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Abstract. This study aimed to predict the potential distribution of Amygdalus scopar-
ia and the changes in its ecological dimension under climate change scenarios using
MaxEnt model in Iran. Species presence data, current climate data and different sce-
narios of CCM4 in 2050 and 2070 were used. Fars Province boundary and whole area
of Iran were considered as the modeling boundary and projection boundary, respec-
tively. The predictive power of the model was within acceptable levels (AUC = 0.88).
The Bio3, Biol5 and Bio4 variables had the greatest impact on predicting the potential
distribution of A. scoparia. The highest percentage of potential niche of A. scoparia will
occur in 2070 under RCP4.5 scenario (24.62%) in Fars Province. In Iran, however, the
highest (22.57%) and lowest (16.77%) potential niche of A. scoparia belong to current
and RCP8.5 scenarios in 2050. Amygdalus scoparia lacks specialization in Fars Prov-
ince, but the breadth of its ecological niche will be decreased in future and its distri-
bution will be limited in main mountain ranges, i.e., the Alborz in northern and the
Zagros in western Iran.

Keywords. Climate Change, Potential Distribution, Amygdalus scoparia, MaxEnt, Eco-
logical Niche.

1. INTRODUCTION

Wild almond (Amygdalus scoparia) is a distinct and well-known xerophyte
species in mountainous areas of Irano-Turanian floristic region. Large areas of
its stands are distributed over dry and hot mountains of central, eastern and
western Iran, Turkey, Afghanistan, Turkmenistan, and western Pakistan (Mo-
zaffarian, 2004). It is an upright broom-like shrub up to 3-4 m tall with non-
angled branches. The trunks of well developed individuals can be as thick as an
arm. In some localities, A. scoparia is the dominant element in the arid forest
ecosystems. It occurs most commonly above 1200 m altitude. The most elevated
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stands reach 2700 m (Browicz and Zohary, 1996). A. sco-
paria as a lithophyte plant grows on loose conglomerates
and limestone cliffs, loose volcanic rocks, crevices in rock
slopes and in clay and sandy soils in arid and semi-arid
mountainous regions where soils are very poorly devel-
oped. It is highly drought tolerant and play valuable role
in soil conservation, slopes stabilization and surface run-
off reduction in arid mountainous areas (Tavakoli Neko et
al., 2012; Abbasi, 2017). Furthermore, it is a pioneer spe-
cies that colonizes sites lacking developed soil and provide
favorable conditions for establishment of other species
through providing microclimate and coping with unfa-
vorable conditions in rock debris and stony slopes (Mor-
shedi and Koravand, 2016).

A. scoparia plays pivotal role in the livelihood of local
communities in arid mountainous regions of Iran. Local
people and rural villagers use its fruits, gum and also bark
and root for medicinal purposes. Furthermore, twigs are
used for making traditional homewares and handicrafts.
Wooden beams are used to build house and support roof.
Branches and boughs are cut for wood fuel usage. Char-
coal production is a major utilization of wild almond by
locals (Browicz and Zohary, 1996).

Degradation of habitats by anthropogenic and natu-
ral factors such as overutilization, grafting of cultivated
almond on the wild almond, insects and diseases out-
break, climate change, drought and fire are endangering
factors in A. scoparia habitats (Golestaneh et al., 2012).
Despite the tremendous importance of this species for
the livelihood and survival of local communities and
arid mountain forests health and production, overuse
during last decades was serious threats to survival and
regeneration of A. scoparia and has imposed intoler-
able pressure on habitats (Haidarian Aghakhani et al.,
2017). Moreover, outbreak of pathogenic agents such as
Wilsonomyces carpophilus and Biscogniauxia mediterra-
nea have brought about various diseases such as dieback
and decline, shot hole, canker and etc. on wild almond
(Mirabdollahi et al., 2019). Therefore, with regard to the
outstanding ecological and economic attributes of this
species in arid forests, it is necessary to provide favorable
conditions for sustainable exploitation of current habi-
tats and planning to expand its distribution in areas that
are potentially suitable for establishment. This can be
achieved through the study of the effects of destructive
human and natural causes such as climate change on it to
conserve and improve the economic, social and ecologi-
cal values of A. scoparia forests.

