landscape level conservation priority scores
To model landscape level conservation priority scores,
we used ArcGIS 10.6.1 (ESRI, 2018) to superimpose
digitized range maps for each of Saudi Arabia’s 199
high conservation priority terrestrial vertebrate species,
and then applied the Weighted Sum tool to calculate the
summed Conservation Priority Species Scores for every
point in the Kingdom (cf. Mateo, 2012; Domisch et al.,
2015). We used the Reclassify by Function tool with a
linear transformation to rescale the map to values between 0 and 100.

Modelling site habitat value
To model site habitat value, we first scored five habitat
attributes for every point in the Kingdom: infrastructure,
naturalness, hydrology, protected area status, and terrain
complexity. For each attribute, we used ArcGIS to score
every location according to its habitat value, ranging
from 0 (indicating the point has the lowest habitat value)
to 100 (indicating the site has maximum habitat value)
as described below.
First, we created an input layer to score habitat
value according to its proximity to populated centers
and associated infrastructure (cf. Rüdisser et al., 2012;
Wanghe et al., 2020). Urban spatial data were obtained
from Navteq. Populated centers were categorized according to latest available population estimates: major
cities (>1,000,000 people), cities (100,000–1,000,000),
large towns (50,000–100,000), medium towns (10,000–
50,000), small towns (5,000–10,000) and villages
(<5,000). Each populated area was buffered a distance
according to its population size (with larger population
centers having a larger buffer: Table 1). Points inside
populated area buffer zones were scored 0, with habitat
value scores increasing linearly to 100 at a variable distance from the buffer perimeter (with larger population
centers having a wider zone of impact: Table 1).
Infrastructure was categorized as highways, secondary roads, railway lines, pipelines and powerlines
and buffered to 20 m. Areas inside infrastructure buffer
zones were scored 0, with habitat value scores increasing linearly to 100 at 3 km from the edge of the highway
buffer or 1 km from the edge of other infrastructure
buffers (Table 1). Once the urban and infrastructure
grids were created, we used the Cell Statistics tool to
create a composite urban and infrastructure input layer
by selecting the minimum habitat value score for each
location.
Second, we created an input layer to score local
habitat value according to the relative naturalness of
three principal land use types: (i) high intensity agriculture, (ii) mixed woodlands / low intensity agriculture,
and (iii) rangelands (cf. Krosby et al., 2015; Cao et al.,
2020). We used the Normalized Difference Vegetation
Index (NDVI) to extract vegetation data from the multispectral imagery obtained from the Sentinel-2 satellite
sensor. We used NDVI thresholding to classify the vegetation layer into three the land use types. Using the
Euclidian Distance tool, distance grids were created for
each vegetation type. High intensity agriculture was
scored as 0, while surrounding areas were rescaled
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Table 1. The scoring system used for each of the site attributes.

Habitat value score

Buffer (km)

Zone of influence
(km)

0

0

5

Traditional agriculture / woodlands

100

0

1

Rangelands

50

0

1

Wadi order 7 (largest wadis)

100

7,000

1

Wadi order 6

100

6,000

1

Wadi order 5

100

5,000

1

Wadi order 4

100

4,000

1

Wadi order 3

100

3,000

1

Wadi order 2

100

2,000

1

Wadi order 1 (smallest wadis)

100

1,000

1

Wetlands

100

1,000

10

Major cities

0

10

200

Cities

0

10

100

Large towns

0

10

50

Medium towns

0

5

20

Small towns

0

2

10

Villages

0

2

5

Highways

0

.02

3

Secondary roads, railways

0

.02

1

Pipelines

0

.02

.3

Powerlines

0

.02

1

National Protected Areas

100

1,000

10

Important Bird and Biodiversity Areas

75

1,000

5

Important Plant Areas

75

1,000

1

Other identified protected areas

50

1,000

1

Proposed protected areas

25

1,000

1

Coastal setback areas

100

400

5

Slope

0 – 100

n/a

n/a

Terrain undulation

0 – 100

n/a

n/a

Surface cutting depth

0 – 100

n/a

n/a

Profile curvature

0 – 100

n/a

n/a

Surface roughness

0 – 100

n/a

n/a

Elevation variation coefficient

0 – 100

n/a

n/a

Attribute

(max: 100)

Land use
High intensity agriculture

Hydrology

Infrastructure

Protected areas

Terrain complexity
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Modelling site conservation value
After scoring each location out of 100 for each of the
five habitat value attributes, we used the Cell Statistics
tool to calculate the Mean Habitat Value Score for each
location. We then used the Map Algebra tool to divide
the Mean Habitat Value Score by 100 to obtain a Site
Quality Score (ranging from 0 to 1) for every point in
the Kingdom. We used the Map Algebra tool to multiply
the summed Conservation Priority Species Score by the
Site Quality Score to create a Modelled Site Conservation Value Score for every point in the Kingdom.
Testing the model
Field surveys were conducted between 2014 and 2017 at
12 designated or proposed Saudi Aramco Biodiversity
Protection Areas by five independent third-party consultancies. The 12 sites are distributed across Saudi Arabia
and cover most major habitat types (Table 2). At each
site, two experienced field biologists conducted fiveday / four-night surveys during spring (late February to
early May). Vertebrate species were recorded using direct and indirect observations (including active searches,
linear transects, sit and wait recordings, nocturnal spotlighting searches), and by setting 30 Sherman traps,
eight pitfall trap lines, six remote camera traps, and four
ultrasonic bat detectors at appropriate locations throughout each site, and (if wadis or wetlands were present) by
conducting amphibian sound recordings and freshwater
fish searches. We tested the final model by running a
linear regression between our Modelled Site Conservation Value Score and the number of vertebrate species
recorded in field surveys at 12 locations across Saudi
Arabia. Statistical analyses were conducted using JMP
16.1 statistical software (SAS, 2021).

Figure 1. Heat map of summed conservation priority
scores for all terrestrial vertebrates in Saudi Arabia.
Warmer colors depict areas of higher conservation priority; cooler colors depict areas of lowest conservation
priority. Black dots denote regional capital cities.

Table 2. Location and date of field surveys.
Site
ID
1
2
3
4
5
6
7
8
9
10
11
12

Location
Abha
Abqaiq
Abu Ali
Bahrah
Dhahran 1
Dhahran 2
Khurais
Manifah
Medinah
Shaybah
Tanajib
Udhailiyah

Habitat
type
Alpine
Wetlands
Coast
Woodlands
Jebels
Wetlands
Scrub desert
Coastal
Woodlands
Sand seas
Coastal
Scrub desert

Year of survey
May 2015a
April 2016b
April 2015c
May 2016b
April 2014a
April 2014a
May 2017a
April 2015c
May 2016b
February 2017d
April 2015c
March 2017e

Figure 2a. Heat map of infrastructural impact on habitat
value. Warmer colors depict areas of lower infrastructural
impact on habitat value; cooler colors depict areas of
greater infrastructural impact on habitat value. Black dots
denote regional capital cities.

Field surveys were conducted by a Clean Environment Technology,
b
Arensco, c Conseco, d Royal Society for the Conservation of Nature Jordan, e SNC Lavalin

RESULTS
We generated a landscape level conservation priority
heat map, which depicts summed relative High Conservation Priority Scores for all terrestrial vertebrates in
Saudi Arabia (Figure 1). We then generated site habitat
value heat maps for each of the five modelled habitat
variables: infrastructure, land use naturalness, hydrology, protected area status, and terrain complexity (Figure
2), and a relative Site Quality Score map (Figure 3),
which depicts modelled habitat quality at a 30-m level.

Figure 2b. Heat map of hydrological impact on habitat
value. Warmer colors depict areas of higher habitat value
due to the presence of wadis or wetlands; cooler colors
depict areas further from wadis or wetlands. Black dots
denote regional capital cities.
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Table 3. Modelled areas of influence for major land use types in Saudi Arabia.
Land use

Direct footprint km2 (% of KSA)

Indirect impact km2 (% of
KSA)

High intensity agriculture

7,222 (0.3%)

171,911 (7.4%)

Traditional agriculture / woodlands

12,355 (0.5%)

51,794 (2.2%)

Rangelands

1,882,261 (80.7 %)

1,882,261 (80.7 %)

Populated areas and infrastructure

85,526 (4%)

1,528,735 (65.6%)

National Protected Areas

342,885 (14.7%)

419,991 (18.0%)

Figure 2c. Heat map of vegetation impact on habitat value.
Warmer colors depict areas of higher habitat value due to
the presence of woodlands and traditional low intensity
agriculture; cooler colors depict areas of lower habitat
value due to high intensity agriculture; tan areas depict
rangelands; black polygons denote regional capital cities.

Figure 2d. Heat map of protected area status impact on habitat value. Warmer colors depict areas of higher habitat value
due to the presence of protected areas of variable status; cooler colors depict areas further from protected areas or of low
protection status; black dots denote regional capital cities.

Figure 2e. Heat map of terrain complexity impact on
habitat value. Warmer colors depict areas of higher habitat
value due to the presence of more complex terrain; cooler
colors depict flatter areas of lower habitat value; black dots
denote regional capital cities.

Figure 3. Heat map of overall site habitat quality. Warmer
colors depict areas of higher habitat value; cooler colors depict
areas of lower value; black dots denote regional capital cities.

A linear regression revealed a significant positive
relationship between Modelled Site Conservation Value
Score and the number of vertebrate species recorded at
the 12 surveyed sites (Linear regression F1,10=12.2,
P=0.01; Figure 5).

Finally, we generated a map of the Modelled Site Conservation Value Score for every point in the Kingdom
(summed Conservation Priority Species Score multiplied by Site Quality Score), to model the relative likelihood that high conservation priority vertebrates will
occur at any given site (Figure 4). The total areas of
Saudi Arabia covered by major land use types (both
their direct footprint, and their surrounding areas of
attenuating impacts) are presented in Table 3.

DISCUSSION
We used a novel method to produce a heat map that
depicts the summed conservation priority scores for
every vertebrate species in Saudi Arabia (Figure 1).
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is useful, it is ultimately based on broadscale, expert
range maps of low resolution that do not take into account local variations in habitat quality. High conservation priority species are more likely to occur in patches
of high value habitat within their range. Therefore, we
used ArcGIS to map and score five landscape attributes
that are known to correlate with vertebrate presence/
absence in arid ecosystems: infrastructure, land use
naturalness, hydrology, protected area status, and terrain complexity (Figure 2). By taking the mean scores
of these five attributes at each point, we developed a
map of local site quality, which depicts the attractiveness of any given site to high conservation priority vertebrates (Figure 3). We then multiplied the site quality
score by the summed conservation priority score for
each point in the Kingdom to generate a model of site
conservation value to 30-m resolution (Figure 4). This
modelled site conservation value was significantly related to the number of vertebrate species recorded in field
surveys previously conducted at 12 sites across the
Kingdom (Figure 5). This suggests the model is reasonably reliable, although more field surveys should be
conducted to further test and enhance the model’s robustness.
While ours is a novel approach, comparable
methodologies have been applied to model and map
habitat values in numerous conservation programs (e.g.,
Nagendra 2010; Hefley et al., 2015; Fabris et al., 2018;
Corradini et al., 2021; Zheng et al., 2021).

Figure 4a. Heat map of site conservation value. Warmer
colors depict areas of higher conservation value due to the
presence of high conservation priority species and high
value habitat; cooler colors depict areas of lower conservation value; black dots denote regional capital cities.

The impacts of populated areas and infrastructure on
arid biodiversity
The first attribute we modelled was populated areas and
associated infrastructure. For the myriad reasons outlined below, very few high conservation priority species
persist in viable numbers in arid urban centers, and thus
all points within our populated or industrial areas layer
were scored as zero for this attribute.
Urbanization is one of the most ecologically
damaging of any land-use types and has profound effects on biodiversity (Hansen et al., 2005; Newport et
al., 2014). Accordingly, metanalyses demonstrate that
species richness and diversity (especially vertebrates
and plants) usually decline in urban and peri-urban environments (Grimm et al., 2008; Faeth et al., 2012).
Within cities and their surrounding areas, the vast majority of native biodiversity is displaced by infrastructure and artificial, impermeable ground surfaces. The
few native species that are able to thrive within cities
are generally commensal and/or invasive (McKinney,
2006), and thus not of high conservation priority, by
definition. Some predators proliferate in cities, especially introduced species, such as cats, dogs and rats, as
well as commensal native predators (especially Arabian
Red Fox Vulpes vulpes arabica in Saudi Arabia). These
abundant predators further reduce the reproductive success and survivorship of native prey species attempting
to colonize an urban environment. Native animals in
cities may also suffer from drastically altered microclimates, radical changes in community composition,
reduced primary productivity, highly modified food
supply, and novel diseases (Chace & Wallace, 2006;
McKinney, 2006; Faeth et al., 2012).
The impact of cities on biodiversity is likely to be especially high in Saudi Arabia (and in most cities in arid
environments) where urban councils rarely plant native
desert species; instead, they tend to utilize fast-growing,

Figure 4b. Detail of the final habitat model from
southwest Saudi Arabia showing local variation in site
conservation value; black dot denotes Abha city.

Figure 5. Linear regression of the number of vertebrate
species recorded from field surveys conducted at 12 sites
across Saudi Arabia versus modelled site conservation
value score. Numbers next to points denote site number
(see Table 2).
This map demonstrates that the highest vertebrate conservation priority areas occur in the southwest
coastal plains and the ‘Asir Mountains. While this map
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Figure 6. The 13 patches of highest modelled conservation value not currently in designated protected
areas. Darker green patches represent especially high conservation value patches; black dots denote regional
capital cities.
non-native species in ornamental parks and streetscapes
(Abudjain, 2003). Furthermore, Saudi Arabian cities
typically exhibit a sprawling style of urban development
with limited interstitial natural spaces and small residential yards containing very few native plants. Such development results in a relatively high rate of local extinctions in built areas (Sushinsky et al., 2013).
There are, of course, exceptions, and a few of
Saudi Arabia’s high conservation priority species can be
found in urban areas: specifically, Fan-tailed Raven
Corvus rhipidurus, Tristram's Starling Onychognathus
tristramii and African Straw-colored Fruit Bat Eidolon
helvum (Boland & Alsuhaibany, 2020; CooperBohannon et al., 2020). However, none of these species
prefer these habitats, whereas the vast majority of high
conservation priority species actively avoid or are unable to persist in urban areas. Thus, we suggest the score
of zero for habitat value within urban areas is justified.
A city’s impact on biodiversity is not limited to
the immediate urban area; indeed, it can be felt for many
kilometers as infrastructure, people, pest species, and
pollution radiate from the city center (Grimm et al.,
2008; Mcdonald et al., 2009). These impacts have not
been quantified in Saudi Arabia (or in other arid countries). For the purposes of our analysis, we assumed that
the sum of these negative impacts decreases linearly
with increasing distance from urban perimeters (Table
1). Below we review some of the negative effects on
desert biodiversity surrounding urban areas, starting
with the most proximal and acute.
Areas immediately around cities suffer most
heavily from hunting, which is a national pastime in
Saudi Arabia. For example, a recent analysis estimated
that over 1.7 million wild birds are killed illegally in
Saudi Arabia every year (Brochet et al., 2009). This

