Heliyon 9 (2023) e12501

Contents lists available at ScienceDirect

Heliyon

journal homepage: www.cell.com/heliyon

Research article :.) |

Check for

Conservation of the Goitered gazelle (Gazella subgutturosa) under [
climate changes in Iraq

Emad Kaky ®, Victoria Nolan ”, Mohammed I. Khalil ¢,

Ameer M. Ameen Mohammed ?, Aram Afrasiaw Ahmed Jaf®,

Saman Mohammed Mohammed-Amin ©, Yadgar Ali Mahmood 4 Francis Gilbert”
@ Kalar Technical College, Sulaimani Polytechnic University, Qirga District, Sulaymaniyah, Iraq

b School of Life Sciences, University of Nottingham, Nottingham, UK

¢ Department of Biology, College of Education, University of Garmian, Iraq
4 Field Crops Department, College of Agricultural and Engineering Science, University of Garmian, Iraq

ARTICLE INFO ABSTRACT

Keywords: Climate is a vital factor that shapes habitat suitability for many species across space and time.
Clim_ﬂte C'hﬁf?ge ) Gazella subgutturosa (Goitered gazelle) is a globally vulnerable mammal already extinct in some
Species distribution models (SDMs) areas of Armenia and Georgia and is highly threatened in other areas of its distribution. In this
i::;;als study, new data were gathered for 33 locations in north-eastern Iraq, and then together with

Protected areas (PAs) literature data, Species Distribution Models (SDMs) were used to explore the geographical dis-

TUCN Red list tribution of the gazelle under current and future climate change scenarios. We studied the rela-
tionship between seven climate variables and 43 occurrence records to predict habitat suitability
of the gazelle under the current climate, and also under four future climate scenarios (RCP2.6 and
RCP8.5 for both 2050 and 2080). Annual precipitation and isothermality had the most influence
on the distribution of Gazella subgutturosa. The most suitable habitat in both the current and
future scenarios was located in north-eastern Iraq close to the Iranian border near the Zagros
Mountains. There was no difference in habitat suitability for the gazelle inside Iraqi Protected
Areas (PAs) compared to outside the PAs. Using the occurrence records and IUCN Red List na-
tional assessments, we found Iraqi Goitered gazelle populations to be classified as Endangered
(EN). Our results suggest urgent conservation planning is needed to save this species, including
the establishment of new PAs. These results contribute new baseline information, which was
currently missing Goitered gazelle in about Iraq, to the IUCN SSC Antelope Specialist Group,
which will hopefully aid with future global assessments and conservation.

1. Introduction

Climate plays an important role in determining the ecological niche of species in space and time. The ecological niche explains
much of the geographical distribution of species, and how they persist and compete with co-occurring species [1,2]. Therefore, species
are able to survive in a specific environment for the most part because of their responses to climate [3,4]. Persistence in the face of
rapid climate change often requires continuous shifts in distribution and range [5], especially for species with narrow ranges and those
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unable to adapt to unusual climate environments [6,7].

There has been little up-to-date information about Iraqi biodiversity throughout the last few decades because of conflict in the area
[8,9]. However, evidence shows that the biodiversity of Iraq is facing a sharp decline compared to data collected even a few decades
ago [10]. This decline is likely due to a deficiency in proper and effective PAs, ecosystem degradation, and the lack of action plans or
strategies for conservation planning [11]. The total proportion of terrestrial land covered by PAs in Iraq is about 1.5% of the total land
area [12], which does not achieve the minimum global requirements of the Aichi Target 11 [13]. To establish a better strategy, Iraq
needs more urgent action by decision makers, stakeholders and scientists in regards to expanding the PAs to conserve the most
vulnerable species in the area, and to achieve global targets and requirements to mitigate biodiversity loss.