Climate change is one of the main drivers of plant
ecosystems distribution. Changes in plant species dis-
tribution within a specific ecosystem is also affected by
climate change (Pacific et al., 2015). Climate change can
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greatly impact biodiversity in ecosystems (Sintayehu,
2018). However, the effects of climate change on arid and
semi-arid ecosystems are more severe than humid and
semi-humid ecosystems (Grime et al., 2008). Since dis-
placement or alteration of species geographical distribu-
tion is one of the ways for resistance to climate change,
understanding the impact of climate change on species
potential distribution and mitigating its deleterious ef-
fects on biodiversity is necessary for management de-
cisions (Pressey et al., 2007). Plant species respond to
climate change in a variety of ways such as adaptation,
displacement in various directions and movement to
higher elevation and latitude to find suitable climates.
Local, regional, or global extinction is another response
of plants to climate change (Parmesan and Hanley, 2015).
Factors such as the genetic diversity of plant species, the
ability to adapt to the magnitude of climate change, and
the availability of space for species movement to other
micro-climates can influence plant species responses to
climate change (Loarie et al., 2009). Because of these dif-
ferences, plant species are not equally susceptible to cli-
mate change (Walther, 2010).

Recent conditions of climate change have taken the
plants, particularly the rare ones, to the brink of extinc-
tion (Deb et al., 2017). There is increasing evidence that
species are changing their distribution as a result of envi-
ronmental warming, particularly in montane ecosystems
and that organisms living at high altitudes are particu-
larly at risk because of their restricted climatic niches
and specific adaptations (Bennett et al., 2019). It has been
reported that average air temperature will rise between
1.69 and 6.88 °C in Iran by 2100 and climate is getting
warm across the country especially in spring and sum-
mer (Zarenistanak et al., 2014). The effect of rising tem-
perature on reducing current and potential distribution
range of species has been reported in several studies (Ves-
sella and Schirone, 2013; Al-Qaddi et al., 2016; Tarkesh
and Jetschke, 2016). For example, climate change has been
reported as a major factor in the decline of desirable habi-
tat of Ferula xylorhachis in northeastern Iran (Mazangi et
al., 2016). In a study by Sangoony et al. (2016) the optimal
habitat size of Bromus tomentellus decreased by more than
51% in scenario 2080. Haidarian Aghakhani et al. (2017)
reported a decrease of 43% and 59% in the area of A. sco-
paria habitat in Central Zagros Mountain, in Chaharma-
hal-e Bakhtiari Province, western Iran under RCP4.5 and
RCP8.5 scenarios by 2050. Moreover, among the studies
conducted from 2014 to 2018 on 37 species in Iran, about
81% of the studies indicated a decrease in the habitat size
and distribution area of species due to climate change that
reptiles followed by plants has shown highest declining
rate (Yousefi et al., 2019). Therefore, understanding the
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potential impacts of climate change on species distribu-
tion to ameliorate its destructive effects on biodiversity
is essential (Pressey et al., 2007). Consequently, predict-
ing the potential distributions of endangered species in
future climates can provide useful insights into their re-
sponses to climate change.

The use of species distribution models (SDMs) to pre-
dict the impact of climate change on species distribution
and ecological dimension has become common and an im-
portant tool for assessing the potential impacts of climate
change on plant communities (Sinclair et al., 2010). The
SDMs correlate the climatic conditions associated with the
species habitat to the observed presence areas of each spe-
cies, which is consistent with Hutchinson’s (1957) defini-
tion of species’ environmental niche (Bellard et al., 2016).
In other words, ecological niche models try to simulate the
climatic nesting of a species using environmental variables
and mathematical algorithms and present it geographical-
ly on a map (Mckenney et al., 2007). The predictions made
by these models provide the basis for conservation plan-
ning decisions, so these models are useful for important
decisions in ecological issues (Guisan and Zimmermann,
2000; Upson et al., 2016). In addition, General Circulation
Models (GCM) have been developed as reliable and pow-
erful tools to enhance understanding of climate change
impacts and improve the ability to predict future climate
patterns (Potta, 2004). The RCPs (Representative Concen-
tration Pathways) are climate change scenarios that have
been developed based on various input variables such as
the amount of greenhouse gas emissions due to population
growth and the economy of different countries, the level
of used technologies, land use changes and environmental
policies to be used in GCM models. The RCPs reflect the
trends of different concentrations of greenhouse gases in-
cluding carbon dioxide, vapor, nitrogen oxides, methane
and ozone (Pachauri et al., 2014).