high rate of hunting is a major source of population
decline in the Kingdom for birds, mammals, and reptiles alike (e.g., Al-Johany, 2007; Al-Shayaa et al.,
2007; Brochet et al., 2009; Barichievy et al., 2018;
Aloufi et al., 2019; AlRashidi et al., 2021; Wilms et al.,
2021). Saudi Arabian hunters regularly travel 200 km or
more in order to mount a multi-day hunting trip
(Abdullah Alsuhaibany pers. comm).
In addition, biodiversity in areas surrounding
urban centers is most prone to invasive, pest or commensal species that proliferate in cities and subsequently colonize the surrounding areas. In Saudi Arabia,
large populations of omnivorous mammals (Hamadryas
Baboons Papio hamadryas in the west and Arabian Red
Fox throughout) have adapted to living on the edges of
urban areas (Mori et al., 2007; Mohammad & Basuony,
2016) due to a combination of suboptimal waste management and meso-predator release. These large source
populations facilitate colonization of surrounding natural areas, which is likely to negatively impact prey species with decreasing intensity as one moves further
from the populated area.
Another major threat to biodiversity around
arid cities is desertification caused by a combination of
overgrazing by domestic livestock belonging to urban
dwellers, off-road driving, and excessive firewood collection, which are common activities in Saudi Arabia
(Al-Rowaily, 1999; Al-Nafie, 2007; Barichievy et al.,
2018). These practices lead to significant loss of native
vegetation cover and altered vegetation structure (with
cascading effects on native fauna), as well as soil compaction, loss of soil stabilizers, increased exotic species,
and nest and burrow destruction (Lovich & Bainbridge,
1999; Keshkamat et al., 2012; Assaeed et al., 2019).
Extreme temperatures, intense solar radiation, high
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winds, limited moisture and low soil fertility ensure
desert ecosystem recovery takes decades following such
disturbance (Bainbridge, 2012). Biodiversity around
Saudi Arabian cities also suffers from high levels of
illegal solid waste dumping (Radwan & Mangi, 2019),
smuggling and poaching (Islam et al., 2020), as well as
a greater frequency of arterial roads and utility corridors
with associated effects on biodiversity.
Less direct impacts of urban areas on biodiversity include light, noise, water and air pollution, which can
affect the physiology, behaviour and reproduction of a
range of animal taxa for 200 km or more from the edge
of urban areas (Mcdonald et al., 2009; Newport et al.,
2014). For example, dryfall of particulate compounds
from urban air pollution can be a major source of supplemental nitrogen for plants, favouring exotic plant
species over native ones (Mcdonald et al., 2009), with
demonstrated effects on biodiversity for at least 180 km
from some major urban areas in USA (Lovich & Bainbridge, 1999). Such air pollution is likely to have similar
impacts on Arabian native flora and associated fauna
where particulate dryfall is often very high (e.g., AliMohamed & Jaffar, 2000; Ali-Mohamed & Ali, 2001).
While the negative effects of urban areas certainly decrease with increasing distance from the urban periphery (Mcdonald et al., 2009; Benítez-López et al.,
2010), not enough research has been conducted to determine if this relationship is linear or otherwise. For simplicity, we assumed urban impacts decrease linearly
with increasing distance from the urban area (depending
on the size of the population: Table 1).
The infrastructure supporting human population
centers also significantly impacts vertebrate distribution
and abundance. Highways and other roads not only
cause habitat loss, they also result in direct mortality and
injury of wildlife through wildlife-vehicle collisions,
which affects large numbers of animals per annum
(Forman & Alexander, 1998; Dean et al., 2019). In Saudi Arabia, the animal road mortality rate has not been
quantified, but is likely to be relatively high because
both dispersal and home range size of arid-adapted animals tend to be larger in comparison to that of similar
species in higher rainfall environments (Harestad &
Bunnel, 1979; Dickman et al., 1999; Badgery et al.,
2021), meaning that desert species are more likely to
interact with roads (Fahrig & Rytwinski, 2009). For
example, recent surveys in pre-Saharan Tunisia revealed
that roughly one vertebrate is killed per kilometer of
road, every day (Dhiab & Selmi, 2021).
The negative impacts of roads extend beyond
the limits of the road itself. Roads facilitate human access to surrounding areas for hunting, firewood collection, off-road driving, camping, littering, and illegal
dumping, which are all very common in Saudi Arabia
(Barth, 1999; Al-Nafie, 2007; Brochet et al., 2009; AlMutairi et al., 2015; Al-Mosa et al., 2017; Radwan &
Mangi, 2019). Vehicle disturbance around road verges
in arid areas causes soil compaction, facilitates invasion
by non-native plants, and crushes vegetation, groundnesting birds, and burrowing animals (Milton & Dean,
2010; Assaeed et al., 2019). Roads are often associated
with transmission lines, which have large impacts on
soaring bird mortality in areas of high bird abundance in
Saudi Arabia (Shobrak, 2012; Shobrak et al., 2021). The
habitat surrounding roads can also be influenced by air,
land and water pollution from salt, sediment, chemical
run-off, exhaust, and dust. Such road-related pollution

makes surrounding areas unsuitable for certain flora and
fauna (Bennett, 2017).
Roads also serve as corridors for many alien
and invasive species (Gelbard & Belnap, 2003; Coffin,
2007; Von der Lippe & Kowarik, 2007), wildlife diseases (McCormack & Allen, 2007) and predators
(Wysong et al., 2020; Quintana et al., 2021), which can
further supress surrounding biodiversity (Frey &
Conover, 2006; DeGregorio et al., 2014). In Saudi Arabia, the high density of ravens, Black Kites Milvus migrans, Arabian Red Foxes and Hamadryas Baboons
near roadsides is obvious and is likely to reduce the
abundance of small prey species in adjacent habitat
(Mori et al., 2007; Mohammad & Basuony, 2016; Boland & Alsuhaibany, 2020). Likewise, most invasive
plant species in Saudi Arabia occur adjacent to roadsides (Thomas et al., 2016), outcompeting native plants
and reducing habitat value.
Roads also result in noise and light pollution,
which impacts biodiversity for a kilometer or more
from the road itself in temperate and woodland habitats
(Forman & Alexander, 1998), and likely further in arid
environments where there is little vegetation to help
mitigate these effects (Dean et al., 2019). Noise pollution from vehicles using roads can significantly impact
species that use vocalizations in mate attraction, territory defence, group cohesion, and alarm calling (Hanna et
al., 2011; Tennessen et al., 2014). Traffic noise impedes species that rely on sound to navigate, forage and
avoid predators, such as bats, owls and amphibians
(Berthinussen & Altringham, 2012; Lukanov et al.,
2014; Luo et al., 2015; Senzaki et al., 2016). Among
birds, traffic noise can reduce reproductive success
(Halfwerk et al., 2011), which is a particular concern in
arid ecosystems where lifetime reproductive success
tends to be lower than in comparable temperate species
(Tieleman et al., 2004). Traffic noise can induce a
chronic stress response in amphibians, birds, freshwater
fish, mammals and reptiles (Blickley et al., 2012; Shier
et al., 2012; Tennessen et al., 2014; Lunde et al., 2016;
Mickle & Higgs, 2018). For example, a recent study of
Egyptian Spiny-tailed Lizards Uromastyx aegyptia in
pre-Saharan Tunisia revealed that corticosterone levels
increased with proximity to roads (Kechnebbou et al.,
2019). Persistent traffic noise can also reduce telomere
length in birds, diminishing longevity (Meillère et al.,
2011). Many species simply abandon areas of high traffic noise (Slabbekoorn & Ripmeester, 2008; McClure et
al., 2013; Bennett, 2017), as demonstrated in Goitered
Gazelles Gazella subgutturosa in Iran (Ghadirian et al.,
2019).
In addition, roads can impede animal movement and dispersal, both physically and behaviorally,
thereby increasing habitat fragmentation. For example,
Cream-coloured Courser Cursorius cursor avoid coming within 135 m of paved roads in semi-arid Canary
Islands (Palomino et al., 2008). Reptiles in arid and
semi-arid environments suffer population fragmentation
and home range reduction due to roads (Jones et al.,
2011; Peaden et al., 2011). Molecular studies across
multiple taxa confirm a significant and rapid loss of
genetic diversity in small populations isolated by roads
(Holderegger & Di Giulio, 2010; Dean et al., 2019),
including in arid ecosystems (Epps et al., 2005).
These combined effects can affect vertebrate
distribution and abundance for up to 3,000 m either side
of a road, with most impacts occurring closer to the
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road. Busier roads have wider-reaching impacts on biodiversity than narrower roads with lower traffic volume
(see reviews in Reijnen et al., 1995; Forman et al.,
2003; Riitters & Wickham, 2003; Benítez-López et al.,
2010; Silva et al., 2012; Bennett, 2017). Therefore, our
model assumes highways and secondary roads have
impacts on arid vertebrates that attenuate linearly for
3,000 m and 1,000 m, respectively.
Our model also considered the impacts of railway
lines on biodiversity. Like roads, railways can cause
habitat loss and fragmentation, noise and air pollution,
wildlife collision, soil compaction (from maintenance
vehicles), and creation of dispersal corridors for invasive species, pathogens and predators (Borda-de-Água et
al., 2017; Popp & Boyle, 2017). In Saudi Arabia freight
and passenger trains occur at a low frequency. Therefore, we scored their impact on habitat value as per secondary roads (Table 1).
The construction of pipelines can also have negative impacts on biodiversity due to habitat loss, plant
mortality and altered plant and animal community structure and composition (Richardson et al., 2017), particularly in arid environments where ecological recovery is
slow. During construction, native vegetation and topsoil
are removed, facilitating the introduction and spread of
non-native and invasive plant species (Naeth et al.,
2020). Pipelines can also present a linear, physical barrier that impedes or alters animal movements and fragments arid habitat (Fiori & Zalba, 2003). Most pipelines
are associated with an adjacent vehicular track for regular maintenance, which widens the area of impact, and
increases accessibility to remote areas thereby facilitating hunting, habitat loss and degradation (Finer et al.,
2008; Butt et al., 2013).
The zone of impact of pipelines on biodiversity
seems to vary between different locations. Impacts on
surrounding vegetation were limited to a few meters of
the pipeline corridor in arid North America (Jones et al.,
2014), and within 25 m of the corridor in semi-arid Uzbekistan (Naeth et al., 2020). But in China, the effects of
pipelines on vegetation were detectable up to 300 m
away (Shi et al., 2014). Given the large number of vehicle tracks that accompany pipelines in Saudi Arabia, our
model assumes that pipelines impact biodiversity with
decreasing effect for up to 100 m from the pipeline itself.
Power lines cause much the same impacts on
biodiversity as pipelines, though the power lines themselves can result in additional direct mortality of birds
and bats through collision and electrocution (Richardson
et al., 2017). Such mortality is a significant conservation
concern for many threatened species (Jenkins et al.,
2010), including in arid environments (e.g., Uddin et al.,
2021). A 28-year study revealed that electrocutions and
collisions with overhead power lines have contributed to
population declines of Egyptian Vultures Neophron
percnopterus in East Africa (Angelov et al., 2013),
while a more recent study demonstrated that the rate of
mortality was equally high in Saudi Arabia (Oppel et al.,
2020). The few other studies conducted in Saudi Arabia
to quantify the rates of mortality and injury from power
lines also suggest that power lines pose a conservation
concern (Shobrak, 2012). In one study, 236 White
Storks Ciconia ciconia were found dead below a single
power line (Shobrak et al., 2009); in another, 532 birds
from at least 22 species were recorded below a 6-km
power line (Shobrak, 2021). The actual rate of mortality

is likely to be much higher because of inherent sampling limitations (Schutgens et al., 2014). Consequently, some mammals and birds avoid coming within close
proximity of power lines. For example, Great Bustard
Otis tarda in semi-arid Spain have altered their migration patterns to avoid power lines (Palacín et al., 2017).
While power lines may provide some bird species with additional nesting sites (D’Amico et al.,
2018), these birds often have reduced breeding success
due to increased exposure to weather, electromagnetic
pollution, and electromagnetic fields (Janiszewski et al.,
2015; D’Amico et al., 2018). Furthermore, such adaptable species tend not to be of high conservation priority.
In Saudi Arabia, power lines may have facilitated range
expansions of ravens and introduced House Crows by
providing nesting substrate in treeless landscapes (as
documented in Pied Crows Corvus albus in arid South
Africa: Cunningham et al., 2016). Since these birds are
efficient generalist predators, an increase in distribution
and abundance of these species is likely to have negative impacts on surrounding biodiversity.
A meta-analysis covering 234 bird and mammal species found that the impacts of powerlines and
other infrastructure can be detected for up to a kilometer on bird populations and for up to five kilometers in
mammals, with variation according to taxa and habitat
type. Such avoidance behavior tends to be particularly
strong in open habitats, such as arid environments, due
to enhanced visibility (Benítez-López et al., 2010). In
our model, we assumed that powerlines reduce biodiversity for up to 1 km with diminishing effect with distance. If our assumptions regarding the impacts of populated areas and infrastructure on biodiversity are
roughly correct, then such infrastructure impacts biodiversity across at least 66% of Saudi Arabia’s mainland
(Table 3).
The impacts of land use naturalness on arid biodiversity
The second attribute we modelled was vegetation density and naturalness. One of the biggest predictors of biodiversity presence/absence is proximity to natural vegetation (Rüdisser et al., 2012), particularly in arid environments where vegetation provides scarce food, shelter
and nest sites in an otherwise barren landscape. Our
model classified vegetation within the Kingdom into
three broad categories: (i) high intensity agriculture, (ii)
low intensity agriculture / mixed woodlands, and (iii)
rangelands, each with very different impacts on biodiversity.
Our model assumes that modernized, high intensity agriculture has a strong net negative impact on
biodiversity. Most farming in Saudi Arabia now employs a high intensity approach, consisting of pivotirrigated monocultures (typically wheat, barley, sorghum, millet or alfalfa), with regular applications of
agrichemicals, including insecticides, molluscicides,
rodenticides, fumigants, plant growth regulators and
other chemicals (World Bank, 2012; Alzaidi et al.,
2013). This type of high intensity agriculture is often
regarded as the biggest driver of biodiversity loss globally (e.g., Tscharntke et al., 2005). The loss of ecological heterogeneity at multiple spatial and temporal
scales, repeated tillage, and the application of
agrichemicals significantly reduces invertebrate and
vertebrate diversity (Hails, 2002; Benton et al., 2003;
Green et al., 2005; Vandermeer et al., 2005), including
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in arid and semi-arid areas. For example, very large
losses of biodiversity were recorded in high input cotton
monocultures in semi-arid African savannah (Baudron
et al., 2009).
In arid environments, agricultural irrigation
creates more mesic habitats with significantly elevated
plant and insect abundance. Consequently, high intensity farms usually support relatively large numbers of
individuals from a narrow range of generalist species
that are more resilient to environmental perturbation and
able to utilize these abundant novel resources. Conversely, specialists have narrower niche requirements
and are thus disproportionately affected by the reduced
niche availability on high intensity farms (Siriwardena
et al., 1998). The few studies from Arabia tend to support this effect. For example, a survey of rodents in the
Jordan Rift valley found the generalist Dwarf Gerbil
Gerbillus nanus was abundant on and around farms
whereas the specialist Lesser Egyptian Gerbil G. gerbillus was absent (Talbi, 2009). The Desert Hedgehog
Paraechinus aethiopicus, a generalist omnivore
(Mohamed, 2021), was more abundant (and heavier) on
farms in Qatar due to the abundance of resources compared to natural desert areas (Abu Baker et al., 2017).
Likewise, a radio-tracking study from central Saudi Arabia found very high densities of the highly omnivorous
Arabian Red Fox around farms (Macdonald et al.,
1999).
High intensity farms appear to have a strong
net negative impact on the conservation status of birds
in Saudi Arabia. While at least 101 of Saudi Arabia’s
401 regularly occurring bird species can be found foraging in high intensity farms, often in high numbers
(Boland & Alsuhaibany, 2020), the great majority of
these species (n=91) are of low conservation priority
(Boland & Burwell, 2020). Many adaptable species have
colonized Saudi Arabia as a result of the intensification
of agriculture since the 1970s (Jennings, 2010; Boland
& Alsuhaibany, 2020). Conversely, most high conservation priority species are unable to utilize high intensity
farmland. Of Saudi Arabia’s 102 high conservation priority bird species, 55 have ranges that overlap with high
intensity farmland (the rest are restricted to the coasts,
wetlands or alpine areas). Only ten of these 55 species
forage regularly on high intensity farms, while the other
45 species have suffered significant habitat loss due to
the conversion of their natural habitat into high input
agriculture (Boland & Alsuhaibany, 2020). Thus, while
some high conservation priority species utilize high intensity farms (for example, the best place to see the critically endangered Sociable Lapwing Vanellus gregarius
in Saudi Arabia is in farmlands around Tabuk and Haradh), on balance, high intensity farming has a significant net negative impact on vertebrate conservation status in Saudi Arabia.
The biodiversity impacts of high intensity agriculture are felt several kilometers beyond the perimeter
of the farm itself. One study in southwest Jordan
demonstrated that irrigated farms have an impact on bird
assemblages up to 2.6 km from the farm edge, even
though the surrounding habitat was structurally intact.
Characteristic ground-dwelling species of open sand
dune habitats were absent within 1 km of farms, and
then began to increase with increasing distance from
farms for an additional 1.6 km. Again, species that were