There are several different gazelle species found historically in Iraq, including the Goitered gazelle (Gazella subgutturosa), Arabian
oryx (Oryx leucoryx), Saudi gazelle (Gazella saudiya) and occasionally the Mountain gazelle (Gazella gazella) [14-16]. The Saudi gazelle
and the Arabian oryx are now extinct in Iraq, while the presence of the Mountain gazelle has apparently not been substantiated
[15-17]. However, Goitered gazelles, either Persian Goitered (Gazella subgutturosa subgutturosa) or Arabian sand gazelles (Gazella
subgutturosa marica) or their hybrids, are reported to still be present in Iraq [14].

Gagzella subgutturosa is migratory and is therefore impacted by linear barriers such as fences, railways, roads etc., all of which are
developing quickly across Asia. Consequently, urbanization and land-use changes may open up more opportunities for hunters via
better access to different locations and habitats; it is likely the rate of decline of Gazella subgutturosa outside PAs will thus increase
further.

The IUCN Red List is a vital tool for assessing species extinction rates [18]. Using the IUCN Red List categories and criteria over the
last five decades has helped to assess 116,000 species to date, with a target for 2020 of 160,000 species. Around 27% (31,000) of all
assessed species are threatened with extinction (for more details see Ref. [19]. According to the last IUCN Red List assessment Gazella
subgutturosa is a globally Vulnerable (VU) species, whose current population trend is decreasing [19]. The IUCN SSC Antelope
Specialist Group has reported Gazella subgutturosa to exist in 11 countries, all of them in the continent of Asia. It has been recorded as
extinct in Armenia, and extinct and then reintroduced in Georgia (for more details see Ref. [19]. Data about this species in Iraq was not
included in the last assessment, because in Iraq it was assessed as “presence uncertain”. According to the Environmental Protection
Organization of Garmain (EPOG) and local authorities in the main areas inhabited by the species, the population of Gazella subgutturosa
has sharply declined by about 50% in the last three decades owing to human activities such illegal hunting, agricultural expansion and
urbanization.

To date, there are no studies investigating the ecological niche of Gazella subgutturosa in Iraq, and therefore little is known about
their geographical distribution or predicted habitat suitability under climate change. Species Distribution Models (SDMs) are one of
the most useful approaches to examine relationships between species occurrence and their environment [20,21], in order to predict
habitat suitability. SDMs are widely used in ecology, conservation biology, and biogeography, and their applications are rapidly
expanding [22,23]. SDMs have been shown to perform well when modelling species from data-sparse countries with limited spatial
records [24], and when there are no up-to-date range maps and no local expert knowledge [25,26]. Users of SDMs are confronted with
a wide variety of options, and it is not generally evident whether selecting one choice over an alternative has a significant impact on
model execution. Among all the possible methods, Maximum Entropy (MaxEnt) has become the standard method of choice in many
studies due to its ease of use and robust predictions [20,27]; Phillips et al., 2006). Recently, SDMs have been used for IUCN (Inter-
national Union for Conservation of Nature) Red List criteria to create species range maps [24,28-31]. In addition, SDMs have been used
to assess the effectiveness of Protected Areas (PAs), and to establish new reserve networks to halt biodiversity decline [8,32].

Protected Areas (PAs) are key in reducing biodiversity loss and extinction rates. Currently, human activities and land-use changes
are the most powerful factors driving environmental changes and increasing rates of extinctions [33,34]. Previous conservation plans
aimed to halt this, such as the Aichi targets to protect 10% of marine and 17% of terrestrial’s lands by 2020 (an international agreement
adopted by the Convention Biological Diversity [CBD] in 2010). Species extinction rates are a thousand times higher than before the
Anthropocene [35], and to reduce these rates and protect biodiversity, wilderness areas and PAs are still the best way to support and
conserve high levels of species richness [36-38]. The current lack of PAs and loss of wild regions across the planet will have disastrous
consequences for accomplishing worldwide climate mitigation objectives [39,40].

In this study, we modelled the distribution of Gazella subgutturosa using MaxEnt [20]. We address the following objectives: 1) map
the distribution of Gazella subgutturosa based on current and future habitat suitability; 2) identify the most important climate refuges
for future conservation; 3) test the effectiveness of Iraqi PAs to conserve this species; 4) apply IUCN Red List criteria at a national scale;
and finally 5), add Iraq to the IUCN Red List map data for future global assessments.