Due to the value of A. scoparia forest in Iran, vari-
ous studies have been carried out to recognize its eco-
logical needs, to model its distribution and to predict the
impact of climate change on its distribution in different
parts of Iran (Salarian et al., 2008; Goodarzi et al., 2012;
Tavakoli Neko et al., 2012; Piri Sahragard et al., 2017;
Haidarian Aghakhani et al., 2017). However, there is lit-
tle information on how the size and extent of A. scoparia
forests vary in facing of climate change. Therefore, this
study aimed to predict the current potential distribution
and the changes of potential ecological niche of A. sco-
paria under the climate change scenarios using MaxEnt
model in Iran. Based on the literature review, this study
is the first of its kind that models current and future
distribution of A. scoparia under different climate sce-
narios across Iran.
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2. MATERIALS AND METHODS
2.1 Study and projection areas

In this study, Fars Province boundary and whole area
of Iran were considered as the modeling boundary and pro-
jection boundary, respectively (Fig. 1). Fars Province is lo-
cated in southern part of the Zagros Mountains and in Ira-
no-Turanian floristic region. The climate of Fars Province
is semi-arid with average annual temperature and rainfall
of 18 °C and 307 mm, respectively (Arvin and Shojaeeza-
deh, 2014). The average air temperature in the southern and
northern parts of Iran ranges from 25 to 40 and 10 to 20
°C, respectively. Although there is considerable variation in
temperature and precipitation across the country, the aver-
age annual precipitation is about 240 mm (Alizadeh, 2010).

2.2 Recording presence points of A. scoparia

First, pure habitats of A. scoparia were identified in
Fars Province. Then, geographical coordinates of 200 pres-
ence points of A. scoparia were recorded using the GPS in
2017-2019 period. The presence points were identified by
locating quadrats along four sampling lines (sample lines
were perpendicular to each other) (Fig. 1). The distance
between sample lines was 1000 m according to habitat
conditions and vegetation changes. In order to avoid spa-
tial autocorrelation, the presence points were considered
one kilometer apart. So that, only one presence point was
recorded in each 1 Km? network (Shrestha et al., 2018).
Quadrat size was determined 25 m? by the minimal area
method according to species characteristics (Piri Sahra-
gard et al., 2017).

oo 200008 T

Modeling boundary
N N

Projection boundary

1,250

A 320
I < m I

Fig. 1. Fars Province with the presence points of Amygdalus scopar-
ia (left) and whole area of Iran (right).
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2.3 Climate variables

The CCM4 model available in the Worldclim cli-
mate database was used for modeling of climate change
(Hijmans et al., 2005). In this model, there are four cli-
mate change scenarios from optimistic to pessimistic for
2050 and 2070. These scenarios include RCP2.5, RCP4.5,
RCP6 and RCP8.5. Current climate data were used to es-
timate the current distribution area of A. scoparia. This
information was obtained from the interpolation of the
geographical position of all meteorological stations in
1950-2000 period. Before entering the input variables
into the model, the correlation between them was cal-
culated and the variables with high correlation (high-
er than 0.85) were not entered into the model. Table 1
shows climate variables used in the study along with
their range of changes and measurement units. Due to
the necessity of the variables being identical in all mod-
eling scenarios, the same scenarios were used to general-
ize the modeling results.

2.4 Modeling current and future potential distribution and
analyzing the importance of variables

Modeling the potential distribution of A. scoparia un-
der current conditions and climatic scenarios of RCP2.6;
RCP4.5; RCP6 and RCP 8.5 was performed for 2050 and
2070 using the MaxEnt model (Phillips et al., 2006). In
this study, 70% of the data were considered for training
and 30% for test. The maximum iteration of the model run
was assumed 1000 to achieve proper convergence. Model
validation was performed using the area under the curve
(AUC) of ROC function. The Jackknife test was used to de-
termine the importance of environmental variables. This

Tab. 1. Variables, units and range of change in Fars Province.

Variable Title Range of Unit
change
Bio3  Isothermality (BIO2/BIO7) 32-43 Dimensionless

Temperature Seasonality

Bio4 (Standard Deviation) 5784-9017 Degrees Celsius

Biol3 Precipitation of Wettest 7.6 Millimeters
Month

Biold Precipitation of Driest 0-2 Millimeters
Month

. Precipitation Seasonality .

Biol5 (Coeficient of Variation) 79-126 Fraction

Biol7 Precipitation of Driest 0-17 Millimeters
Quarter

Biolg  Frecipitation of Coldest oo Millimeters

Quarter
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method has acceptable accuracy for assessing the impor-
tance of variables (Verbyla and Litvaitis, 1989).