more abundant on farms were primarily widespread,
opportunistic species and therefore of low conservation
priority (Khoury & Al-Shamlih, 2006).
Poisoning and persecution of vertebrate predators and scavengers in and around agricultural areas
further alters community structure and diminishes biodiversity values for many kilometers from the farm itself. This is a significant problem in Saudi Arabia: in a
recent survey, half of the farmers interviewed admitted
to setting poison traps while all of them admitted to
shooting predators (Oppel et al., 2020). Most poisoned
animals in Saudi Arabia remain unburied, resulting in
secondary poisoning of vultures and other scavengers
(Oppel et al., 2020; Shobrak et al., 2020).
An even broader impact of pivot-irrigated agriculture in arid regions is the gradual lowering of the
surrounding water table due to groundwater pumping,
which leads to progressive xerification of vegetation at
a landscape scale (Dilts et al., 2012). In Saudi Arabia,
excessive groundwater pumping for irrigation (which is
responsible for 88% of freshwater removal in the Kingdom: World Bank, 2012) has caused a dramatic reduction in surface and sub-surface water, which has sunk
over 95 m in agricultural regions, significantly increasing soil salinity (Al-Saleh, 1992; Grindle et al., 2015;
Al-Ghumaiz, 2016; Alharbi & Helmy, 2017). This in
turn results in the loss of rawdah (temporary meadows)
that would appear after rainfall and support a relative
abundance of native biodiversity, including nomadic
desert species such as Arabian Lark Eremalauda eremodites (which appears to have declined precipitously
in recent years: Boland & Alsuhaibany, 2020), and
landscape level mortality of acacia trees, which are keystone species throughout much of Saudi Arabia. For
these reasons, our model assumes the biodiversity impact of high intensity farming areas diminishes linearly
with increasing distance for 5 km from the edge of each
farm.
The second vegetation class we identified was
woodlands mixed with traditional, low intensity farming. Our model assumes this mosaic habitat has a net
positive impact on biodiversity. This land use type occurs in the ‘Asir mountains (southwestern Saudi Arabia) where precipitation is the highest in the Kingdom
and large-scale pivot irrigation is unsuitable due to the
complex terrain. Farmers grow a mixture of crops, typically alongside fallow fields, mixed hedgerows, and
patches of native juniper and acacia woodlands.
This habitat type contains the richest, most diverse, and most heterogenous vegetation in the Kingdom. According to the ‘habitat heterogeneity hypothesis’, such habitat contains relatively more niches and
should support a greater density and diversity of fauna
than open scrub habitat or barren desert (Rosenzweig,
1995; Tews et al., 2004). The positive relationship between vegetation density and vertebrate abundance has
been well demonstrated in Saudi Arabia and neighbouring arid countries for birds (Newton & Newton, 1997;
Van Heezik & Seddon, 1999; Khoury et al., 2007),
mammals (Al-Hazmi & Ghandour, 1992; Hackett et al.,
2013), reptiles (Disi, 2011), and amphibians (Akram et
al., 2015; Al-Qahtani & Al-Johany, 2018). The presence of vegetation is also an important predictor of
presence for freshwater fish in arid environments
(Filipe et al., 2002).
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There are no data on the biodiversity impacts of traditional mixed farming in Arabia. However, studies from
other traditional agricultural areas indicate that such
farming practices typically have net positive impacts on
biodiversity if patches of native vegetation are retained
(Fischer et al., 2012; Queiroz et al., 2014). Indeed, the
conservation value of traditional farming landscapes is
often exceptional, with many species able to persist because their habitat remains well connected, land use
intensity is low, and their remaining habitat has been
lost (Fischer et al., 2012).
Studies from other arid areas support our assumption that low intensity farming in the remaining
natural habitat in the ‘Asir is likely to benefit biodiversity. In the South Sinai Peninsula, traditional agriculture
maintains wild plant diversity (Norfolk et al., 2013) and
enhances bird density and species richness, compared to
surrounding unmanaged habitat (Norfolk et al., 2015).
In Tunisia, traditional low intensity agriculture of mixed
production contains more birds and greater diversity
compared to dense date palm plantations (Selmi & Boulinier, 2003). The same effect is reported from farms in
semi-desert regions of Kazakhstan (Kamp et al., 2016).
However, there are certainly some negative impacts of
‘Asir farming practices. For example, persecution and
poisoning of predators and scavengers are significant
issues in the ‘Asir (Cunningham et al., 2009; Oppel et
al., 2020), perhaps even more than anywhere else in the
Kingdom because of the relatively large number of
predators and scavengers that occur in the southwest.
Pesticide use is commonplace in these areas (Asiri et al.,
2020; Ramadan et al., 2020) and usually associates with
reduced biodiversity (Hole et al., 2005; Rahman, 2011;
Jeliazkov et al., 2016), though it is likely to be less prevalent than on high intensity farms. Finally, lowering of
water tables due to groundwater extraction is also likely
to be an issue, though again not nearly as severe as in
high intensity agricultural areas.
Furthermore, the ongoing clearing of woodlands in the ‘Asir to create more farmland poses a serious threat to many high conservation priority vertebrates
(Boland & Burwell, 2020, 2021). Juniper and acacia
woodlands once covered the upper slopes of the ‘Asir
Mountains, but now no large uninterrupted tracts of
woodlands occur in the highlands (Pellikka & Alshaikh,
2016) due to extensive clearing and dieback (Miyazaki
et al., 2007). Thus, any existing woodland patches in the
southwest is now critical, irreplaceable habitat. Given
the importance of remaining alpine woodland habitat,
and in light of data from other low intensity farming
practices in arid regions, we assigned this habitat type
the maximum score for this variable.
The third vegetation class we identified was
rangelands where both nomadic and sedentary farmers
graze domestic camels, sheep, and goats on native vegetation. This land use type occurs across 75-80% of Saudi
Arabia (Al-Rowaily et al., 2015; Table 3). For the reasons outlined below, our model assumes that the biodiversity value of rangelands has been negatively impacted by livestock grazing, though not as severely as in
high intensity farmlands.
Virtually all of Saudi Arabia’s rangelands is
declining in condition, productivity and naturalness due
to pervasive overgrazing, abolition of the traditional
hema system (communal stewardship of common land),
excessive firewood collection, off-road driving, illegal
dumping, destructive camping, meso-predator release,

and clearing of wadis for gravel extraction (Al-Rowaily,
1999; Al-Nafie, 2007; Bakhashwain, 2010; Daur,
2012). Stocking rates have increased by orders of magnitude in recent decades (Al-Rowaily et al., 2015).
Thus, what were once vast areas of natural steppe-like
vegetation are now heavily desertified with altered soil
structure and nutrient cycling, compacted soil, erosion,
and much depleted plant density and diversity (Mirreh
& alDiran, 1995; Barth, 1999; Al-Rowaily et al., 2009,
2012, 2015). Some degraded areas are thought to be
beyond recovery (Ghazanfar & Osborne, 2010).
Studies from arid and semi-arid regions around
the globe demonstrate that livestock grazing leads to
significant habitat degradation by modifying fine-scale
habitat features and food resources, increasing bare
ground (Eldridge et al., 2017), reducing the seed bank
for granivorous species (Pol et al., 2014), promoting
woody plant cover, and altering microclimate, vegetation composition and structure (Yates, et al., 2000).
Livestock grazing in arid regions markedly diminishes
ecosystem services associated with habitat provision,
biodiversity, and soil and water functions (Eldridge &
Delgado‐Baquerizo, 2017), reduces ecosystem resilience (Jones, 2000), and impedes the response of wildlife to drought and other disturbances (Howland et al.,
2014).
Rangeland degradation thus has significant impacts on vertebrate conservation. Numerous studies
have shown that livestock grazing in arid ecosystems
results in a considerable reduction in species abundance, richness and diversity in mammals (Eccard et
al., 2000; Hoffmann & Zeller, 2005; Read & Cunningham, 2010), reptiles (Castellano & Valone, 2006; Howland et a, 2014; Val et al., 2019), and birds (Gonnet,
2001; James, 2003; Cardoni et al., 2015; Zarco et al.,
2019; Faria & Morales, 2020; Tadey, 2021). In some
places, the impacts of grazing on vertebrate fauna can
be severe. For example, bird abundance in the Sahel has
decreased by 80% since the 1960s due to increased
grazing intensity (Zwarts et al., 2018). In Australian
rangelands, grazing and agriculture are the presumed
cause of extinction for at least 78 plant species and a
major threat to 105 others (James et al., 1999).
While livestock grazing in arid ecosystems may
actually benefit some abundant generalist species
adapted to open habitats, it negatively impacts specialists with narrow ranges (James, 2003; Tabeni & Ojeda,
2003; Macchi & Grau, 2012; Schieltz & Rubenstein,
2016; Marone et al., 2017). For example, studies from
semi-arid North America show that livestock grazing
causes the loss of entire sets of grassland birds and the
disappearance of the most sensitive species, which are
replaced by widespread generalists (Zalba & Cozzani,
2004).
Although livestock grazing in Arabia has obvious impacts on vegetation cover (Abuzinada, 2003) –
which are visible when comparing fenced and unfenced
areas, both in the field and on satellite imagery – these
impacts have rarely been quantified. Exclusion experiments in western Saudi Arabia demonstrate that livestock grazing significantly decreases vegetation cover,
density and species richness, and increases the abundance of weeds and unpalatable species (Al-Rowaily et
al., 2015). In Emam Saud Bin Abdulaziz Protected Area (formerly Mahazat as-Sayd), livestock were excluded by fencing in 1989, which saw plant diversity increase 2.5-fold within the first four years of livestock
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exclusion (Newton & Newton, 1997) and “has allowed a
spectacular recovery of native vegetation” (Al-Sodany
et al., 2011). A brief study from a wadi in the UAE
showed that fenced areas contained 74 plant species,
whereas unfenced areas grazed by goats contained only
two (Shahid, 2017).
The impacts of rangeland degradation on vertebrate conservation have not been quantified in Arabia.
Anecdotal reports indicate that faunal abundance and
diversity is much higher in fenced areas free from domestic livestock (Abuzinada, 2003). The fenced Emam
Saud Bin Abdulaziz Protected Area contains a far greater diversity and density of birds, reptiles, and mammals
than the surrounding desertified landscape (Al-Sodany
et al., 2011). When sheep and goats (but not camels)
were removed from Harrat al-Harrah and Al-Khunfah
protected areas, the resident populations of Arabian
Sand Gazelles Gazella marica noticeably increased
within a few years. Likewise, the removal of camels
from core areas of the Ibex Reserve resulted in a considerable increase in Nubian Ibex Capra nubiana
(Abuzinada, 2003). Unfortunately, most or all of those
animals were subsequently killed by hunters (Barichievy
& Sandouka, 2015; Barichievy et al., 2018). Bird diversity and abundance increased in Harrat al-Harrah after
most livestock were removed (van Heezik & Seddon,
1999). In Saudi Arabia, bird species primarily associated
with rangelands tend to be decreasing regionally
(Boland & Alsuhaibany, 2020). In Kuwait, preliminary
surveys revealed that livestock exclusion areas contained twice as many native vertebrate species as surrounding grazed habitat (Al-Khalifa et al., 2012). For
these reasons, our model assumes that rangelands contain significantly reduced biodiversity value and were
scored accordingly.

Certainly, some species may avoid wadis. For example,
studies from Saudi Arabia show that Egyptian Spinytailed Lizards avoid burrowing in wadis (because the
substrate cannot support burrows), but nonetheless
build their burrows near wadis, presumably to benefit
from the extra shade and forage available (Wilms et al.,
2009; AlRashidi et al., 2021). Even the Arabian Oryx
Oryx leucoryx, almost legendary for its ability to endure
hyper-arid conditions, is more likely to be found in
Acacia-rich wadis than in barren dune habitat (Tear et
al., 1997; Landau et al., 2021).
Our model assumes that larger wadis have a
wider zone of influence than smaller wadis. Larger
wadis receive a larger catchment, and therefore tend to
be more wooded and support a greater density of vegetation compared to smaller wadis and tributaries. Thus,
larger wadis are likely to support a larger number and
diversity of vertebrates, which are likely to travel from
further distances to utilize the wadi’s resources. Furthermore, because vegetation density and habitat heterogeneity gradually decrease with increasing distance
from wadis (Mandaville, 1990; Miller et al., 1996; Heneidy & Bidak, 2001), we assigned decreasing biodiversity value with increasing distance from wadis.
Another significant predictor of vertebrate
presence/absence is surface water. The vast majority of
Saudi Arabia’s landmass contains very little or no surface water. There are no natural rivers or lakes, and
only a few small springs, primarily in the southwest
(Cox et al., 2012; Garcia et al., 2015). Thus, artificial
wetlands represent the most reliable source of surface
water in the Kingdom. In Saudi Arabia, the number of
artificial wetlands has steadily increased since the first
treated wastewater systems were established in the
1960s. Large artificial wetlands now exist near every
city and large town (Al-Obaid et al., 2017).
Wetlands are hotspots of biodiversity in Saudi
Arabia because primary productivity is orders of magnitude higher than in surrounding habitat. At least 220
(55%) of Saudi Arabia’s 401 regularly occurring bird
species have been recorded from a 1-km2 artificial wetland in Dhahran (Boland et al., 2017). At least 287 bird
species have been recorded at the 10-km2 Malaki dam
on the edge of the ‘Asir foothills, which includes one of
the most diverse assemblage of breeding birds in Arabia
(Jennings, 2010). Likewise, 89 (41%) of Saudi Arabia’s
219 breeding bird species have been recorded nesting
within the 60-km-long wastewater stream that runs
through Riyadh (Jennings, 2010; Boland & Alsuhaibany, 2020). High levels of biodiversity have been recorded in other wetlands in the region. For example, a constructed wetland at Nimr in Oman recorded over 117
species of bird within the first three years of operation
(Al-Rawahi et al., 2014), and a wetland at Al Wathba in
UAE contains over 21% of Abu Dhabi emirate’s terrestrial animal and plant species, including 10 mammals,
16 reptiles, and 262 bird species (Soorae et al., 2020).
In arid environments, wetlands enhance the biodiversity
value of surrounding habitats for several kilometers
from the wetland itself. For example, avian species richness and abundance have been demonstrated to increase
with increasing proximity to surface water in arid and
semi-arid regions of Africa, North America and Australia (Fisher et al., 1972; Bock, 2015; Abdu et al.,
2018). In Australian deserts, bird abundance is elevated
for at least 5 km, even from small waterholes (James et
al., 1999). Likewise, in the Kalahari, wetlands influence

The impacts of hydrology on arid biodiversity
The third landscape attribute we modelled was surface
drainage. In Saudi Arabia, the main hydrological features are drainage channels (wadis), which are usually
dry but can support ephemeral streams and pools after
sporadic rainfall, and may occasionally flood (Bajabaa
et al., 2014). As a result, wadis invariably contain a
much greater density and diversity of plants compared
to surrounding habitats (Schulz & Whitney, 1986; Mandaville, 1990; Miller et al., 1996; Ali et al., 2000; Brinkmann et al., 2009; Moosavi et al., 2019). For example,
while only 37 plant species occur throughout the wadifree 640,000-km2 Rub’ al-Khali desert (Mandaville,
1986), at least 126 plant species occur in Wadi alNoman in Makkah province (Khalik et al., 2013), 196
species in Wadi ‘Ar’ar in the Northern Borders (Osman
et al., 2014), and 266 species in Wadi Turbah Zahran in
the ‘Asir Mountains (Al-Robai et al., 2017). Even in the
most biodiverse areas of southwestern Saudi Arabia,
plant diversity is significantly greater in wadis than in
surrounding habitat (Heneidy & Bidak, 2001).
Plant diversity is a primary determinant of animal diversity (Rosenzweig, 1995; Siemann et al., 1998;
Schuldt et al., 2019). Accordingly, the considerably
more diverse and far more dense plant communities in
Arabian wadis have been demonstrated to support comparatively rich populations of invertebrates, reptiles,
birds, amphibians and mammals (van Heezik & Seddon,
1999; Jennings, 2010; Tourenq et al., 2011; Al-Qahtani
et al., 2018; Milto et al., 2019), while freshwater fish in
Saudi Arabia occur almost exclusively in wadis
(Hamidan & Shobrak, 2019).
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bird community composition for several kilometers
(Abdu et al., 2018). In North Africa, sandgrouse nesting
density is higher within 8 km of a wetland, and some
will fly 70 km each way to drink from a waterhole
(Yosef & Zduniak, 2011; Winkler et al., 2020). Similar
results have been recorded in mammals: in semi-arid
Australia, large mammals may travel up to 20 km to
attend a waterhole (James et al., 1999); and in dry season Kenyan savannahs, water-dependent mammals are
ten times more abundant within 10 km of a waterhole
(Western, 1975).
The area surrounding a wetland is also important
as it can provide a buffer for biodiversity using the wetland itself. Wetland birds, for example, are notoriously
vulnerable to disturbance, and wetland occupancy rates
can be affected by disturbance events at least 500 m
away (Glisson et al., 2017), and in some instances can
be directly impacted by noise and/or construction occurring 1,800 m away or more (Van der Zande et al., 1980).
Indeed, bird occupancy at wetlands can be affected by
events at the catchment level (Stevens & Conway,
2020). Given the density and diversity of terrestrial vertebrates utilizing wetlands in arid environments, their
ability to attract and support wildlife from many kilometers away, and the importance of habitat surrounding
wetlands, we ascribed maximum site value to wetlands,
with the zone of influence extending for 10 km around
the wetland perimeter.