2. Methods
2.1. Study area and species data

Iraq is located between 33.2° N and 43.7° E, and has a total area of 437,831 km? [12]. The climate is mainly subtropical semi-arid,
Mediterranean in the north and north-east [41]. During the last assessment by the Antelope Specialist Group in 2016, records from Iraq
were not included because it was not one of the countries noted as containing populations of this species [42]; perhaps there were just
no up-to-date information on this species in Iraq.

We carried out new surveys of Gazella subgutturosa in north-eastern Iraq, supported by The Rufford Foundation. The survey focused
on three main areas (around the towns of Kalar [Sulaymaniyeh Governorate], Kifri, and Khanaqeen [both Diyala Governorate]),
chosen because the opinions of local experts suggested that these were the best places for this species. We visited 33 locations in
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random order around the three towns over five different periods between March 2018 and April 2019, recording the presence/absence
of Gazella subgutturosa at least once in each location, “using both direct and indirect signs. Every survey day, were led by two groups of
2-5 people using two 4 x 4 vehicles. Ten expeditions were achieved in the spring of 2018 (March and April), 10 in the autumn of 2018
(October), and ten in the spring of 2019 (March and April). Because of the hot weather we avoided carrying out any surveys in the
summer season. Therefore, in total 8 weeks of survey done between 2018 and 2019, and every group were done between 5 and 12 km
walking in each day of survey looking for the Goitered gazelle”. This information is from Kaky et al., 2022 unpublished paper: we used
Garmin GPSMAP 78 Handheld GPS Units. We also used 7 records from the literature [14] and 3 records from online open resources
such as GBIF (www.gbif.org) to locate records in Iraq. In total, we noted 43 occurrence records for Gazella subgutturosa in Iraq (see
Fig. 1 A and B).

2.2. Current and future climate data

The environmental predictors used in this study comprised 19 variables downloaded from the WorldClime v2 dataset at a reso-
lution of 2.5 arc-minutes [43]; http://www.worldclim.org). We down-scaled the pixels for the current and future scenarios to a pixel
size of 4 km? in order to apply the IUCN Red List assessment, as recommended by IUCN guidelines [18]. We retained seven of the 19
environmental variables (see Table 1) after removing 12 to reduce the impact of collinearity, based on the Variance Inflation Factor
(VIF) calculated using the sdm package in R [44] (see Table 1).

To forecast the impact of future climate change on the distribution of Gazella subgutturosa in Iraq, the current prediction was
projected into two different future times (2050 and 2080) under two “representative concentration pathway” scenarios (RCP 2.6s and
RCP 8.5s). The future climate data came from the Intergovernmental Panel on Climate Change’s (IPCC) 5th assessment data [45,46],
downloaded from the WorldClim portal at the same resolution for two time slices (2050s and 2080s) under the two scenarios (RCP2.6s
and RCP8.5s): the data were generated by the UK Hadley Centre for Climate Prediction and Research (Hadgem2_es). Under the RCP2.6
climate scenario, we expect that the levels of CO; emission will not increase much because human population growth will be slower
and there will be fewer changes in land use. In contrast, under the RCP8.5 climate scenario, we expect a high level of CO, emissions
because of high human population growth and more changes in land use by the end of 2100 [47].

2.3. Ecological niche modelling

MaxEnt version 3.4.1 k (Phillips et al., 2006) was used to run the models because MaxEnt can produce reliable models using
presence-only data, even with relatively few records [8,20,48-51]. The default settings were used to create the models (i.e. 10,000
background points, 1000 iterations, cross-validation [K = 10] with 10 replications, and logistic output format). Model accuracy was
evaluated based on two statistics, the Area Under the Curve (AUC) [52] and the True Skill Statistic (TSS) [53]. AUC values range
between 0 and 1, with values close to 1 implying an excellent model, and values close to 0.5 meaning that the model is no better than
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Fig. 1. (A) Occurrence records of the species (43 records) (green dots) and red polygon show the survey areas; (B) Gazella subgutturosa from recent
field work 2018 © Najeeb Omar. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of
this article.)
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Table 1
Environmental variables used to run MaxEnt. The highlighted one were used after reducing collinearity using Variation Inflated Factors (VIF) to build
the model.