2.5 Selecting the threshold limit of species presence

The TSS statistic was used to determine the optimum
threshold for presence of the species and to identify the
point of distinction based on sensitivity (SE) and specific-
ity (SP) values in R 3.1.1 software; then prediction map of
presence-absence of species was prepared. The TSS statis-
tic is one of the appropriate statistic to determine the op-
timum threshold of presence. Independency of the model
sensitivity to species prevalence is main reason for choos-
ing this method (Allouche et al., 2006). For this purpose,
10,000 background absence points and presence points as
well as the predicted value for these points were used. After
applying the optimum threshold limit on species distribu-
tion map, calculations of changes in potential niche area
of species were performed using ArcGIS 10.2 software. As-
sessment of threshold value for separation of presence and
absence data including Correct classification, Misclassifi-
cation, Sensitivity, Specificity, False positive rate and False
negative rate was performed in SPSS 20 software.

2.6 Quantifying the dimensions of ecological niche

Statistical values of habitat overlap showing the extent
of overlap between ecological niches as well as breadth of
niches representing specialist and generalist were calculat-
ed in ENMtools 1.3 software. Overlap analysis of ecologi-
cal niches was performed using two indices of Schoener’s
D (Schoener, 1968) and Hellinger’s I (Warren et al., 2008).
Habitat overlap indices range from 0 to 1 (Mirshamsi,
2013) whose high values mean complete overlap and low
values mean less overlap of ecological niches. Breadth in-
dex of ecological niche was measured with Levin’s Bl and
B2 (uncertainty) indices (Levin, 1968). The values for these
indices also fluctuate between 0 and 1, with values close
to zero meaning specialist and values close to 1 meaning
generalist (Vorsino et al., 2013).

3. RESULTS
3.1 Evaluating accuracy of the prediction models

As noted, the AUC was used to evaluate the accuracy
of the prediction models. The AUC which is derived from
the ROC diagram is a quantitative indicator for showing
the performance and predictive power of the model. Ver-
tical axis indicates the sensitivity (true positive) and the
horizontal axis shows the specificity (false positive) in the
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AUC curve. According to Swets (1988) classification (Ap-
pendix 1), the AUC values indicated acceptable accuracy
of prediction models in training and test phases in this
study (AUC = 0.88).

3.2 Analyzing the significance of climatic variables and
response curves

Investigating the importance of variables using the
Jackknife test showed that Bio3, Biol5 and Bio4 variables
had the most effects on habitat distribution of A. scoparia
(Fig. 2). The Biol9 had the least effect on the prediction
model of species distribution. Interpretation of the re-
sponse curves of A. scoparia to each of these variables
showed that by increasing the value of Bio3 variable the
suitability of the habitat is decreased and consequently
the probability of species presence decrease. Accordingly,
the highest rate of habitat suitability and thus the highest
probability of occurrence for this species is in areas with
isothermal value between 31 and 34. On the other hand,
by increasing the Biol5 variable (seasonal precipitation co-
efficient) up to 85, the habitat suitability can increase and
thus the probability of species presence increase. However,
by increasing the value of this variable to over 85, habi-
tat suitability and species probability decrease (Appendix
2). Investigating of the species response curve to change
in Bio4 variable (seasonal temperature variations) also
indicates that by increasing the value of this variable up
to 6500 will increase habitat suitability and increase the
probability of species presence. But a further increase in
this value can reduce habitat suitability and thus reduce
the likelihood of species presence probability.

3.3 Prediction map of potential and current distribution of
species in Fars Province and Iran

Prediction map for potential distribution of A. sco-

paria in current scenario is presented in Fig. 3. On this
map blue color states high probability and brown color

Jackknife of AUC for Amy_1

Withoutvariable =
With only variable ®
With all variables ®

0.45 0.50 0.55 0.60 0.65 070 0.75 0.80 085 0.80

Fig. 2. Jackknife test results to determine the importance of envi-
ronmental variables in Amygdalus scoparia habitats.
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Fig. 3. Prediction map for potential distribution of Amygdalus sco-
paria in current scenario in Fars Province and Iran.

presents low probability. Accordingly, the most favorable
areas for species presence in Fars Province are in the west-
ern, southeastern, and northern regions of the province
(left map). Studying the potential distribution range of
A. scoparia in Iran showed that the species has the abil-
ity to grow in northwest, north, northeast and along the
Zagros Mountains to the north of Bandar Abbas City in
southern Iran. In general, the northern parts of the coun-
try are more favorable for the establishment of the species,
and the potential distribution of the species in this area is
higher than in other parts of the country.