Capra nubiana, while also protecting gazelles, Arabian
Grey Wolf Canis lupus arabs and numerous other high
conservation priority species (Abuzinada, 2003; Wronski & Macasero, 2008; Wronski et al., 2012). Other
protected areas were established to serve as reintroduction sites for otherwise regionally extinct species. For
example, Emam Saud Bin Abdulaziz Protected Area is
a reintroduction site for Arabian Oryx and Common
Ostrich Struthio camelus, both of which went extinct in
the wild in Arabia during the 20th century (Islam et al.,
2008, 2011); likewise Arabian Gazelle Gazella arabica
and Arabian Sand Gazelle Gazella marica have been
reintroduced into two and three protected areas, respectively. All native ungulates and large carnivores are
now completely dependent on conservation management within the protected area network (Barichievy et
al., 2018).
The biodiversity benefits of protected areas extend
beyond the site boundary. For example, protected areas
are important source populations for recolonization of
surrounding degraded landscapes by animal and plant
species, stepping stones between otherwise separated
habitats, temporal retreats or nesting areas for dispersing species, and staging posts for migratory species.
The benefit of each protected area is likely to diminish
with increasing distance from the site boundary. Therefore, our model assumes protected areas enhance the
biodiversity value of surrounding habitat with decreasing influence up to 10 km from the protected area
boundary (Table 1).
Our model also incorporated proposed protected
areas. The Saudi government proposed these sites as
potential protected areas on the basis of their intrinsically high biodiversity values. However, since the sites are
not formally or actively protected, our model assumes
they suffer from additional threats not experienced at
designated protected areas, such as excessive hunting,
off-road driving, grazing, illegal dumping, firewood
collection, that diminish their biodiversity value. Consequently, the model assumes the biodiversity value of
proposed protected areas is significantly lower than
designated protected areas (Table 1).
The model also included other areas of known
high biodiversity value, including designated Important
Plant Areas and Important Bird and Biodiversity Areas.
Saudi Arabia currently has four Important Plant Areas
designated under the auspices of Plantlife International.
Important Plant Areas are regarded as the most important places in the world for wild plant and fungal
diversity (Plantlife International, 2021). One of the
sites, the Farasan Archipelago, is not included in this
study as it is offshore (Hall et al., 2010). Another, Uruq
Bani Ma’arid, is a designated Protected Area (Hall et
al., 2011) and thus is assigned as full biodiversity value
in our analysis. Jabal Qaraqir (roughly 80 km south of
Tabuk) is an important site for both plant and animal
diversity, including over 160 plant species, and several
vertebrate species of high conservation priority, such as
Nubian Ibex, Arabian Grey Wolf, Striped Hyaena Hyaena hyaena, Honey Badger Mellivora capensis, Arabian Partridge Alectoris melanocephala, Griffon Vulture
Gyps fulvus, Desert Tawny Owl Strix hadorami, and
Sinai Rosefinch Carpodacus synoicus (Llewellyn et al.,
2010). Likewise, Jabal Aja’ (about 10 km west of Hayil
city) contains over 355 plant species, as well as Arabian
Grey Wolf, Nubian Ibex, Egyptian Vulture, Griffon
Vulture, and Desert Tawny Owl (Llewellyn et al.,
2011).

The impacts of protected area status on arid biodiversity
Another key factor in determining the likelihood of vertebrate presence/absence is the degree of formal protection afforded a site. Protected areas can act as citadels
against numerous threatening processes. Consequently,
threatened species, rare species, and indeed common
species, are typically more abundant and more likely to
occur within a protected area than outside one (Fabricius
et al., 2003; Devictor et al., 2007).
The differential between vertebrate species abundance inside versus outside a protected area is likely to
be especially great in arid ecosystems where poor land
management practices outside of protected areas can
cause desertification. In Saudi Arabia, there are usually
stark differences in species diversity and abundance in
protected versus unprotected areas, particularly when
the protected area is fenced and/or patrolled. For example, Emam Saud Bin Abdulaziz Protected Area contains
a far greater diversity and density of native plants, birds,
reptiles, and mammals than the surrounding desertified
landscape (Islam and Knutson, 2008; Al-Sodany et al.,
2011). While unfenced protected areas are not immune
to threats, such as chronic hunting, poaching, livestock
grazing, firewood collection, and off-road driving (Islam
et al., 2011; Barichievy et al., 2018), our model assumes
they are nonetheless likely to support far more plants
and animals than unprotected areas.
What’s more, the locations of most protected
areas were chosen specifically to cover areas of high
biodiversity value. Saudi Arabia’s Protected Area System Plan was formulated to strategically protect key
habitats containing endangered biotopes and high conservation priority species (Child & Grainger, 1990;
Abuzinada, 2003). Some protected areas were designated precisely because they contain high value, endangered species, such as Ibex Reserve and At-Tubayq Reserve, which were established to protect Nubian Ibex
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Important Bird and Biodiversity Areas are designated as
the places of greatest significance for the conservation
of the world’s birds. Saudi Arabia has 39 Important Bird
and Biodiversity Areas designated by Birdlife International (Birdlife international, 2021). Each Important
Bird and Biodiversity Area contains high conservation
priority bird species, and often supports high priority
mammals, reptiles, amphibians and freshwater fish. Unfortunately, none have been formally assessed in Saudi
Arabia since 2013 and their condition is listed as unknown. Moreover, four sites are listed as under medium
threat, four are highly threatened, and five are very highly threatened; six are receiving low levels of conservation action, 21 receive negligible conservation action,
and none receive more than medium conservation action
(Birdlife international, 2021). Given the lack of conservation action and their threatened status, we ascribed
Important Bird and Biodiversity Areas as having partially diminished biodiversity value, with the zone of influence extending for 5 km around the perimeter of each
site (Table 1).
The final protected area included in this attribute
layer were coastal set-back areas. Globally, coastal areas
support some of the most productive habitats. This is
particularly the case in hot, arid ecosystems where
coastlines often support highly productive mangrove
forests, and the adjacent marine environment often contains prolific coral reef and seagrass ecosystems (Giri et
al., 2011; McKenzie et al., 2020). Thus, there are typically stark differences in both productivity and species
abundance between the arid interior and adjacent coastal
areas (Burt, 2014). In Saudi Arabia, a government decree prohibits development from most areas within 400
m of the coastline, which has effectively created a very
high value protected area along both coasts. Animals
that utilize these coastal resources are likely to be concentrated closer to the coastline. The model assumes that
vertebrates utilizing coastal areas would be concentrated
closer to the coastal setback areas, and would decrease
linearly with increasing distance from the coast for 5
km.

Vertebrate occupancy rates are expected to be higher in
more topographically complex areas, which contain
more ecological niches, stronger environmental gradients, greater surface areas, refugia from extreme or fluctuating weather, places to hide, places to mount an ambush, shade, milder microclimate, reduced wind, reduced desiccation, greater soil moisture, enhanced germination rates, and greater productivity. Complex topography also enhances metapopulation dynamics: similar habitats in a weakly or sporadically connected
patchwork can support donor populations for recolonization, thus reducing the risk of local extirpation
(Brown & Kodric-Brown, 1977; Badgley et al., 2017;
Fey et al., 2019). These effects are likely to be especially important in arid ecosystems where topographic
complexity may provide the principal source of habitat
heterogeneity in the near absence of vegetation.
Certainly, there are exceptions to this generalization. Sandgrouse, for example, avoid undulating surfaces where they are at risk of being ambushed by predators, and prefer instead to forage on flat, open surfaces
(Ferns & Hinsley, 1995). But overall, complex habitats
support greater species diversity and density and were
scored accordingly in our model.
Limitations of the model
There are numerous limitations when developing a
model based on so few baseline data. First and foremost, there are insufficient data to determine the relative values of each attribute used in the model. Thus, we
had to make several simplistic assumptions. For instance, we scored rangelands as having half the value of
mosaic woodland / traditional farming habitat, and we
scored proposed protected areas as having one quarter
the value of designated protected areas, and so on
(Table 1). Although we support our scoring approach
with a thorough review of data from other arid systems,
the score we assigned for each landscape attribute is
little more than a pragmatic estimate. Second, we assumed that landscape attributes will have impacts on
biodiversity that attenuate linearly with increasing distance from a given attribute. Again, this is a simplistic
assumption. Doubtless, the biodiversity impacts of
roads, for example, will have a complex, non-linear
relationship with increasing distance, confounded by
taxa, the frequency and type of traffic, the specific ecological processes occurring in different habitat types,
and other variables not considered in our model. However, there are no data at present to determine the precise nature of the interaction, and so we assumed a linear relationship as a simple approximation. Third, some
of the remote data that we obtained are out of date and
incomplete. As one example, our roads data layer does
not include all roads. Many new roads have been added
since the data layer was created, and some private roads
may not be included in the map. Fourth, although the
five landscape attributes that we modelled represent the
most significant predictors of local vertebrate abundance, there are no doubt many other factors that influence the conservation value of any given site. Finally,
although we found a significant positive linear relationship between our Modelled Site Conservation Value
Score and species diversity, the sample size was very
small (12 sites) for an area as large as Saudi Arabia.
Nonetheless, we contend that our model represents a very important contribution to biodiversity

The impacts of terrain complexity on arid biodiversity
The final attribute we modelled was terrain complexity.
Our model assumes that topographically more complex
areas have greater conservation value than adjacent flatter areas. This is because greater topographic complexity typically correlates with greater taxonomic diversity,
intraspecific genetic diversity, and ecological diversity
(Garrick, 2011; Badgley et al., 2017; Morelli et al.,
2020). Globally, a disproportionate share of taxonomic
diversity occurs within topographically complex regions, such as large mountain ranges and deeply dissected plateaus (Antonelli et al., 2018; Morelli et al., 2020).
This effect is pronounced in arid ecosystems where
complex topography provides mesic refugia during episodes of climate change (Tapper et al., 2014; Byrne et
al., 2017; Šmíd et al., 2017) and serves as reservoirs of
endemic species (Di Virgilio et al., 2018). In Saudi Arabia, there is a significant positive correlation between
terrain complexity and species diversity (Boland and
Burwell, unpublished data). Accordingly, the mountainous areas in the southwest contain most of the Kingdom’s endemic and high conservation priority plant and
terrestrial vertebrate taxa (Mallon, 2011; Boland & Burwell, 2020, 2021).
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conservation planning in the Kingdom, because to the
best of our knowledge this is the first attempt to develop
a detailed conservation priority map at such a scale in
the Arabian Peninsula. The model provides useful direction to conservation agencies, industries and land owners about the relative conservation value of sites across
the Kingdom until a more robust map can be developed.
We hope that our preliminary model stimulates others to
build a more refined and more accurate model.
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Implications of the model
According to the model, there are no extensive patches
of very high-quality habitat remaining in Saudi Arabia.
Instead, patches of high-priority land are scattered
across the Kingdom, in fragments of alpine habitat in
the southwest, in wadis along the coastal plains and
northwest, in the sandstone jebels of Harrat al-Harrah in
the north, and in a few wadis within the central Arabian
shield. This makes biodiversity conservation in Saudi
Arabia especially challenging.
The patches of highest conservation value habitat
outside of designated protected areas all occur in the
southwest, primarily in the highlands with some on the
coast (Figure 6). These 13 patches range in size from 26
–359 km2. Although these patches are small, we recommend that they be surveyed and considered for formal
protection. We also recommend that some larger protected areas be established that connect multiple small
patches of high value habitat to help conserve the Kingdom’s precious and dwindling biodiversity.

CONCLUSION
We have used a novel approach to create a habitat model that can inform land owners, industries, and conservation agencies about the relative conservation value of
every point in the Kingdom. Preliminary field surveys
suggest the model is reasonably reliable, although more
field surveys should be conducted to further test and
enhance the model’s robustness. Despite the limitations,
we contend that our preliminary model is a very useful
interim tool, and call on others to develop more refined
and robust models to help conserve arid biodiversity.

ACKNOWLEDGEMENTS
We thank Saudi Aramco for supporting this research
and the numerous field biologists and project managers
from Arensco, Clean Environment Technology, Conseco, Royal Society for the Conservation of Nature Jordan, and SNC Lavalin for conducting the field surveys
mentioned in the study.

REFERENCES
Abdu, S., Lee, A. T. and Cunningham, S. J. 2018. The
presence of artificial water points structures an
arid-zone avian community over small spatial
scales. Ostrich 89(4): 339-346. https://
doi.org/10.2989/00306525.2018.1509904
Abdullah, M. M., Gholoum, M. M. and Abbas, H. A.
2018. Satellite vs. UAVs remote sensing of arid
ecosystems: a review with in an ecological perspective. Environmental Analysis and Ecology
Studies 2: 1-5. https://doi.org/10.31031/
EAES.2018.02.000540
Abu Baker, M. A., Reeve, N., Conkey, A. A., Macdonald, D. W. and Yamaguchi, N. 2017. Hedgehogs on the move: Testing the effects of land
120

AJCB Vol. 11 No. 1, pp. 106–131, 2022

Boland an Burwell

Biological Sciences 25(7): 1380-1386. https://
doi.org/10.1016/j.sjbs.2018.05.004
Al-Rawahi, M., Prigent, S., Headley, T., Breuer, R. and
Paetzelt, R. 2014. Constructing wetlands in the
desert: An example of sustainable produced
water management in Oman. Abu Dhabi International Petroleum Exhibition and Conference.
OnePetro. https://doi.org/10.2118/172158-MS
Al-Robai, S. A., Mohamed, H. A., Howladar, S. M. and
Ahmed, A. A. 2017. Vegetation structure and
species diversity of Wadi Turbah Zahran, Albaha area, southwestern Saudi Arabia. Annals of
Agricultural Sciences 62(1): 61-69. https://
doi.org/10.1016/j.aoas.2017.04.001
Al-Rowaily, S. L. 1999. Rangeland of Saudi Arabia and
the “Tragedy of Commons". Rangelands Archives 21(3): 27-29.
Al-Rowaily, S. L., Al-Bakre, D. A., Al-Qarawi, A. A.
and Alshahrani, T. S. 2009. Effect of protection
on plant diversity and soil characteristics: a
comparative study of inside and outside Rukba
Fenced Area. Saudi Journal of Biological Sciences 16(3): 15-31.
Al-Rowaily, S. L., El-Bana, M. I. and Al-Dujain, F. A.
2012. Changes in vegetation composition and
diversity in relation to morphometry, soil and
grazing on a hyper-arid watershed in the central
Saudi Arabia. Catena 97: 41-49. https://
doi.org/10.1016/j.catena.2012.05.004
Al-Rowaily, S. L., El-Bana, M. I., Al-Bakre, D. A., Assaeed, A. M., Hegazy, A. K. and Ali, M. B.
2015. Effects of open grazing and livestock
exclusion on floristic composition and diversity
in natural ecosystem of Western Saudi Arabia.
Saudi Journal of Biological Sciences 22(4): 430
-437. https://doi.org/10.1016/j.sjbs.2015.04.012
Al-Saleh, M. A. 1992. Declining groundwater level of
the Minjur aquifer, Tebrak area, Saudi Arabia.
Geographical Journal 158(2): 215-222.
Al-Shayaa, M. S., El Hag, E. and Muneer, S. E. 2007.
The role of people’s knowledge and attitudes in
conservation of wildlife in the natural reservations: A case study of the ibex reservation in
AL-Riyadh region, Saudi Arabia. Saudi Journal
of Biological Sciences 14(1): 123-135.
Al-Sodany, Y. M., Mosallam, H. A. and Bazaid, S. A.
2011. Vegetation Analysis of Mahazat Al-Sayd
Protected Area: The Second Largest Fenced
Nature Reserve in the World. World Applied
Sciences Journal 15(8): 1144–1156.
Alharbi, T. and Helmy, M. 2017. The Implication of
Agricultural Expansion on the Groundwater
Flow Regime of Saq Aquifer in Al Qassim Region, Saudi Arabia. AGU Fall Meeting Abstracts (H23G-1762).
Ali-Mohamed, A. Y. and Ali, H. A. 2001. Estimation of
atmospheric inorganic water-soluble particulate
matter in Muharraq Island, Bahrain (Arabian
Gulf), by ion chromatography. Atmospheric
Environment
35(4):
761-768.
https://
doi.org/10.1016/S1352-2310(00)00355-1
Ali-Mohamed, A. Y. and Jaffar, A. H. 2000. Estimation
of atmospheric inorganic water-soluble aerosols in the western region of Bahrain by ion
chromatography. Chemosphere-Global Change
Science 2(1): 85-94. https://doi.org/10.1016/
S1465-9972(99)00058-6