BIO1 = Annual Mean Temperature

BIO2 = Mean Diurnal Range (Mean of monthly (max temp - min temp))
BIO3 = Isothermality (BIO2/BIO7) (* 100)

BIO4 = Temperature Seasonality (standard deviation *100)
BIO5 = Max Temperature of Warmest Month

BIO6 = Min Temperature of Coldest Month

BIO7 = Temperature Annual Range (BIO5-BIO6)

BIO8 = Mean Temperature of Wettest Quarter

BIO9 = Mean Temperature of Driest Quarter

BIO10 = Mean Temperature of Warmest Quarter

BIO11 = Mean Temperature of Coldest Quarter

BIO12 = Annual Precipitation

BIO13 = Precipitation of Wettest Month

BIO14 = Precipitation of Driest Month

BIO15 = Precipitation Seasonality (Coefficient of Variation)
BIO16 = Precipitation of Wettest Quarter

BIO17 = Precipitation of Driest Quarter

BIO18 = Precipitation of Warmest Quarter

BIO19 = Precipitation of Coldest Quarter

random (Phillips et al., 2006). TSS values range between +1 and —1: values close to +1 mean excellent model performance, whereas
values close to —1 show model performance no better than random [53].

We classified each pixel of the MaxEnt habitat suitability maps into four categories: unsuitable (0-0.2), marginally suitable
(0.2-0.5), suitable (0.5-0.7), and highly suitable (0.7-1), following [54] and [5]. MaxEnt can also produce binary (suitable and
non-suitable) maps from probability maps by choosing a threshold. There are many approaches to selecting an appropriate threshold
based on the data and assumptions (see Liu et al., 2005). Here, we chose the “10% training presence”, following [48] and [55]; to
produce binary maps for each of the 10 replicates. We then created a single binary map by allocating ‘suitable’ to a pixel that had
‘suitable’ values in more than 50% of the model runs (i.e. >5 replicates) [36]. Potential habitat gains and losses under the different
climate-change scenarios could then be measured from the binary maps by subtracting the future from the current map (following [56,
57].

To measure the effectiveness of Iraq’s PAs in protecting and conserving Gazella subgutturosa, habitat suitability inside and outside
each PA was calculated for the current and future climate scenarios. Iraq has 23 PAs including some proposed ones, which cover about
1.5% of the terrestrial land surface of the country [12]. We excluded PAs that are lakes or dams, and also heritage PAs, because these
are unsuitable for Gazella subgutturosa, leaving 16 out of the 23 PAs. We then compared the mean habitat suitability inside and outside
each PA for current and the future scenarios. The paired inside-outside difference of each PA was calculated, and the differences
became the response variable of a Gaussian Generalized Linear Model (GLM) using scenario (RCP2.6s or RCP8.5s) and time (current,
2050s and 2080s) as predictors, as well as the interaction between the two (following [58], implemented in R 3.4.3 (R foundation for
Statistical Computing, Vienna, Austria, http://www.r-project.org).

2.4. IUCN Red List assessment

TUCN Red List Categories and Criteria [18] were applied for a regional assessment of the Gazella subgutturosa distribution under the
effect of climate change. We used a grid-cell size of 2 x 2 km (4 km?) following IUCN guidelines to calculate the Extent Of Occurrence
(EOO) and Area Of Occupancy (AOO) (for more details, see Refs. [18,59], using the current occurrence records and the binary pre-
sence/absence predicted maps for the future scenarios (see Ref. [24]. We used the Geospatial Conservation Assessment Tool (GeoCAT)
developed by the Royal Botanical Gardens at Kew to measure EOO and AOO (see http://geocat.kew.org/editor).