Examination of potential distribution changes of A.
scoparia under climate scenarios of 2050 and 2070 showed
that in central parts of Fars Province which are not suit-
able for the species at current scenario will have the poten-
tial for species presence in 2050 under RCP4.5 and RCP8.5
scenarios. In the case of RCP 8.5 scenario occurrence,
parts of south-east, south and south-west of Fars Province
that have high potential for species presence in RCP2.6
and RCP4.5 scenarios will face a decline in suitability
and thus a decrease in potential for the species distribu-
tion. The 2070 map shows that under the RCP2.6, RCP6
and RCP8.5 scenarios, the central area of Fars Province
is still unsuitable for species distribution. In the RCP4.5
scenario, large portions of the province will have potential
for species presence, which is similar to the results for the
RCP4.5 scenario in 2050 (Fig. 4). Modeling the potential
distribution range of the species in Iran also showed that
in 2050 under the RCP4.5 and RCP6 scenarios some parts
of the south and south of the country will have potential
for species presence. As temperatures rise in 2050 and
move toward a pessimistic scenario, the range of species
distribution will be reduced and the potential distribu-
tion of species will be limited to the western and north-
western parts of the country. In 2070, by moving from an
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RCP 2.6 RCP 4.6 RCP 8.5

Fig. 4. Potential distribution of Amygdalus scoparia in different sce-
narios of 2050 and 2070 in Fars Province.

"RCP6

RCP 2.6

Fig. 5. Potential distribution of Amygdalus scoparia in different sce-
narios of 2050 and 2070 in Iran.

optimistic scenario to a pessimistic scenario the potential
distribution range of the species will extend to eastern
and southeastern regions of the country in addition to the
western and northern parts (Fig. 5).

3.4 Dimensions of ecological niche of species

The results of investigating of niche breadth index in
different scenarios showed that the highest niche breadth
in Fars Province was at RCP4.5 scenario. This increase in
niche width is line with the increase in the potential dis-
tribution of species (Fig. 6). The lowest niche breadth in
Fars Province was related to the RCP6 scenario in 2070
(Table 2). In this scenario, large areas in the center of the
province lack the potential for species presence, which has
reduced the ecological niche breadth of the species. The

2050

HSM
- unsuitable 410

D suitable

~ RCP4.6 ' CP 6

RCP 2.6

Fig. 6. Prediction binary map of potential climatic niche of Amyg-
dalus scoparia under different scenarios in Fars Province.

Tab. 2. Breadth changes of Amygdalus scoparia niche based on rel-
evant metrics used in climatic scenarios.

Scenario, Fars Province Iran
Year B1 B2 B1 B2
Rep2.6, 2050 0.57 0.96 0.32 0.93
Rep2.6, 2070 0.55 0.96 0.34 0.93
Rcp4.5, 2050 0.75 0.98 0.37 0.94
Rcp4.5, 2070 0.74 0.98 0.35 0.93
Rcp6, 2050 0.61 0.97 0.35 0.93
Rep6, 2070 0.54 0.96 0.35 0.94
Rcp8.5, 2050 0.70 0.98 0.31 0.92
Rcp8.5, 2070 0.60 0.96 0.36 0.93
Current 0.71 0.98 0.35 0.93

results of the potential distribution range of the species in
Iran showed that the highest and lowest extent of niches
belong to the RCP4.5 and RCP8.5 scenarios, respectively,
in 2050. This is in consistent with the potential distribu-
tion maps of the species in 2050.

The overlap rates of A. scoparia ecological niche based
on I and D indices in Fars Province and Iran are presented
in Tables 3-6. In Fars Province, the highest rate of niche
overlap was 0.86 which calculated between RCP6, 2050
and RCP2.6, 2070 scenarios. The overlap value for the
mentioned scenarios was 0.98 based on I index. The low-
est value of niche overlap in Fars Province was calculated
0.63 for the scenarios of RCP8.5, 2050 and RCP2.6, 2050
(Appendix 3). The overlap value of these two scenarios was
0.84 based on I index (Appendix 4).