Ali, M. M., Dickinson, G. and Murphy, K. J. 2000. Predictors of plant diversity in a hyperarid desert
wadi ecosystem. Journal of Arid Environments
45(3):
215-230.
https://doi.org/10.1006/
jare.2000.0631
Aloufi, A. A., Amr, Z. S., Abu Baker, M. A. and
Hamidan, N. 2019. Diversity and conservation
of terrestrial, freshwater and marine reptiles
and amphibians in Saudi Arabia. Amphibian
and Reptile Conservation 13(2): 181-202.
AlRashidi, M., Abdelgadir, M. and Shobrak, M. 2021.
Habitat selection by the Spiny-tailed lizard
(Uromastyx aegyptia): A view from spatial
analysis. Saudi Journal of Biological Sciences
28(9): 5034-5041. https://doi.org/10.1016/
j.sjbs.2021.05.020
Alzaidi, A. A., Baig, M. B. and Elhag, E. A. 2013. An
investigation into the farmers’ attitudes towards organic farming in Riyadh Region–
Kingdom of Saudi Arabia. Bulgarian Journal
of Agricultural Science 19(3): 426-431.
Angelov, I., Hashim, I. and Oppel, S. 2013. Persistent
electrocution mortality of Egyptian Vultures
Neophron percnopterus over 28 years in East
Africa. Bird Conservation International 23(1):
1-6.https://doi.org/10.1017/S0959270912000123
Antonelli, A., Kissling, W. D., Flantua, S. G.,
Bermúdez, M. A., Mulch, A., Muellner-Riehl,
A. N., Kreft, H., Linder, H. P., Badgley, C.,
Fjeldså, J and Fritz, S. A. 2018. Geological and
climatic influences on mountain biodiversity.
Nature Geoscience 11(10): 718-725. https://
doi.org/10.1038/s41561-018-0236-z
Asiri, H. F., Idris, A. M., Said, T. O., Sahlabji, T., Alghamdi, M. M., El-Zahhar, A. A. and El Nemr,
A. 2020. Monitoring and health risk assessment of some pesticides and organic pollutants
in fruit and vegetables consumed in Asir Region, Saudi Arabia. Fresenius Environmental
Bulletin 29(1): 615-625.
Assaeed, A. M., Al-Rowaily, S. L., El-Bana, M. I.,
Abood, A. A., Dar, B. A. M. and Hegazy, A.
K. 2019. Impact of off-road vehicles on soil
and vegetation in a desert rangeland in Saudi
Arabia. Saudi Journal of Biological Sciences
26(6): 1187-1193. https://doi.org/10.1016/
j.sjbs.2018.05.001
Badgery, G. J., Lawes, J. C. and Leggett, K. E. 2021.
Short-beaked echidna (Tachyglossus aculeatus) home range at Fowlers Gap Arid Zone
Research Station, NSW. Plos one 16(4):
e0242298.
https://doi.org/10.1371/
journal.pone.0242298
Badgley, C., Smiley, T. M., Terry, R., Davis, E. B.,
DeSantis, L. R., Fox, D. L., Hopkins, S. S.,
Jezkova, T., Matocq, M. D., Matzke, N and
McGuire, J. L. 2017. Biodiversity and topographic complexity: modern and geohistorical
perspectives. Trends in Ecology and Evolution
32(3):
211-226.
https://doi.org/10.1016/
j.tree.2016.12.010
Bainbridge, D. A. 2012. A guide for desert and dryland
restoration: new hope for arid lands. Island
Press.
121

AJCB Vol. 11 No. 1, pp. 106–131, 2022

Species composition of butterflies in Panchavati garden area

Bajabaa, S., Masoud, M. and Al-Amri, N. 2014. Flash
flood hazard mapping based on quantitative
hydrology, geomorphology and GIS techniques
(case study of Wadi Al Lith, Saudi Arabia).
Arabian Journal of Geosciences 7(6): 24692481. https://doi.org/10.1007/s12517-013-0941
-2
Barichievy, C. and Sandouka, M. 2015. Ten year trends
in Ibex, Idmi and Camels from the Standard
Monitoring Patrol of the Ibex Reserve for 2005
–2015 (Annual Report). King Khalid Wildlife
Research Centre.
Barichievy, C., Sheldon, R., Wacher, T., Llewellyn, O.,
Al-Mutairy, M. and Alagaili, A. 2018. Conservation in Saudi Arabia; moving from strategy
to practice. Saudi Journal of Biological Sciences 25(2): 290-292. http://doi.org/10.1016/
j.sjbs.2017.03.009
Barth, H. J. 1999. Desertification in the eastern province
of Saudi Arabia. Journal of Arid Environments
43(4):
399-410.
https://doi.org/10.1006/
jare.1999.0564
Baudron, F., Corbeels, M., Monicat, F. and Giller, K. E.
2009. Cotton expansion and biodiversity loss in
African savannahs, opportunities and challenges for conservation agriculture: a review paper
based on two case studies. Biodiversity and
Conservation 18(10): 2625-2644. https://
doi.org/10.1007/s10531-009-9663-x
Benítez-López, A., Alkemade, R. and Verweij, P. A.
2010. The impacts of roads and other infrastructure on mammal and bird populations: a
meta-analysis. Biological Conservation 143(6):
1307-1316.
https://doi.org/10.1016/
j.biocon.2010.02.009
Bennett, V. J. 2017. Effects of road density and pattern
on the conservation of species and biodiversity.
Current Landscape Ecology Reports 2(1): 1-11.
https://doi.org/10.1007/s40823-017-0020-6
Benton, T. G., Vickery, J. A. and Wilson, J. D. 2003.
Farmland biodiversity: is habitat heterogeneity
the key? Trends in Ecology and Evolution 18
(4): 182-188. https://doi.org/10.1016/S01695347(03)00011-9
Berthinussen, A. and Altringham, J. 2012. The effect of
a major road on bat activity and diversity. Journal of Applied Ecology 49(1): 82-89.
Billeter, R., Liira, J., Bailey, D., Bugter, R., Arens, P.,
Augenstein, I., Aviron, S., Baudry, J., Bukacek,
R., Burel, F and Cerny, M. 2008. Indicators for
biodiversity in agricultural landscapes: a pan‐
European study. Journal of Applied Ecology 45
(1): 141-150. https://doi.org/10.1111/j.13652664.2007.01393.x
Birdlife International 2021. Data zone. http: //
datazone.birdlife.org/country/saudi-arabia. Cited 21 August 2021.
Blickley, J. L., Word, K. R., Krakauer, A. H., Phillips, J.
L., Sells, S. N., Taff, C. C., Wingfield, J. C and
Patricelli, G. L. 2012. Experimental chronic
noise is related to elevated fecal corticosteroid
metabolites in lekking male greater sage-grouse
(Centrocercus urophasianus). PLoS one 7(11):
p.e50462.
https://doi.org/10.1371/journal.
pone.0050462

Bock, C. E. 2015. Abundance and variety of birds associated with point sources of water in southwestern New Mexico, USA. Journal of Arid
Environments
116:
53-56.
https://
doi.org/10.1016/j.jaridenv.2015.01.021
Boland, C. R. J. and Burwell, B. 2020. Ranking and
mapping the high conservation priority bird
species of Saudi Arabia. Avian Conservation
and Ecology 15(2): 18. https://doi.org/10.5751/
ACE-01705-150218
Boland, C. R. J. and Burwell, B. 2021. Ranking and
mapping Saudi Arabia’s high conservation
priority terrestrial vertebrates. Asian Journal of
Conservation
Biology
10(2).
https://
doi.org/10.53562/ajcb.69989
Boland, C. R. J. and Alsuhaibany, A. 2020. The Birds
of Saudi Arabia. Motivate, Dubai.
Boland, C. R. J., Babbington, J., Roberts, P. and Linning, I. 2017. Field Guide to the Biodiversity
of Dhahran. Motivate, Dubai.
Borda-de-Água, L., Barrientos, R., Beja, P. and Pereira,
H. M. 2017. Railway ecology. Springer Nature.
Brinkmann, K., Patzelt, A., Dickhoefer, U., Schlecht, E.
and Buerkert, A. 2009. Vegetation patterns and
diversity along an altitudinal and a grazing
gradient in the Jabal al Akhdar mountain range
of northern Oman. Journal of Arid Environments
73(11):
1035-1045.
https://
doi.org/10.1016/j.jaridenv.2009.05.002
Brochet, A. L., Jbour, S. H., Sheldon, R. D., Porter, R.
I., Jones, V. R., Al Fazari, W. A., Al Saghier,
O. M., Alkhuzai, S. A., Al-Obeidi, L. A.,
Angwin, R. I., Ararat, K. O. 2019. A preliminary assessment of the scope and scale of illegal killing and taking of wild birds in the Arabian Peninsula, Iran and Iraq. Sandgrouse 41:
155-75.
Brown, J. H. and Kodric-Brown, A. 1977. Turnover
rates in insular biogeography: effect of immigration on extinction. Ecology 58(2): 445-449.
https://doi.org/10.2307/1935620
Burt, J. A. 2014. The environmental costs of coastal
urbanization in the Arabian Gulf. City 18(6): 760770. https://doi.org/10.1080/13604813.2014.962889

Butt, N., Beyer, H. L., Bennett, J. R., Biggs, D., Maggini, R., Mills, M., Renwick, A. R., Seabrook,
L.M and Possingham, H. P. 2013. Biodiversity
risks from fossil fuel extraction. Science 342
(6157):
425-426.
https://doi.org/10.1126/
science.1237261
Byrne, M., Millar, M. A., Coates, D. J., Macdonald, B.
M., McArthur, S. M., Zhou, M. and van Leeuwen, S. 2017. Refining expectations for environmental characteristics of refugia: Two ranges of differing elevation and topographical
complexity are mesic refugia in an arid landscape. Journal of Biogeography 44(11): 25392550. https://doi.org/10.1111/jbi.13057
Cao, Y., Yang, R. and Carver, S., 2020. Linking wilderness mapping and connectivity modelling: A
methodological framework for wildland network planning. Biological Conservation, 251:
108679.https://doi.org/10.1016/
j.biocon.2020.108679

122

AJCB Vol. 11 No. 1, pp. 106–131, 2022

Boland an Burwell

Cardoni, D. A., Isacch, J. P. and Iribarne, O. 2015. Avian responses to varying intensity of cattle production in Spartina densiflora saltmarshes of
south-eastern South America. Emu-Austral
Ornithology
115(1):
12-19.
https://
doi.org/10.1071/MU13028
Castellano, M. J. and Valone, T. J. 2006. Effects of livestock removal and perennial grass recovery on
the lizards of a desertified arid grassland. Journal of Arid Environments 66(1): 87-95. https://
doi.org/10.1016/j.jaridenv.2005.10.016
Chace, J. F. and Walsh, J. J. 2006. Urban effects on native avifauna: a review. Landscape and Urban
Planning 74(1): 46-69. https://doi.org/10.1016/
j.landurbplan.2004.08.007
Child, G. and Grainger, J. D. 1990. A system plan for
protected areas for wildlife conservation and
sustainable rural development in Saudi Arabia.
National Commission for Wildlife Conservation and Development.
Coffin, A. W. 2007. From roadkill to road ecology: a
review of the ecological effects of roads. Journal of transport Geography 15(5): 396-406.
https://doi.org/10.1016/j.jtrangeo.2006.11.006
Cooper-Bohannon, R., Mickleburgh, S., Hutson, A. M.,
Bergmans, W., Fahr, J. and Racey, P. A. 2020.
Eidolon helvum. The IUCN Red List of Threatened Species 2020. https: //dx.doi.org/10.2305/
IUCN.UK.2020-2.RLTS.T7084A22028026.en.
Cited 11 July 2021.
Corradini, A., Randles, M., Pedrotti, L., van Loon, E.,
Passoni, G., Oberosler, V., Rovero, F., Tattoni,
C., Ciolli, M. and Cagnacci, F., 2021. Effects
of cumulated outdoor activity on wildlife habitat use. Biological Conservation 253: 108818.
https://doi.org/10.1016/j.biocon.2020.108818
Cunningham, P. L., Wronski, T. and Al Ageel, K. 2009.
Predators persecuted in the Asir Region, Southwestern Saudi Arabia. Wildlife Middle East
News 4(1).
Cunningham, S. J., Madden, C. F., Barnard, P. and Amar, A. 2016. Electric crows: powerlines, climate
change and the emergence of a native invader.
Diversity and Distributions 22(1): 17-29.
https://doi.org/10.1111/ddi.12381
D’Amico, M., Catry, I., Martins, R. C., Ascensão, F.,
Barrientos, R. and Moreira, F. 2018. Bird on
the wire: landscape planning considering costs
and benefits for bird populations coexisting
with power lines. Ambio 47(6): 650-656.
https://doi.org/10.1007/s13280-018-1025-z
Daur, I. 2012. Plant flora in the rangeland of western
Saudi Arabia. Pakistan Journal of Botany 44:
23-26.
Dean, W. R. J., Seymour, C. L., Joseph, G. S. and
Foord, S. H. 2019. A review of the impacts of
roads on wildlife in semi-arid regions. Diversity 11(5): 81. https://doi.org/10.3390/d11050081
DeGregorio, B. A., Weatherhead, P. J. and Sperry, J. H.
2014. Power lines, roads, and avian nest survival: effects on predator identity and predation
intensity. Ecology and Evolution 4(9): 15891600. https://doi.org/10.1002/ece3.1049
Devictor, V., Godet, L., Julliard, R., Couvet, D. and
Jiguet, F. 2007. Can common species benefit
from protected areas? Biological Conservation
139(1):
29-36.
https://doi.org/10.1016/
j.biocon.2007.05.021

Dhiab, O. and Selmi, S. 2021. Patterns of vertebrate
road-kills in a pre-Saharan Tunisian area. Journal of Arid Environments 193: 104595. https://
doi.org/10.1016/j.jaridenv.2021.104595
Di Virgilio, G., Wardell-Johnson, G. W., Robinson, T.
P., Temple-Smith, D. and Hesford, J. 2018.
Characterising fine-scale variation in plant
species richness and endemism across topographically complex, semi-arid landscapes.
Journal of Arid Environments 156: 59-68.
https://doi.org/10.1016/j.jaridenv.2018.04.005
Dickman, C. R., Mahon, P. S., Masters, P. and Gibson,
D. F. 1999. Long-term dynamics of rodent
populations in arid Australia: the influence of
rainfall. Wildlife Research 26(4): 389-403.
https://doi.org/10.1071/WR97057
Dilts, T. E., Weisberg, P. J., Yang, J., Olson, T. J.,
Turner, P. L. and Condon, L. A. 2012. Using
historical General Land Office survey notes to
quantify the effects of irrigated agriculture on
land cover change in an arid lands watershed.
Annals of the Association of American Geographers
102(3):
531-548.
https://
doi.org/10.1080/00045608.2011.641479
Disi, A. M. 2011. Review of the lizard fauna of Jordan:
(Reptilia: Sauria). Zoology in the Middle East
54(sup3):
89-102.
https://
doi.org/10.1080/09397140.2011.10648900
Domisch, S., Amatulli, G., and Jetz, W. 2015. Nearglobal freshwater-specific environmental variables for biodiversity analyses in 1 km resolution. Scientific Data 2(1): 1-13. https://
doi.org/10.1038/sdata.2015.73
Eccard, J. A., Walther, R. B. and Milton, S. J. 2000.
How livestock grazing affects vegetation structures and small mammal distribution in the
semi-arid Karoo. Journal of Arid Environments
46(2):
103-106.
https://doi.org/10.1006/
jare.2000.0659
Eldridge, D. J. and Delgado‐Baquerizo, M. 2017. Continental‐scale impacts of livestock grazing on
ecosystem supporting and regulating services.
Land Degradation and Development 28(4):
1473-1481. https://doi.org/10.1002/ldr.2668
Eldridge, D. J., Delgado‐Baquerizo, M., Travers, S. K.,
Val, J. and Oliver, I. 2017. Do grazing intensity and herbivore type affect soil health? Insights from a semi‐arid productivity gradient.
Journal of Applied Ecology 54(3): 976-985.
https://doi.org/10.1111/1365-2664.12834
Epps, C. W., Palsbøll, P. J., Wehausen, J. D., Roderick,
G. K., Ramey, R. R. and McCullough, D. R.
2005. Highways block gene flow and cause a
rapid decline in genetic diversity of desert bighorn sheep. Ecology Letters 8(10): 1029-1038.
https://doi.org/10.1111/j.14610248.2005.00804.x
ESRI 2018. ArcGIS Desktop Release 10.6.1. Environmental Systems Research Institute, Redlands,
California.
Fabricius, C., Burger, M. and Hockey, P. A. R. 2003.
Comparing biodiversity between protected
areas and adjacent rangeland in xeric succulent
thicket, South Africa: arthropods and reptiles.
Journal of Applied Ecology 40(2): 392-403.
https://doi.org/10.1046/j.13652664.2003.00793.x
123