We estimated the number of “locations”, defined as “a geographically or ecologically distinct area in which a single threatening
event can rapidly affect all individuals of the taxon present” [18]. We consider illegal hunting to be the main threat to Gazella sub-
gutturosa, based on information from local authorities and the EPOG. In this study, the size of a ‘location’ was calculated based on the
area covered by the threat, and may include one or more sub-populations (for more details how to measure locations, see Ref. [18]:
60-61). The same calculation was applied to measure the number of locations from the current and future binary maps produced by
MaxEnt.

The use of EOO and AOO for Red Listing is based mainly on Criterion B (small geographic range) or Criterion D (a very small
geographic range). In this study Criterion B was used with two main sub-criteria: 1) ‘severely fragmented or number of locations’, 2)
‘continuing decline’, an explanation of the continuing threat of illegal over-hunting which leads to decline [24] (see Table S2.) It was
enough if one of the geographic-range metrics (EOO or AOO) met one of the appropriate criteria to classify the species, and then the
regional adjustment was applied as appropriate.

TUCN criterion A was used for assessments based on future scenarios, appropriate when species are predicted to lose large parts of
their ranges (IUCN, 2016), and particularly under category A3 for predicted population decrease. The generation time of Gazella
subgutturosa is 4.7 years (~5 years) [19], and thus all estimates of decline were scaled to the standard ten years [18]. The predicted
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Fig. 2. Response curves of the seven environmental variables (e.g. A Bio 12, B Bio 3, C Bio7, D Bio8, E Biol5, F Biol4, G Bio1l8) used in MaxEnt to

model the distribution of Gazella subgutturosa.
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change in habitat suitability was estimated based on the difference in EOO/AOO between the current and each future scenario,
expressed as a percentage and scaled to ten years. These percentages were then used to classify the species based on the IUCN Red List
Criteria, including the regional assessment (following [24]: LC = loss <30%, VU = loss >30%, EN = loss >50%, CR = loss >80% [18].
Finally, IUCN (2012) recommend comparing the global range of the species with the local range being assessed. For more details about
the Iraqi city locations, see Fig S3. All means are quoted with standard errors.

3. Results
3.1. Model performance and important variables

Model performance was good in terms of both mean AUC (0.93 + 0.07, with the difference between training and test values very
small at 0.009) and mean TSS score (0.51 + 0.08). Out of seven environmental variables, three were found to be important in shaping
the predicted habitat suitability of Gazella subgutturosa. These include two with high influence, Bio12 (annual precipitation) and Bio3
(isothermality BIO2/BIO7), while Bio7 (temperature annual range) played a minor role (Fig. 2 and Table S1). Based on the percentage
contribution and the permutation importance in the final model of MaxEnt, the relative influence of the three variables represented
more than 95% of model performance. The response curves show that the species can survive under annual precipitation between 200
and 600 mm, and mean temperatures between 30 and 42 °C (Fig. 2), i.e. semi-arid environments.

3.2. Current and future climate conditions

Based on the current predictions, habitat suitability for Gazella subgutturosa is highest between south Sulaymaniyah near to the
Zagros Mountains to the south-east of Diyala (Baqubah) towards the Iranian border to the east, and west towards Kirkuk (Fig. 3, Fig
S1). There are also some patches of suitability around Mosul in the north and Kut in the south east near the Iranian border (Fig. 3 & S1).
There are only slight differences under the future climate scenarios (Fig. 3 & S1), and the proportion of suitable habitat generally
(Fig. 4) and just within PAs (2.5%) remains the same for current and future maps. In term of gains or losses of habitat under future
climate scenarios, losses exceed gains except under RCP8.5 for 2080 (Table 2, Fig. S2) but the numbers are small.