In Iran, over 50% overlap among all the scenarios
was observed. The highest overlap of niches currently was
with the RCP2.6 scenarios for 2050 and 2070. The lowest
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Tab. 3. Overlap of ecological niches of Amygdalus scoparia based on D index in Iran.

Species 2.62050 2.62070 4.52050 4.52070 6.2050 6.2070 8.52050 8.52070 Current
2.62050 1 0.85 0.77 0.75 0.84 0.72 0.71 0.78 0.86
2.62070 X 1 0.80 0.79 0.87 0.78 0.75 0.81 0.85
4.52050 X X 1 0.78 0.82 0.72 0.74 0.81 0.85
4.52070 X X X 1 0.82 0.77 0.76 0.84 0.77
6.2050 X X X 1 0.77 0.77 0.83 0.85
6.2070 X X X X X 1 0.72 0.77 0.72
8.52050 X X X X X X 1 0.74 0.74
8.52070 X X X X X X X 1 0.77
Current X X X X X X X X 1
Tab. 4. Overlap of ecological niches of Amygdalus scoparia based on I index in Iran.

Species 2.62050 2.62070 4.52050 4.52070 6.2050 6.2070 8.52050 8.52070 Current
2.62050 1 0.95 0.91 0.89 0.94 0.87 0.87 091 0.96
2.62070 X 1 0.93 0.93 0.96 0.91 0.90 0.94 0.95
4.52050 X X 1 0.91 0.94 0.87 0.90 0.92 0.96
4.52070 X X X 1 0.94 0.91 0.91 0.95 0.90
6.2050 X X X X 1 0.90 0.91 0.95 0.95
6.2070 X X X X X 1 0.86 0.92 0.87
8.52050 X X X X X X 1 0.89 0.90
8.52070 X X X X X X X 1 0.91
Current X X X X X X X X 1

overlap with an index value of 0.71 was found between the
RCP2.6, 2050 and RCP8.5, 2050 scenarios (Tables 3 and 4).
According to the results of I index, the highest overlap of
ecological nests was 0.96 which related to the RCP2.62070,
RCP6 2050, RCP4.52050 and current scenarios. According
to this index, the lowest value of overlap between the dif-
ferent scenarios was 0.87 (Appendix 5).

3.5 Selecting the optimal threshold and evaluating the
accuracy of prediction models

The appropriate threshold value was calculated 0.51
based on TSS statistic. Then, the accuracy of the classifi-
cation of presence and absence data was evaluated with
regard to threshold value by the statistic presented in Tab.
5. This indicates that resulting threshold had suitable dis-
criminatory ability to distinguish presence and absence
of species in the classification of species presence and ab-
sence. Because by considering optimum threshold of 0.51,
the model’s ability to detect species presence and absence
was greater than 0.80. In other words, the prediction mod-
el was able to correctly predict 85% of species presence
(Sensitivity = 0.85). Species absence was predicted with an

Tab. 5. Statistic of evaluating the accuracy of prediction model after
applying threshold value.

Lower bound Upper bound

Statistic Value

(95%) (95%)
Correct classification 0.83 0.82 0.83
Misclassification 0.16 0.16 0.17
Sensitivity 0.85 0.79 0.89
Specificity 0.83 0.82 0.83
False positive rate 0.17 0.16 0.17
False negative rate 0.15 0.10 0.19

accuracy of 0.83 (Specificity = 0.83). In total, 83% of the
used points were classified correctly. Misclassification of
the presence and absence points was 16%.

3.6 Final maps of species potential distribution in different
climatic scenarios

In Fars Province, large portions of the province were
identified unsuitable by applying threshold limit derived
from the RCP2.6 scenario in 2050. In this scenario, a lim-



124

2050

HSM

[ 2.500
I

1 suitable

Ldl, * ok GRS
RCP 2.6

Fig. 7. Prediction binary map of potential climatic niche of Amyg-
dalus scoparia under different scenarios in Iran.

ited portion (4.41%) of the province will have the potential
to accept the species (4.41%). The highest area (23.33%)
of the province that have the potential to accept the spe-
cies in 2050 belongs to the RCP4.5 scenario. The results of
the applying scenarios in 2070 also largely coincided with
2050. The largest area of the species potential habitat in
2070 will be under the RCP4.5 scenario (24.62%) in the
province (Fig. 6). In whole country of Iran, the highest
extent (22.57%) of habitat occupation will occur in 2050
under the RCP4.5 scenario. In 2050, in addition to north-
ern parts of Iran, the south and southwestern parts of the
country around Khuzestan Province will potentially have
a species presence. But in later scenarios, the potential
distribution of the species will be reduced. The lowest ex-
tent of potential distribution in 2050 will occur under the
RCP8.5 scenario (16.77%) (Fig. 7).