AJCB Vol. 11 No. 1, pp. 106–131, 2022

Species composition of butterflies in Panchavati garden area

Fabris, L., Lazzaro, G., Buddendorf, W.B., Botter, G.
and Soulsby, C., 2018. A general analytical
approach for assessing the effects of hydroclimatic variability on fish habitat. Journal of Hydrology 566: 520-530. https://doi.org/10.1016/
j.jhydrol.2018.09.023
Faeth, S. H., Saari, S. and Bang, C. 2012. Urban biodiversity: Patterns, processes and implications for
conservation.
eLS.
https://
doi.org/10.1002/9780470015902.a0023572
Fahrig, L. and Rytwinski, T. 2009. Effects of roads on
animal abundance: an empirical review and
synthesis. Ecology and Society 14(1): 1-21.
Faria, N. and Morales, M. B. 2020. Livestock species
and grazing rotational patterns modulate grassland bird assemblages in Mediterranean drylands. Agriculture, Ecosystems and Environment 295: 106893. https://doi.org/10.1016/
j.agee.2020.106893
Ferns, P. N. and Hinsley, S. A. 1995. Importance of
topography in the selection of drinking sites by
sandgrouse. Functional Ecology 9(3): 371-375.
Fey, S. B., Vasseur, D. A., Alujević, K., Kroeker, K. J.,
Logan, M. L., O'Connor, M. I., Rudolf, V. H.,
DeLong, J. P., Peacor, S., Selden, R. L. and
Sih, A. 2019. Opportunities for behavioral rescue under rapid environmental change. Global
Change Biology 25(9): 3110-3120. https://
doi.org/10.1111/gcb.14712
Filipe, A. F., Cowx, I. G. and Collares‐Pereira, M. J.
2002. Spatial modelling of freshwater fish in
semi‐arid river systems: a tool for conservation.
River Research and Applications 18(2): 123136. https://doi.org/10.1002/rra.638
Finer, M., Jenkins, C. N., Pimm, S. L., Keane, B. and
Ross, C. 2008. Oil and gas projects in the western Amazon: threats to wilderness, biodiversity,
and indigenous peoples. PloS one 3(8): e2932.
https://doi.org/10.1371/journal.pone.0002932
Fiori, S. M. and Zalba, S. M. 2003. Potential impacts of
petroleum exploration and exploitation on biodiversity in a Patagonian Nature Reserve, Argentina. Biodiversity and Conservation 12(6):
1261-1270.
https://doi.org/10.1023/
A:1023091922825
Fischer, J., Hartel, T. and Kuemmerle, T. 2012. Conservation policy in traditional farming landscapes.
Conservation Letters 5(3): 167-175. https://
doi.org/10.1111/j.1755-263X.2012.00227.x
Fisher, C. D., Lindgren, E. and Dawson, W. R. 1972.
Drinking patterns and behavior of Australian
desert birds in relation to their ecology and
abundance. Condor 74(2): 111-136.
Forman, R. T. and Alexander, L. E. 1998. Roads and
their major ecological effects. Annual Review
of Ecology and Systematics 29(1): 207-231.
Forman, R. T., Sperling, D., Bissonette, J. A., Clevenger, A. P., Cutshall, C. D., Dale, V. H., Fahrig,
L., France, R. L., Goldman, C. R., Heanue, K.
and Jones, J. 2003. Road ecology: science and
solutions. Island press.
Frey, S. N. and Conover, M. R. 2006. Habitat use by
meso‐predators in a corridor environment.
Journal of Wildlife Management 70(4): 11111118. https://doi.org/10.2193/0022-541X(2006)
70[1111:HUBMIA]2.0.CO;2

Garcia, N., Harrison, I., Cox, N. and Tognelli, M. F.
2015. The status and distribution of freshwater
biodiversity in the Arabian Peninsula. Gland,
Switzerland, Cambridge, UK and Arlington,
USA: IUCN.
Garrick, R. C. 2011. Montane refuges and topographic
complexity generate and maintain invertebrate
biodiversity: recurring themes across space and
time. Journal of Insect Conservation 15(3): 469
-478. https://doi.org/10.1007/s10841-010-9349
-4
Gelbard, J. L. and Belnap, J. 2003. Roads as conduits
for exotic plant invasions in a semiarid landscape. Conservation Biology 17(2): 420-432.
https://doi.org/10.1046/j.15231739.2003.01408.x
Ghadirian, O., Moradi, H., Madadi, H., Lotfi, A. and
Senn, J. 2019. Identifying noise disturbance by
roads on wildlife: a case study in central Iran.
SN Applied Sciences 1(8): 1-11. https://
doi.org/10.1007/s42452-019-0838-0
Ghazanfar, S. A. and Osborne, J. 2010. Conservation
through restoration: study of a degraded gravel
plain in South Eastern Arabia. Pakistan Journal
of Botany 42: 193-204.
Giri, C., Ochieng, E., Tieszen, L. L., Zhu, Z., Singh, A.,
Loveland, T., Masek, J and Duke, N. 2011.
Status and distribution of mangrove forests of
the world using earth observation satellite data.
Global Ecology and Biogeography 20(1): 154159.
https://doi.org/10.1111/j.14668238.2010.00584.x
Glisson, W. J., Conway, C. J., Nadeau, C. P. and
Borgmann, K. L. 2017. Habitat models to predict wetland bird occupancy influenced by
scale, anthropogenic disturbance, and imperfect detection. Ecosphere 8(6): e01837. https://
doi.org/10.1002/ecs2.1837
Gonnet, J. M. 2001. Influence of cattle grazing on population density and species richness of granivorous birds (Emberizidae) in the arid plain of
the Monte, Argentina. Journal of Arid Environments 48(4): 569-579. https://doi.org/10.1006/
jare.2000.0777
Green, R. E., Cornell, S. J., Scharlemann, J. P. and
Balmford, A. 2005. Farming and the fate of
wild nature. Science 307(5709): 550-555.
https://doi.org/10.1126/science.110604
Grimm, N. B., Faeth, S. H., Golubiewski, N. E., Redman, C. L., Wu, J., Bai, X. and Briggs, J. M.
2008. Global change and the ecology of cities.
Science
319(5864):
756-760.
https://
doi.org/10.1126/science.1150195
Grindle, A. K., Siddiqi, A. and Anadon, L. D. 2015.
Food security amidst water scarcity: Insights
on sustainable food production from Saudi
Arabia. Sustainable Production and Consumption
2:
67-78.
https://doi.org/10.1016/
j.spc.2015.06.002
Hackett, T. D., Korine, C. and Holderied, M. W. 2013.
The importance of Acacia trees for insectivorous bats and arthropods in the Arava desert.
PLoS
One
8(2):
e52999.
https://
doi.org/10.1371/journal.pone.0052999
Hails, R. S. 2002. Assessing the risks associated with
new agricultural practices. Nature 418 (6898):
685-688. https://doi.org/10.1038/nature01016
124

AJCB Vol. 11 No. 1, pp. 106–131, 2022

Boland an Burwell

Halfwerk, W., Holleman, L. J., Lessells, C. K. M. and
Slabbekoorn, H. 2011. Negative impact of traffic noise on avian reproductive success. Journal
of Applied Ecology 48(1): 210-219. https://
doi.org/10.1111/j.1365-2664.2010.01914.x
Hall, M., Llewellyn, O. A., Miller, A. G., Al-Abbasi, T.
M., Al-Wetaid, A. H., Al-Harbi, R. J. and AlShammari, K. F. 2010. Important plant areas in
the Arabian Peninsula: 2. Farasan archipelago.
Edinburgh Journal of Botany 67(2): 189-208.
https://doi.org/10.1017/S0960428610000089
Hall, M., Miller, A. G., Llewellyn, O. A., Al-Abbasi, T.
M., Al-Harbi, R. J. and Al-Shammari, K. F.
2011. Important plant areas in the Arabian Peninsula: 3. ‘Uruq Bani Ma‘arid. Edinburgh Journal of Botany 68(2): 183-197. https://
doi.org/10.1017/S0960428611000047
Hamidan, N. A. F. and Shobrak, M. 2019. An Update on
Freshwater Fishes of Saudi Arabia. Jordan
Journal of Biological Sciences 12(4): 495-502.
Hanna, D., Blouin-Demers, G., Wilson, D. R. and Mennill, D. J. 2011. Anthropogenic noise affects
song structure in red-winged blackbirds
(Agelaius phoeniceus). Journal of Experimental
Biology
214(21):
3549-3556.
https://
doi.org/10.1242/jeb.060194
Hansen, A. J., Knight, R. L., Marzluff, J. M., Powell, S.,
Brown, K., Gude, P. H. and Jones, K. 2005.
Effects of exurban development on biodiversity: patterns, mechanisms, and research needs.
Ecological Applications 15(6): 1893-1905.
https://doi.org/10.1890/05-5221
Harestad, A. S. and Bunnel, F. L. 1979. Home range and
body weight - a reevaluation. Ecology 60(2):
389-402. https://doi.org/10.2307/1937667
Hefley, T.J., Baasch, D.M., Tyre, A.J. and Blankenship,
E.E., 2015. Use of opportunistic sightings and
expert knowledge to predict and compare
Whooping Crane stopover habitat. Conservation Biology 29(5): 1337-1346. https://
doi.org/10.1111/cobi.12515
Heneidy, S. Z. and Bidak, L. M. 2001. Biodiversity of
the plant species in Bisha, Asir region, southwestern Saudi Arabia. Pakistan Journal of Biological Sciences 4(11): 1323-1330.
Hoffmann, A. and Zeller, U. 2005. Influence of variations in land use intensity on species diversity
and abundance of small mammals in the Nama
Karoo, Namibia. Belgian Journal of Zoology
135(1): 91-96.
Holderegger, R. and Di Giulio, M. 2010. The genetic
effects of roads: a review of empirical evidence. Basic and Applied Ecology 11(6): 522531. https://doi.org/10.1016/j.baae.2010.06.006
Hole, D. G., Perkins, A. J., Wilson, J. D., Alexander, I.
H., Grice, P. V. and Evans, A. D. 2005. Does
organic farming benefit biodiversity? Biological Conservation 122(1): 113-130. https://
doi.org/10.1016/j.biocon.2004.07.018
Howland, B., Stojanovic, D., Gordon, I. J., Manning, A.
D., Fletcher, D. and Lindenmayer, D. B. 2014.
Eaten out of house and home: impacts of grazing on ground-dwelling reptiles in Australian
grasslands and grassy woodlands. PloS one 9
(12):
e105966.
https://doi.org/10.1371/
journal.pone.0105966

Huang, F., Yang, J., Zhang, B., Li, Y., Huang, J. and
Chen, N. 2020. Regional terrain complexity
assessment based on principal component analysis and geographic information system: A
case of Jiangxi province, China. ISPRS International Journal of Geo-Information 9(9): 539.
https://doi.org/10.3390/ijgi9090539
Islam, M. Z.U, Volmer, R., al Boug, A., Shehri, A. A.
and Gavashelishvili, A. 2020. Modelling the
effect of competition for prey and poaching on
the population of the Arabian Leopard, Panthera pardus nimr, in Saudi Arabia
(Mammalia: Felidae). Zoology in the Middle
East
66(2):
95-106.
https://
doi.org/10.1080/09397140.2020.1757911
Islam, M. Z. U. and Knutson, C. 2008. A Plan to Reduce the Risk of Mass Mortalities of Reintroduced Animals in the Mahazat as-Sayd Protected Area in Saudi Arabia. Taif: National
Wildlife Research Center.
Islam, M. Z. U., Ismail, K. and Boug, A. 2008. Reintroduction of the Red-necked Ostrich, Struthio camelus camelus, in Mahazat as-Sayd
Protected Area in central Saudi Arabia. Zoology in the Middle East 44(1): 31-40. https://
doi.org/10.1080/09397140.2008.10638286
Islam, M. Z. U., Ismail, K. and Boug, A. 2011. Restoration of the endangered Arabian Oryx Oryx
leucoryx, Pallas 1766 in Saudi Arabia lessons
learnt from the twenty years of re-introduction
in arid fenced and unfenced protected areas:
(Mammalia: Artiodactyla). Zoology in the
Middle East 54(sup3): 125-140. https://
doi.org/10.1080/09397140.2011.10648904
James, C. D. 2003. Response of vertebrates to fenceline
contrasts in grazing intensity in semi‐arid
woodlands of eastern Australia. Austral Ecology 28(2): 137-151. https://doi.org/10.1046/
j.1442-9993.2003.01259.x
James, C. D., Landsberg, J. and Morton, S. R. 1999.
Provision of watering points in the Australian
arid zone: a review of effects on biota. Journal
of Arid Environments 41(1): 87-121. https://
doi.org/10.1006/jare.1998.0467
Janiszewski, T., Minias, P. and Wojciechowski, Z.
2015. Selective forces responsible for transition to nesting on electricity poles in the white
stork Ciconia ciconia. Ardea 103(1): 39-50.
https://doi.org/10.5253/arde.v103i1.a4
Jeliazkov, A., Mimet, A., Chargé, R., Jiguet, F., Devictor, V. and Chiron, F. 2016. Impacts of agricultural intensification on bird communities: new
insights from a multi-level and multi-facet
approach of biodiversity. Agriculture, Ecosystems and Environment 216: 9-22. https://
doi.org/10.1016/j.agee.2015.09.017
Jenkins, A. R., Smallie, J. J. and Diamond, M. 2010.
Avian collisions with power lines: a global
review of causes and mitigation with a South
African perspective. Bird Conservation International
20(3):
263-278.
https://
doi.org/10.1017/S0959270910000122
Jennings, M. C. 2010. Atlas of the breeding birds of
Arabia. Fauna of Arabia 25: 1-751.
Jones, A. 2000. Effects of cattle grazing on North
American arid ecosystems: a quantitative review. Western North American Naturalist 60
(2): 155-164.
125

AJCB Vol. 11 No. 1, pp. 106–131, 2022

Species composition of butterflies in Panchavati garden area

Jones, I. L., Bull, J. W., Milner‐Gulland, E. J., Esipov,
A. V. and Suttle, K. B. 2014. Quantifying habitat impacts of natural gas infrastructure to facilitate biodiversity offsetting. Ecology and Evolution 4(1): 79-90. https://doi.org/10.1002/ece3.884
Jones, T. R., Babb, R. D., Hensley, F. R., LiWanPo, C.
and Sullivan, B. K. 2011. Sonoran Desert snake
communities at two sites: concordance and
effects of increased road traffic. Herpetological
Conservation and Biology 6(1): 61-71.
Kamp, J., Koshkin, M. A., Bragina, T. M., Katzner, T.
E., Milner-Gulland, E. J., Schreiber, D., Sheldon, R., Shmalenko, A., Smelansky, I., Terraube, J and Urazaliev, R. 2016. Persistent and
novel threats to the biodiversity of Kazakhstan’s steppes and semi-deserts. Biodiversity
and Conservation 25(12): 2521-2541. https://
doi.org/10.1007/s10531-016-1083-0
Kechnebbou, M., Martín, J., Chammem, M., Arregui, L.
and Nouira, S. 2019. Roads and urban areas as
physiological stressors of spiny-tailed lizards,
Uromastyx acanthinura. Journal of Arid Environments 170: 103997. https://doi.org/10.1016/
j.jaridenv.2019.103997
Keshkamat, S. S., Tsendbazar, N. E., Zuidgeest, M. H.
P., Van Der Veen, A. and De Leeuw, J. 2012.
The environmental impact of not having paved
roads in arid regions: an example from Mongolia.
Ambio
41(2):
202-205.
https://
doi.org/10.1007/s13280-011-0155-3
Khalik, K. A., El-Sheikh, M. and El-Aidarous, A. 2013.
Floristic diversity and vegetation analysis of
wadi Al-Noman, Mecca, Saudi Arabia. Turkish
Journal of Botany 37(5): 894-907. https://
doi.org/10.3906/bot-1209-56
Khoury, F. and Al-Shamlih, M. 2006. The impact of
intensive agriculture on the bird community of
a sand dune desert. Journal of Arid Environments 64(3): 448-459. https://doi.org/10.1016/
j.jaridenv.2005.06.006
Khoury, F., Al-Shamlih, M., Sultan, H. and AbuGhalyun, Y. 2007. The effects of vegetation
cover on the structure of bird communities in a
hyperarid desert. Zoology in the Middle East 40
(1):11-20.