3.3. Effectiveness of PAs

Most of the suitable habitat predicted by the models is located outside the PAs. This is not surprising because all the occurrence
records are located outside the PAs (see Figs. 1 and 3). There is no significant difference in mean habitat suitability inside PAs
compared to outside PAs under the current climate (mean [inside-outside] = —0.021, 95% confidence limits —0.069 to 0.023, paired
t = —0.91, df = 15, p = 0.38), and none of the future climate scenarios (RCP2.6 and RCP8.5 in 2050 and 2080) is any different
(F475 = 0.0001, n.s.).
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Fig. 4. Comparing the change in habitat suitability (km?) between current and future scenarios. The areas calculated were based on the pixel cells
located under each categories of suitability for each raster separately for current and RCP2.6 and RCP8.5 for 2050s and 2080s.
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Table 2

Gain and loss of habitat suitability of Gazella subgutturosa under future climate scenarios.
Time Gain km? Loss km? Unchanged km? Unsuitable km?
RCP2.6_2050 2196 2718 80802 361818
RCP2.6_2080 2556 3222 80298 361458
RCP8.5_2050 3204 3960 79560 360810
RCP8.5_2080 4662 2106 81414 359352

3.4. IUCN Red List assessments

Based on an AOO of 168 km? (Table 3), the assessment indicates that this species is locally Endangered (EN) in Iraq, but based on
the EOQ it is classified as Least Concern (LC) at 91,070 km? in Iraq. As there is no decline in habitat suitability into the future, the
MaxEnt models suggest that the species is also of Least Concern (LC) under all assumptions (Table 3). Nevertheless, the IUCN
guidelines recommend the worst case scenario be adopted when classifying a species, and therefore we classify the Goitered gazelle as
Endangered (EN).

4. Discussion

The Goitered gazelle (Gazella subgutturosa) is a globally declining species, with population decreases over the past couple of decades
estimated to be between 30 and 50% [42,60,61]. Conservation of the gazelle is important not only to protect this species, but also
because the species has a large influence in arid and semi-arid ecosystems on the development and maintenance of other plants and
animals (Svizzero, 2019). Understanding the true distribution and range of this species is crucial in order to mitigate its decline and
plan effective strategies to promote its survival into the future.

The distribution of Gazella subgutturosa in this study was highly influenced by two predictors; annual precipitation and iso-
thermality, with habitat suitability highest between 200 and 600 mm and 30-42 °C respectively. These ranges reflect a semi-arid
environment, and although the species mostly prefers plains, populations can survive at higher altitudes and under more continen-
tal climates [42]. According to the current and future predictions of habitat suitability under different climate-change scenarios,
Gazella subgutturosa could inhabit the entire north-east between Sulaymaniyah city and Baqubah city towards the Iranian border. This
result matches that of the last field survey and the IUCN Red List range map distribution [42]. The suitable habitat based on climate
consists of sites rich in shrubland, grasslands and semi-desert, which provide the ideal ecological characteristics for this species to
survive. These results are the first step for including Iraq in the IUCN range map for this species, as well as providing a vital expansion
to the IUCN SSC Antelope Specialist group data and range maps. This study also presents an opportunity to inform future field work
targeted at highly suitable areas with no occurrence records.

Although there was little difference in habitat suitability between the current and all four future climate change scenarios, some
losses and gains in suitability were seen across Iraq. The biggest change was seen under the RCP8.5 scenario in 2080, where there are
increases in both ‘suitable’ and ‘marginally suitable’ habitat compared to all other scenarios. Under this scenario the highest gains were
predicted in terms of absolute area (km?), and also the lowest losses. This suggests that even under the worst climate-change scenarios,
habitat suitability for the gazelle is relatively stable or will become even more suitable than current scenarios. Although many taxa are
predicted to be heavily impacted by climate change (Thomas et al., 2004; Ihlow et al., 2011), other studies have found high stability in
habitat suitability (Riordan et al., 2018) and increases in species richness [55] under severe climate change predictions. This offers a
potential glimmer of hope for the conservation of the gazelle, as climate change is unlikely to cause severe population reductions:
Gazella subgutturosa is able to survive in extreme heat and drought conditions because it has a number of physiological adaptations that
will allow it to cope with climate change [62]; Svizzero, 2019).