Table 6 shows the changes in the area of desirable hab-
itats under species occupation in different scenarios along
with the occupancy rate. In the scale of Iran, the largest
area that can be potentially occupied by species is related
to the current scenario (22.5%). The lowest potential occu-
pation will occur in the RCP8.5 scenario in 2050 in Iran.

4. DISCUSSION

Climatic variables are the most important controller
of species distribution (Guisan and Zimmermann, 2000)
in terrestrial ecosystems. They have a direct influence on
the behavior and physiology of plants. Temperature is the
most important driver among the climatic factors in spe-
cies distribution, in particular. They can largely affect the
plants, as they cannot evade adverse climatic conditions
by sheltering or migrating (Hirzel and Le Lay, 2008). In
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Tab. 6. Changes in the area of desirable habitats of Amygdalus sco-
paria under different scenarios in Fars Province and Iran.

Area in Fars

. . % of Area in Iran % of

Scenario Province . 2 .
(Km?) occupation (Km?) occupation

2.62050 10374.50 8.44 297702.01 18.34
2.62070 5423.58 4.41 298744.30 18.44
4.52050 28652.21 23.33 365594.15 22.57
4.52070 30234.71 24.62 323839.93 19.99
62050 10138.52 8.25 302383.39 18.67
62070 2986.27 2.43 300007.54 18.52
8.52050 18756.17 15.27 271112.44 16.73
8.52070 21316.22 17.36 331563.08 20.47
Current 21266.31 17.32 365303.01 22.55

other words, the spatial distribution of each plant species
depends on its range of tolerance to climatic factors, eco-
logical niche, and its biological interactions (Pearman et
al., 2008). A decrease in the area of a species habitat due
to climate change is one of the factors that can affect spe-
cies survival in ecosystem (Lavergne et al., 2006; Becer-
ra-Lépez et al., 2017). In fact, due to the species’ need for
moisture and temperature, climate change can affect the
geographical range of species distribution. In this study,
the potential impacts of climate change on the potential
distribution of A. scoparia and its ecological dimensions
in Fars Province and Iran were investigated using the
MaxEnt model for the first time.

Model accuracy evaluation with the AUC statistic in-
dicated acceptable performance of the prediction model
(AUC = 0.88). It has been reported that the value of AUC
statistic in the MaxEnt model is mostly affected by the
extent of ecological niche of plant species. The prediction
performance of the MaxEnt model is excellent for spe-
cies with small ecological niches (Zare Chahouki and Piri
Sahragard, 2016). As discussed before, A. scoparia has
tiny ecological niche. Numerous studies have reported
that the MaxEnt is a suitable method for modeling plant
species distribution due to its special features such as high
prediction performance with low sample size (Pearson,
2007), lack of over-fitting (when wrong prediction of ab-
sence is zero and there are no in overestimation error or
error in presence prediction) (Williams, 1995; Tibshirani,
1996), being generative and productive and ease of use by
experts and users (Phillips et al., 2006). Because of these
capabilities, the successful application of this method in
modeling species geographical distribution, tolerance of
species to environmental variables, conservation of spe-
cies niche, identifying areas for conservation priority and
logical estimation of species niche even with low sample
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size have been reported (Suarez-Mota et al., 2016; Antun-
ez et al.,, 2018).

The largest potential habitats of A. scoparia are located
in the eastern, southeastern, western and northern parts in
Fars Province at the present time. Large parts of Iran in-
cluding northwest, north and north-east are potentially
capable to support the species. It has the ability to settle in
these areas provided other conditions to be favorable. Over-
all, the northern parts of Iran are more favorable for the
establishment of the species especially in terms of climatic
conditions. This part of the country is more likely to be oc-
cupied by A. scoparia than other parts. Currently, total area
of A. scoparia habitats in Fars Province and Iran is 21266.31
km? (17.32% of the province total area) and 365303.01 km?
(22.55% of the country total area), respectively.