10638199

Llewellyn, O. A., Hall, M., Miller, A. G., Al-Abbasi, T.
M., Al-Wetaid, A. H., Al-Harbi, R. J., AlShammari, K. F and Al-Farhan, A. 2010. Important Plant Areas in the Arabian Peninsula:
1. Jabal Qaraqir. Edinburgh Journal of Botany
67(1):
37-56.
https://doi.org/10.1017/
S0960428609990229
Lovich, J. E. and Bainbridge, D. 1999. Anthropogenic
degradation of the southern California desert
ecosystem and prospects for natural recovery
and restoration. Environmental Management
24(3): 309-326.
Lukanov, S., Simeonovska-Nikolova, D. and Tzankov,
N. 2014. Effects of traffic noise on the locomotion activity and vocalization of the Marsh
Frog, Pelophylax ridibundus. North-Western
Journal of Zoology 10(2).
Lunde, E. T., Bech, C., Fyumagwa, R. D., Jackson, C.
R. and Røskaft, E. 2016. Assessing the effect
of roads on impala (Aepyceros melampus)
stress levels using faecal glucocorticoid metabolites. African Journal of Ecology 54(4): 434441. https://doi.org/10.1111/aje.12302
Luo, J., Siemers, B. M. and Koselj, K. 2015. How anthropogenic noise affects foraging. Global
Change Biology 21(9): 3278-3289. https://
doi.org/10.1111/gcb.12997
Macchi, L. and Grau, H. R. 2012. Piospheres in the dry
Chaco. Contrasting effects of livestock puestos
on forest vegetation and bird communities.
Journal of Arid Environments 87: 176-187.
https://doi.org/10.1016/j.jaridenv.2012.06.003
Macdonald, D. W., Courtenay, O., Forbes, S. and
Mathews, F. 1999. The red fox (Vulpes vulpes)
in Saudi Arabia: loose-knit groupings in the
absence of territoriality. Journal of Zoology
249(4): 383-391. https://doi.org/10.1111/j.1469
-7998.1999.tb01207.x
Magesh, N.S., Chandrasekar, N. and Kaliraj, S. 2012. A
GIS based automated extraction tool for the
analysis of basin morphometry. Bonfring International Journal of Industrial Engineering and
Management Science 2: 32-35.
Mallon, D. P. 2011. Global hotspots in the Arabian Peninsula. Zoology in the Middle East 54(sup3):
13-20.
https://
doi.org/10.1080/09397140.2011.10648896
Mandaville, J. P. 1986. Plant life in the Rub'al-Khali
(the Empty Quarter), south-central Arabia.
Proceedings of the Royal Society of Edinburgh, Section B: Biological Sciences 89: 147157.https://doi.org/10.1017S026972700000
8988
Mandaville, J. P. 1990. Flora of Eastern Saudi Arabia.
Routledge.
Marone, L., Olmedo, M., Valdés, D. Y., Zarco, A., de
Casenave, J. L. and Pol, R. G. 2017. Diet
switching of seed-eating birds wintering in
grazed habitats of the central Monte desert,
Argentina. The Condor: Ornithological Applications
119(4):
673-682.
https://
doi.org/10.1650/CONDOR-17-61.1
Mateo, J. R. S. C. 2012. Weighted sum method and
weighted product method. In Multi Criteria
Analysis in the Renewable Energy Industry (ed
Mateo, J. R. S. C), Springer.

https://doi.org/10.1080/09397140.2007.

Krosby, M., Breckheimer, I., John Pierce, D., Singleton,
P.H., Hall, S.A., Halupka, K.C., Gaines, W.L.,
Long, R.A., McRae, B.H., Cosentino, B.L. and
Schuett-Hames, J.P., 2015. Focal species and
landscape “naturalness” corridor models offer
complementary approaches for connectivity
conservation planning. Landscape Ecology 30
(10):
2121-2132.
https://doi.org/10.1007/
s10980-015-0235-z
Landau, S. Y., Isler, I., Dvash, L., Shalmon, B., Arnon,
A. and Saltz, D. 2021. Estimating the Suitability for the Reintroduced Arabian Oryx (Oryx
leucoryx, Pallas 1777) of Two Desert Environments by NIRS-Aided Fecal Chemistry. Remote
Sensing
13(10):
1876.
https://
doi.org/10.3390/rs13101876
Llewellyn, O. A., Hall, M., Miller, A. G., Al-Abbasi, T.
M., Al-Wetaid, A. H., Al-Harbi, R. J. and AlShammari, K. F. 2011. Important plant areas in
the Arabian Peninsula: 4. Jabal Aja’. Edinburgh
Journal of Botany 68(2): 199-224. https://
doi.org/10.1017/S0960428611000059
126

AJCB Vol. 11 No. 1, pp. 106–131, 2022

Boland an Burwell

McClure, C. J., Ware, H. E., Carlisle, J., Kaltenecker, G.
and Barber, J. R. 2013. An experimental investigation into the effects of traffic noise on distributions of birds: avoiding the phantom road.
Proceedings of the Royal Society B: Biological
Sciences 280(1773): 20132290. https://
doi.org/10.1098/rspb.2013.2290
McCormack, R. K. and Allen, L. J. 2007. Multi-patch
deterministic and stochastic models for wildlife
diseases. Journal of Biological Dynamics 1(1):
63-85.
https://
doi.org/10.1080/17513750601032711
Mcdonald, R. I., Forman, R. T., Kareiva, P., Neugarten,
R., Salzer, D. and Fisher, J. 2009. Urban effects, distance, and protected areas in an urbanizing world. Landscape and Urban Planning 93
(1):
63-75.
https://doi.org/10.1016/
j.landurbplan.2009.06.002
McKenzie, L. J., Nordlund, L. M., Jones, B. L., CullenUnsworth, L. C., Roelfsema, C. and Unsworth,
R. K. 2020. The global distribution of seagrass
meadows. Environmental Research Letters 15
(7): 074041. https://doi.org/10.1088/17489326/ab7d06
McKinney, M. L. 2006. Urbanization as a major cause
of biotic homogenization. Biological Conservation 127(3): 247-260. https://doi.org/10.1016/
j.biocon.2005.09.005
Meillère, A., Brischoux, F., Ribout, C. and Angelier, F.
2015. Traffic noise exposure affects telomere
length in nestling house sparrows. Biology Letters 11(9): 20150559. https://doi.org/10.1098/
rsbl.2015.0559
Mickle, M. F. and Higgs, D. M. 2018. Integrating techniques: a review of the effects of anthropogenic
noise on freshwater fish. Canadian Journal of
Fisheries and Aquatic Sciences 75(9): 15341541. https://doi.org/10.1139/cjfas-2017-0245
Miller, A. G., Cope, T. A. and Nyberg, J. A. 1996. Flora
of the Arabian Peninsula and Socotra. Edinburgh University Press in association with Royal Botanic Garden, Edinburgh, Royal Botanic
Gardens, Kew.
Milto, K. D., Saber, S. A., Nagy, A. M., Nazarov, R. A.,
Melnikov, D. A. and Ananjeva, N. B. 2019.
First report on the reptile diversity of Wadi El
Gemal National Park, Eastern Desert, Egypt.
Russian Journal of Herpetology 26(3): 175184. https://doi.org/10.30906/1026-2296-201926-3-175-184
Milton, S. J. and Dean, W. R. J. 2010. Plant invasions in
arid areas: special problems and solutions: a
South African perspective. Biological Invasions
12(12): 3935-3948. https://doi.org/10.1007/
s10530-010-9820-x
Mirreh M. M. and alDiran M. S. 1995. Effect of protection and grazing pressure in the desert rangelands of Al-Jouf region, Saudi Arabia. In Range
Management in Arid Zones: Proceedings of the
Second International Conference on Range
Management in the Arabian Gulf. (eds Omar,
S. A., Razzaque, M. A. and Alsdirawi, F.),
Routledge.
Miyazaki, T., Wetaid, A. and Ohba, H. 2007. Vegetation
of the Asir Mountains. The Joint Study Project
on the Conservation of Juniper Woodlands in

Saudi Arabia. Japan International Cooperation
Agency (JICA) and National Commission for
Wildlife Conservation and Development
(NCWCD): 190-262.
Mohamed, W. F. 2021. Changes in the feeding behavior
and habitat use of the desert hedgehog
Paraechinus aethiopicus (Ehrenberg 1832,
Eulipotyphla: Erinaceidae), in Saudi Arabia.
Brazilian Journal of Biology 82: e244581e244581.
https://doi.org/10.1590/15196984.244581
Mohammad, W. F. and Basuony, M. I. 2016. Food
composition and feeding ecology of the Arabian Red Fox Vulpes vulpes arabica Thomas
1902 in Sakaka northern Saudi Arabia. Journal
of Bioscience and Applied Research 2(11): 723
-728.
https://doi.org/10.21608/
JBAAR.2016.109503
Moosavi, S., Grose, M. J. and Lake, P. S. 2019. Wadis
as dryland river parks: challenges and opportunities in designing with hydro-ecological dynamics. Landscape Research 45(2): 193-213.
https://
doi.org/10.1080/01426397.2019.1592132
Morelli, T. L., Barrows, C. W., Ramirez, A. R., Cartwright, J. M., Ackerly, D. D., Eaves, T. D.,
Ebersole, J. L., Krawchuk, M. A., Letcher, B.
H., Mahalovich, M. F and Meigs, G. W. 2020.
Climate‐change refugia: biodiversity in the
slow lane. Frontiers in Ecology and the Environment
18(5):
228-234.
https://
doi.org/10.1002/fee.2189
Mori, A., Yamane, A., Sugiura, H., Shotake, T., Boug,
A. and Iwamoto, T. 2007. A study on the social structure and dispersal patterns of hamadryas baboons living in a commensal group at
Taif, Saudi Arabia. Primates 48(3): 179-189.
https://doi.org/10.1007/s10329-007-0045-2
Naeth, M. A., Locky, D. A., Wilkinson, S. R., Nannt,
M. R., Bryks, C. L. and Low, C. H. 2020. Pipeline impacts and recovery of dry mixed-grass
prairie soil and plant communities. Rangeland
Ecology and Management 73(5): 619-628.
https://doi.org/10.1016/j.rama.2020.06.003
Nagendra, H. 2001. Using remote sensing to assess biodiversity. International Journal of Remote
Sensing
22(12):
2377-2400.
https://
doi.org/10.1080/01431160117096
Newport, J., Shorthouse, D. J. and Manning, A. D.
2014. The effects of light and noise from urban
development on biodiversity: Implications for
protected areas in Australia. Ecological Management and Restoration 15(3): 204-214.
https://doi.org/10.1111/emr.12120
Newton, S. F. and Newton, A. V. 1997. The effect of
rainfall and habitat on abundance and diversity
of birds in a fenced protected area in the central Saudi Arabian desert. Journal of Arid Environments
35(4):
715-735.
https://
doi.org/10.1006/jare.1996.0182
Norfolk, O., Eichhorn, M. P. and Gilbert, F. 2013. Traditional agricultural gardens conserve wild
plants and functional richness in arid South
Sinai. Basic and Applied Ecology 14(8): 659669.
https://doi.org/10.1016/
j.baae.2013.10.004

127

AJCB Vol. 11 No. 1, pp. 106–131, 2022

Species composition of butterflies in Panchavati garden area

Quintana, I., Cifuentes, E. F., Dunnink, J. A., Ariza, M.,
Martinez-Medina, D., Fantacini, F. M.,
Shrestha, B.R and Richard, F. J. 2021. Severe
Conservation Risks of Roads on Apex Predators. https://doi.org/10.21203/rs.3.rs-415227/v1
Radwan, N. and Mangi, S. A. 2019. Municipal solid
waste management practices and opportunities
in Saudi Arabia. Engineering, Technology and
Applied Science Research 9(4): 4516-4519.
Rahmann, G. 2011. Biodiversity and organic farming:
what do we know? vTI Agriculture and Forestry Research 3: 189-208.
Ramadan, M. F., Abdel-Hamid, M., Altorgoman, M.
M., AlGaramah, H. A., Alawi, M. A., Shati, A.
A., Shweeta, H. A and Awwad, N. S. 2020.
Evaluation of pesticide residues in vegetables
from the Asir Region, Saudi Arabia. Molecules
25(1):
205.
https://doi.org/10.3390/
molecules25010205
Read, J. L. and Cunningham, R. 2010. Relative impacts
of cattle grazing and feral animals on an Australian arid zone reptile and small mammal
assemblage. Austral Ecology 35(3): 314-324.
https://doi.org/10.1111/j.14429993.2009.
02040.x
Reijnen, R., Foppen, R., Braak, C. T. and Thissen, J.
1995. The effects of car traffic on breeding
bird populations in woodland. III. Reduction of
density in relation to the proximity of main
roads. Journal of Applied Ecology 187-202.
Richardson, M. L., Wilson, B. A., Aiuto, D. A., Crosby,
J. E., Alonso, A., Dallmeier, F. and Golinski,
G. K. 2017. A review of the impact of pipelines and power lines on biodiversity and strategies for mitigation. Biodiversity and Conservation
26(8):
1801-1815.
https://
doi.org/10.1007/s10531-017-1341-9
Riitters, K. H. and Wickham, J. D. 2003. How far to the
nearest road? Frontiers in Ecology and the Environment
1(3):
125-129.
https://
doi.org/10.1890/1540-9295(2003)001
[0125:HFTTNR]2.0.CO;2
Rosenzweig, M. L. 1995. Species diversity in space and
time. Cambridge University Press.
Rüdisser, J., Tasser, E. and Tappeiner, U. 2012. Distance to nature—a new biodiversity relevant
environmental indicator set at the landscape
level. Ecological Indicators 15(1): 208-216.
https://doi.org/10.1016/j.ecolind.2011.09.027
SAS 2021. JMP version 16.1. Cary, SAS Institute.
Schieltz, J. M. and Rubenstein, D. I. 2016. Evidence
based review: positive versus negative effects
of livestock grazing on wildlife. What do we
really know? Environmental Research Letters
11(11): 113003. https://doi.org/10.1088/17489326/11/11/113003
Schuldt, A., Ebeling, A., Kunz, M., Staab, M.,
Guimarães-Steinicke, C., Bachmann, D., Buchmann, N., Durka, W., Fichtner, A., Fornoff, F
and Härdtle, W. 2019. Multiple plant diversity
components drive consumer communities
across ecosystems. Nature Communications 10
(1): 1-11. https://doi.org/10.1038/s41467-01909448-8
Schulz, E. and Whitney, J. W. 1986. Vegetation in
north-central Saudi Arabia. Journal of Arid
Environments
10(3):
175-186.
https://
doi.org/10.1016/S0140-1963(18)31237-0

Norfolk, O., Power, A., Eichhorn, M. P. and Gilbert, F.
2015. Migratory bird species benefit from traditional agricultural gardens in arid South Sinai.
Journal of Arid Environments 114: 110-115.
https://doi.org/10.1016/j.jaridenv.2014.12.004
Omran, A., Dietrich, S., Abouelmagd, A. and Michael,
M., 2016. New ArcGIS tools developed for
stream network extraction and basin delineations using Python and java script. Computers
and Geosciences 94: 140-149. https://
doi.org/10.1016/j.cageo.2016.06.012
Oppel, S., Arkumarev, V., Bakari, S., Dobrev, V., Saravia, V., Adefolu, S., Sözüer, L. A., Apeverga,
P. T., Arslan, Ş., Barshep, Y and Bino, T. 2020.
Major threats to a migratory raptor vary geographically along the eastern Mediterranean
flyway. Biological Conservation 262: 109277.
https://doi.org/10.1016/j.biocon.2021.109277
Osman, A. K., Al-Ghamdi, F. and Bawadekji, A. 2014.
Floristic diversity and vegetation analysis of
Wadi Arar: A typical desert Wadi of the Northern Border region of Saudi Arabia. Saudi Journal of Biological Sciences 21(6): 554-565.
https://doi.org/10.1016/j.sjbs.2014.02.001
Palacín, C., Alonso, J. C., Martín, C. A. and Alonso, J.
A. 2017. Changes in bird‐migration patterns
associated with human‐induced mortality. Conservation Biology 31(1): 106-115. https://
doi.org/10.1111/cobi.12758
Palomino, D., Seoane, J., Carrascal, L. M. and Alonso,
C. L. 2008. Competing effects of topographic,
lithological, vegetation structure and human
impact in the habitat preferences of the Creamcoloured Courser. Journal of Arid Environments 72(4): 401-410. https://doi.org/10.1016/
j.jaridenv.2007.07.007
Peaden, J. M., Nowakowski, A. J., Tuberville, T. D.,
Buhlmann, K. A. and Todd, B. D. 2017. Effects
of roads and roadside fencing on movements,
space use, and carapace temperatures of a
threatened tortoise. Biological Conservation
214:
13-22.
https://doi.org/10.1016/
j.biocon.2017.07.022
Pellikka, P. and Alshaikh, A. Y. 2016. Remote sensing
of the decrease of juniper woodlands in the
mountains of Southwestern Saudi Arabia—
reasons and consequences. Arabian Journal of
Geosciences 9(6): 457. https://doi.org/10.1007/
s12517-016-2481-z
Plantlife International 2021. Important plant areas.
https:
//www.plantlife.org.uk/international/
important-plant-areas-international. Cited 18
August 2021.
Pol, R. G., Sagario, M. C. and Marone, L. 2014. Grazing
impact on desert plants and soil seed banks:
implications for seed-eating animals. Acta Oecologica 55: 58-65. https://doi.org/10.1016/
j.actao.2013.11.009
Popp, J. N. and Boyle, S. P. 2017. Railway ecology:
underrepresented in science? Basic and Applied
Ecology 19: 84-93. https://doi.org/10.1016/
j.baae.2016.11.006
Queiroz, C., Beilin, R., Folke, C. and Lindborg, R.
2014. Farmland abandonment: threat or opportunity for biodiversity conservation? A global
review. Frontiers in Ecology and the Environment
12(5):
288-296.
https://
doi.org/10.1890/120348
128