Most of the decline of Gazella subgutturosa is probably the result of direct human activity (Svizzero, 2019). Illegal hunting and
poaching is common in these areas, and gazelles are often killed for meat or as trophies. In addition, Gazella subgutturosa shares a very
similar niche to other domestic grazers, such as sheep, so are often hunted by herders to reduce competition for scarce food resources
(Xu et al., 2012; Svizzero, 2019). Herders are also keen to reduce the potential spread of disease and infection into their flocks.
Agricultural farmers are also likely to want to hunt the gazelle to protect their crops from grazing damage (Svizzero, 2019). The
establishment of new PAs is therefore a crucial step in protecting Gazella subgutturosa. All 43 occurrence records in Iraq were found
outside PAs, and the mean habitat suitability for the gazelle was no higher inside compared to outside PAs. PAs have proven successful
for the conservation of this species in other countries including Azerbaijan and Turkenistan, both of which have successfully increased
their populations of Gazella subgutturosa (Svizzero, 2019). Nevertheless, other studies suggest that PAs were not located in areas
suitable to conserve high gazelle densities (Durmus, 2010; [63]. Our study also suggests that new PAs should be established across Iraq
in other areas with higher numbers of gazelles, and our predicted distribution maps suggest suitable locations for them. In addition, as
the future habitat suitability is generally similar to the current suitability, the boundaries of PAs that are established now will need
relatively little adjustment over time in order to continue to conserve Gazella subgutturosa effectively in the future, regardless of the
climate-change pathway.

The IUCN Red List Categories and Criteria are recognized as the foremost system to categorise risks and threats to plant and animal
species globally [64,65]. Software such as GeoCAT [66] now offer open source, accessible tools to enable Red List assessments, and
have been used effectively to categorise multiple taxa [67,68]. IUCN Red List assessments based on the occurrence records and the
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Table 3
TUCN Red List assessments for Gazella subgutturosa based on occurrence records and under climate change scenarios. Based on the gap between the
scenarios, 10 years, and ~5 years.

Time EOO km? AOO km? TUCN Category and Criteria Assessment status
Current based on records 91,070.159 168 B2a, b(v) EN
Current based on model 205,113 92,800 A3c LC
RCP2.6_2050 201,569 92,220 A3c LC
RCP2.6_2080 191,903 92,060 A3c LC
RCP8.5_2050 196,393 91,960 A3c LC
RCP8.5_2080 191,240 95,640 A3c LC

current climate categorise Gazella subgutturosa as Endangered (EN). These results are the first to provide an IUCN estimate for Gazella
subgutturosa in Iraq, and help to fill in the information lacking from the last assessment. Our results suggest that the gazelle in Iraq is
significantly more threatened than the global population, which was only classed as vulnerable (VU). This further highlights the need
to add Iraqi Gazella subgutturosa population data to the IUCN range maps in order to improve their conservation and status.

The main limitation of this study was the shortage of records, a result of the conflicts of the past 40 years which have prevented
systematic surveys for biodiversity in Iraq. There is a lack of data on the gazelle inside Iraqi PAs, which if remedied would help future
studies. Lack of funds limited the amount of surveying we could do, and many areas were not safe to be visited by our team. The more
factors that can be included in SDMs (e.g. evolution, species interactions, dispersal, land use, and demography), the more accurate
their predictions can be, but this requires much more detailed studies of gazelle ecology and behaviour. Some of those factors
mentioned above not recommended when IUCN Red List assessment in process for more details see Refs. [29,30,69].

5. Conclusion

This study provides new information about the habitat suitability and distribution of Gazella subgutturosa in Iraq, lacking from
previous IUCN assessments. Although habitat suitability for the gazelle is predicted to remain relatively constant across time and
different climate-change scenarios, losses and gains in suitability were reported in various areas across Iraq. We highlight the
importance of establishing and maintaining new PAs in Iraq in areas with high densities of Gazella subgutturosa, because occurrences of
the gazelle were found mostly outside the current PA network, and habitat suitability for the gazelle was no higher inside PAs
compared to outside. Based on these new occurrence locations, an IUCN Red List assessment allowed the first classification of Gazella
subgutturosa in Iraq, found to be Endangered (EN). As well as providing new information and data for the IUCN SSC Antelope Specialist
group, these findings can help with the surveying, conservation and protection of Gazella subgutturosa in Iraq.
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