AJCB Vol. 11 No. 1, pp. 106–131, 2022

Boland an Burwell

Schutgens, M., Shaw, J. M. and Ryan, P. G. 2014. Estimating scavenger and search bias for collision
fatality surveys of large birds on power lines in
the Karoo, South Africa. Ostrich 85(1): 39-45.
https://doi.org/10.2989/00306525.2014.888691
Selmi, S. and Boulinier, T. 2003. Breeding bird communities in southern Tunisian oases: the importance of traditional agricultural practices for
bird diversity in a semi-natural system. Biological Conservation 110(2): 285-294. https://
doi.org/10.1016/S0006-3207(02)00231-8
Senzaki, M., Yamaura, Y., Francis, C. D. and Nakamura, F. 2016. Traffic noise reduces foraging efficiency in wild owls. Scientific Reports 6(1): 17. https://doi.org/10.1038/srep30602 (2016).
Shahid, M. 2017. Goats: a threat to biodiversity in the
United Arab Emirates. Tribulus 25 4-12.
Shi, P., Xiao, J., Wang, Y. F. and Chen, L. D. 2014. The
effects of pipeline construction disturbance on
soil properties and restoration cycle. Environmental Monitoring and Assessment 186(3):
1825-1835. https://doi.org/10.1007/s10661-013
-3496-5
Shier, D. M., Lea, A. J. and Owen, M. A. 2012. Beyond
masking: endangered Stephen’s kangaroo rats
respond to traffic noise with foot drumming.
Biological Conservation 150(1): 53-58. https://
doi.org/10.1016/j.biocon.2012.03.007
Shobrak, M. 2012. Electrocution and collision of birds
with power lines in Saudi Arabia: (Aves). Zoology in the Middle East 57(1): 45-52. https://
doi.org/10.1080/09397140.2012.10648962
Shobrak, M., Al Husaini, K. and Alsuhaibany, A. 2009.
Bird Electrocution in Saudi Arabia. Phoenix
25: 5-6.
Shobrak, M., Alasmari, S., Alqthami, A., Alqthami, F.,
Al-Otaibi, A., Al Zoubi, M., El Moghrabi, L.,
Jbour, S., Asswad, N. G., Oppel, S., Arkmarev,
V. and Nikolov, S. C. 2021. Electric infrastructure poses a significant threat at congregation
sites of the globally threatened Steppe Eagle
Aquila nipalensis in Saudi Arabia. Bird Conservation
International:
1-9.
https://
doi.org/10.1017/S0959270921000204
Shobrak, M., Alasmari, S., Alqthami, A., Alqthami, F.,
Al-Otaibi, A., Al Zoubi, M., El Moghrabi, L.,
Jbour, S., Arkumarev, V., Oppel, S., Asswad,
N. G. and Nikolov, S. C. 2020. Congregations
and threats of migratory Egyptian Vultures
Neophron percnopterus along the southwest
coast of Saudi Arabia. Sandgrouse 42: 248-258.
Siemann, E., Tilman, D., Haarstad, J. and Ritchie, M.
1998. Experimental tests of the dependence of
arthropod diversity on plant diversity. The
American Naturalist 152(5): 738-750. https://
doi.org/10.1086/286204
Silva, C. C., Lourenço, R., Godinho, S., Gomes, E.,
Sabino-Marques, H., Medinas, D., Neves, V.,
Silva, C., Rabaça, J. E and Mira, A. 2012. Major roads have a negative impact on the Tawny
Owl Strix aluco and the Little Owl Athene noctua populations. Acta Ornithologica 47(1): 4754. https://doi.org/10.3161/000164512X653917
Siriwardena, G. M., Baillie, S. R., Buckland, S. T., Fewster, R. M., Marchant, J. H. and Wilson, J. D.
1998. Trends in the abundance of farmland
birds: a quantitative comparison of smoothed

Common Birds Census indices. Journal of Applied Ecology 35(1): 24-43. https://
doi.org/10.1046/j.1365-2664.1998.00275.x
Slabbekoorn, H. and Ripmeester, E. A. P. 2008. Birdsong and anthropogenic noise: implications
and applications for conservation. Molecular
Ecology 17(1): 72-83. https://doi.org/10.1111/
j.1365-294X.2007.03487.x
Šmíd, J., Shobrak, M., Wilms, T., Joger, U. and Carranza, S. 2017. Endemic diversification in the
mountains: genetic, morphological, and geographical differentiation of the Hemidactylus
geckos in southwestern Arabia. Organisms
Diversity and Evolution 17(1): 267-285.
https://doi.org/10.1007/s13127-016-0293-3
Soorae, P., Sakkir, S., Saji, A., Khan, S. B., Al Zaabi,
R., Shah, J. N., Ali, A., Al Omari, K., Al
Dhaheri, A., Javed, S and Tubati, S. R. 2020.
A Review of the Flora and Fauna in the Al
Wathba Wetland Reserve in Abu Dhabi, United Arab Emirates. Wetlands 40(5): 1505-1512.
https://doi.org/10.1007/s13157-019-01235-x
St-Louis, V., Pidgeon, A. M., Kuemmerle, T., Sonnenschein, R., Radeloff, V. C., Clayton, M. K.,
Locke, B. A., Bash, D and Hostert, P. 2014.
Modelling avian biodiversity using raw, unclassified satellite imagery. Philosophical
Transactions of the Royal Society B: Biological Sciences 369(1643): 20130197. https://
doi.org/10.1098/rstb.2013.0197
Stevens, B. S. and Conway, C. J. 2020. Predictive multi
‐scale occupancy models at range‐wide extents: Effects of habitat and human disturbance
on distributions of wetland birds. Diversity and
Distributions
26(1):
34-48.
https://
doi.org/10.1111/ddi.12995
Sushinsky, J. R., Rhodes, J. R., Possingham, H. P., Gill,
T. K. and Fuller, R. A. 2013. How should we
grow cities to minimize their biodiversity impacts? Global Change Biology 19(2): 401-410.
https://doi.org/10.1111/gcb.12055
Tabeni, S. and Ojeda, R. A. 2003. Assessing mammal
responses to perturbations in temperate aridlands of Argentina. Journal of Arid Environments 55(4): 715-726. https://doi.org/10.1016/
S0140-1963(02)00314-2
Tadey, M. 2021. Livestock indirectly decrease nest
abundance of two shrub-nesting species in
Patagonian Monte Desert. The Rangeland
Journal
42(6):
375-385.
https://
doi.org/10.1071/RJ19061
Talbi, R. 2009. The edge-effect of farming on vegetation density and rodent assemblage of a remnant sandy patch in a hyper-arid environment.
Masters Dissertation: Ben Gurion University.
Tapper, S. L., Byrne, M., Yates, C. J., Keppel, G., Hopper, S. D., Van Niel, K., Schut, A. G., Mucina,
L and Wardell‐Johnson, G. W. 2014. Prolonged isolation and persistence of a common
endemic on granite outcrops in both mesic and
semi‐arid environments in south‐western Australia. Journal of Biogeography 41(11): 20322044. https://doi.org/10.1111/jbi.12343
Tear, T. H., Mosley, J. C. and Ables, E. D. 1997. Landscape-scale foraging decisions by reintroduced
Arabian oryx. Journal of Wildlife Management
61(4): 1142-1154.
129

AJCB Vol. 11 No. 1, pp. 106–131, 2022

Species composition of butterflies in Panchavati garden area

Tennessen, J. B., Parks, S. E. and Langkilde, T. 2014.
Traffic noise causes physiological stress and
impairs breeding migration behaviour in frogs.
Conservation Physiology 2(1): 1-8. https://
doi.org/10.1093/conphys/cou032
Tews, J., Brose, U., Grimm, V., Tielbörger, K., Wichmann, M. C., Schwager, M. and Jeltsch, F.
2004. Animal species diversity driven by habitat heterogeneity/diversity: the importance of
keystone structures. Journal of Biogeography
31(1): 79-92. https://doi.org/10.1046/j.03050270.2003.00994.x
Thomas, J., El-Sheikh, M. A., Alfarhan, A. H., Alatar,
A. A., Sivadasan, M., Basahi, M., Al-Obaid, S
and Rajakrishnan, R. 2016. Impact of alien
invasive species on habitats and species richness in Saudi Arabia. Journal of Arid Environments 127: 53-65. https://doi.org/10.1016/
j.jaridenv.2015.10.009
Tieleman, B. I., Williams, J. B. and Visser, G. H. 2004.
Energy and water budgets of larks in a life history perspective: parental effort varies with
aridity. Ecology 85(5): 1399-1410. https://
doi.org/10.1890/03-0170
Tourenq, C., Brook, M., Knuteson, S., Shuriqi, M. K.,
Sawaf, M. and Perry, L. 2011. Hydrogeology
of Wadi Wurayah, United Arab Emirates, and
its importance for biodiversity and local communities. Hydrological Sciences Journal 56(8):
1407-1422.
https://
doi.org/10.1080/02626667.2011.631139
Tscharntke, T., Klein, A. M., Kruess, A., Steffan‐
Dewenter, I. and Thies, C. 2005. Landscape
perspectives on agricultural intensification and
biodiversity–ecosystem service management.
Ecology Letters 8(8): 857-874. https://
doi.org/10.1111/j.1461-0248.2005.00782.x
Turner, W., Spector, S., Gardiner, N., Fladeland, M.,
Sterling, E. and Steininger, M. 2003. Remote
sensing for biodiversity science and conservation. Trends in Ecology and Evolution 18(6):
306-314. https://doi.org/10.1016/S0169-5347
(03)00070-3
Uddin, M., Dutta, S., Kolipakam, V., Sharma, H., Usmani, F. and Jhala, Y. 2021. High bird mortality due to power lines invokes urgent environmental mitigation in a tropical desert. Biological Conservation 261: 109262. https://
doi.org/10.1016/j.biocon.2021.109262
Val, J., Travers, S. K., Oliver, I., Koen, T. B. and Eldridge, D. J. 2019. Recent grazing reduces reptile richness but historic grazing filters reptiles
based on their functional traits. Journal of Applied Ecology 56(4): 833-842. https://
doi.org/10.1111/1365-2664.13324
Van der Zande, A. N., Ter Keurs, W. J. and Van der
Weijden, W. J. 1980. The impact of roads on
the densities of four bird species in an open
field habitat—evidence of a long-distance effect. Biological Conservation 18(4): 299-321.
https://doi.org/10.1016/0006-3207(80)90006-3
Van Heezik, Y. and Seddon, P. J. 1999. Effects of season and habitat on bird abundance and diversity
in a steppe desert, northern Saudi Arabia. Journal of Arid Environments 43(3): 301-317.
https://doi.org/10.1006/jare.1999.0537

Vandermeer, J., Perfecto, I., Green, R. E., Cornell, S. J.,
Scharlemann, J. P. and Balmford, A. 2005. The
future of farming and conservation. Science
308(5726): 1257-1258.
Von der Lippe, M. and Kowarik, I. 2007. Long‐distance
dispersal of plants by vehicles as a driver of
plant invasions. Conservation Biology 21(4):
986-996.
https://doi.org/10.1111/j.15231739.2007.00722.x
Wanghe, K., Guo, X., Wang, M., Zhuang, H., Ahmad,
S., Khan, T.U., Xiao, Y., Luan, X. and Li, K.,
2020. Gravity model toolbox: An automated
and open-source ArcGIS tool to build and prioritize ecological corridors in urban landscapes. Global Ecology and Conservation 22:
p.e01012.
https://doi.org/10.1016/
j.gecco.2020.e01012
Western, D. 1975. Water availability and its influence
on the structure and dynamics of a savannah
large mammal community. African Journal of
Ecology
13(3‐4):
265-286.
https://
doi.org/10.1111/j.1365-2028.1975.tb00139.x
Wilms, T. M., Wagner, P., Shobrak, M. and Böhme, W.
2009. Activity profiles, habitat selection and
seasonality of body weight in a population of
Arabian Spiny-tailed Lizards (Uromastyx aegyptia microlepis Blanford, 1875; Sauria:
Agamidae) in Saudi Arabia. Bonner Zoologische Beiträge 56(4): 259-272.
Wilms, T., Eid, E. K. A., Al Johany, A. M. H., Amr, Z.
S.S., Els, J., Baha El Din, S., Disi, A. M., Sharifi, M., Papenfuss, T., Shafiei Bafti, S. and
Werner, Y. L. 2012. Uromastyx aegyptia
(errata version published in 2017. The IUCN
Red List of Threatened Species 2012:
e.T164729A115304711.
https:
//
dx.doi.org/10.2305/
IUCN.UK.2012.RLTS.T164729A1071308.en.
Cited 12 July 2021.
Winkler, D. W., Billerman, S. M. and Lovette, I. J.
2020. Sandgrouse (Pteroclidae), version 1.0. In
Birds of the World (S. M. Billerman, B. K.
Keeney, P. G. Rodewald and T. S. Schulenberg, Editors). Cornell Lab of Ornithology,
Ithaca, NY, USA. https: //doi.org/10.2173/
bow.pteroc1.01
World Bank 2012. Development data. Washington DC,
USA: World Bank.
Wronski, T. and Macasero, W. 2008. Evidence for the
persistence of Arabian Wolf (Canis lupus pallipes) in the Ibex Reserve, Saudi Arabia and its
preferred prey species. Zoology in the Middle
East
45(1):
11-18.
https://
doi.org/10.1080/09397140.2008.10638301
Wronski, T., Alageel, K., Plath, M. and Sandouka, M.
A. 2012. Twenty years of monitoring a reintroduced population of Mountain Gazelles,
Gazella gazella (Pallas, 1776), in the Ibex Reserve, Saudi Arabia: (Mammalia: Bovidae).
Zoology in the Middle East 55(1): 3-18.
https://
doi.org/10.1080/09397140.2012.10648912
Wysong, M. L., Iacona, G. D., Valentine, L. E., Morris,
K. and Ritchie, E. G. 2020. On the right track:
placement of camera traps on roads improves
detection of predators and shows non-target

130

AJCB Vol. 11 No. 1, pp. 106–131, 2022

Boland an Burwell

impacts of feral cat baiting. Wildlife Research
47(8):
557-569.
https://doi.org/10.1071/
WR19175
Yates, C. J., Norton, D. A. and Hobbs, R. J. 2000. Grazing effects on plant cover, soil and microclimate in fragmented woodlands in south‐
western Australia: implications for restoration.
Austral Ecology 25(1): 36-47. https://
doi.org/10.1046/j.1442-9993.2000.01030.x
Yosef, R. and Zduniak, P. 2011. Drinking schedule of
four sandgrouse species (Pterocles spp.) in relation to sunrise and season. Acta Ethologica 14
(1): 35-41. https://doi.org/10.1007/s10211-0100088-z
Zalba, S. M. and Cozzani, N. C. 2004. The impact of
feral horses on grassland bird communities in
Argentina. Animal Conservation Forum 7(1):
35-44.https://doi.org/10.1017/S1367943003
001094

Zarco, A., Cueto, V. R., Sagario, M. C. and Marone, L.
2019. Effects of livestock grazing on flocks of
seed-eating birds in the central Monte desert,
Argentina. Canadian Journal of Zoology 97(7):
606-611.
https://doi.org/10.1139/cjz-20180223
Zheng, C., Wen, Z., Liu, Y., Guo, Q., Jiang, Y., Ren,
H., Fan, Y. and Yang, Y., 2021. Integrating
habitat suitability and the near-nature restoration priorities into revegetation plans based on
potential vegetation distribution. Forests 12(2):
218. https://doi.org/10.3390/f12020218
Zwarts, L., Bijlsma, R. G. and van der Kamp, J. 2018.
Large decline of birds in Sahelian rangelands
due to loss of woody cover and soil seed bank.
Journal of Arid Environments 155: 1-15.
https://doi.org/10.1016/j.jaridenv.2018.01.013

131

AJCB Vol. 11 No. 1, pp. 106–131, 2022