Analysis of relative importance of A. scoparia habitat’s
variables showed that the Bio3, Bio4 and Biol5 variables
had the most influence on species distribution and habi-
tat suitability determination. These variables can provide
useful information on the habitat distribution of this spe-
cies; whereas the Biol9 variable had the least effect in this
respect. Therefore, model run only with this variable is not
useful for estimating the distribution of the species under
study. The most suitable habitat and thus high probabil-
ity of species presence are in areas where the Bio3 variable
(isothermal) is about 31 to 34 °C, Biol5 variable (seasonal
rainfall) with coefficient of variation between 80 and 90;
and the Bio4 variable (seasonal temperature) with stand-
ard deviation between 6000 and 7000. Any increase in the
values of these variables to higher amount will result in
lower habitat suitability and thus lower probability of spe-
cies presence in these areas. Annual temperature and rain-
fall have been reported as important variables affecting
the occurrence of A. scoparia. This species is more likely to
occur in areas with temperatures of 24 to 26 °C and annual
rainfall of 400 to 600 mm (Haiydariyan Aghakhani et al.,
2017). In total, isothermal, seasonal rainfall and seasonal
temperature variables accounted for a significant percent-
age of changes in species distribution, and have the high-
est contribution in determining habitat suitability for A.
scoparia.

The use of overlap and ecological niche breadth indi-
ces provides complete insight into the status of plant spe-
cies (Wan et al.,, 2017). In the modeling process, the use
of niche measurement indices enables researchers to judge
about the ecological niche of a species based on the input
variables to the model (Suarez-Mota et al., 2015). If the spe-
cies ecological niche is large, it can be considered equiva-
lent to the suitable conditions based on the variables used.
The value represented by the metrics used indicates the
degree of overlap that has been happened with regard to
the variables used in modeling. Considering the climatic
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variables used in Fars Province based on niche breadth
criteria, the highest niche breadth was in the RCP4.5 sce-
nario in 2050, which is consistent with the findings from
the distribution area. The highest niche size of the species
was in the RCP4.5 scenario of 2070, which is justified by
findings for distribution area. The highest niche overlap of
species was observed between RCP2.6 in 2070 and RCP6
in 2050 according to D and I indices in Fars Province.
Because 86% of habitats in these period are considered as
common. In Fars Province, ecological niches overlap was
greater than 50% in most of the studied scenarios. This
indicates that with the change in temperature in different
scenarios, the occupation of the new area will be accom-
panied by including of the old areas. On the scale of Iran,
results indicated the same situation. Consequently, most
climate nests of A. scoparia will be located in areas that
has been previously occupied by other scenarios in future
climate change scenarios.

Modeling of current and future potential distribution
of A. scoparia showed that some parts at the center of Fars
Province that do not currently occupied by the species will
have potential suitability under the RCP4.5 and RCP8.5
scenarios in 2050. By 2070, a large proportion of the prov-
ince will have a potential for species presence (24.62%) in
the RCP4.5 scenario in 2050. Due to the limited range of
climatic factors affecting the habitat suitability of the spe-
cies resulting narrow niches of A. scoparia, high fluctua-
tions of the effective climatic variables can lead to loss of
potential habitat suitablility. It has been reported that fail-
ure to adapt to the prevailing environmental conditions in
an area and thus having limited habitat can ultimately lead
to species extinction (Pressey, 2007). It should be noted
that fluctuations in climate variables can even affect the
suitability of habitats where species are currently available.

Although the generation of binary maps from continu-
ous probabilistic maps has been criticized due to some lim-
itations in evaluating the accuracy of probabilities predict-
ed by the model (Vaughan and Ormerod, 2005; Freeman
and Moisen, 2008), these maps can be used to evaluate the
predictive validity of the model as well as in practical pro-
jects (Jimenez-Valverde and Lobo, 2007). According to the
binary maps of suitability, the highest habitat area for oc-
cupation of species will be occurred under the RCP4.5 sce-
nario in 2050 and 2070 in Fars Province (23.33 and 24.62%
of the province total area), respectively. In the scale of Iran,
the highest and lowest areas that potentially can be occu-
pied by species was allocated to the current and the RCP8.5
scenarios, in 2050, respectively. In other words, the spe-
cies have the largest potential habitats in current climatic
conditions. The current potential distribution range of the
species is limited to the northeast, northwest and western
regions (around the Zagros Mountains) in Iran. Results of
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species distribution changes in 2050 showed that under the
RCP2.6 scenario the extent of habitat of the species will ex-
pand to the south of the country due to favorable climatic
conditions, and species distribution range will decrease by
moving to pessimistic scenarios. With the use of pessimis-
tic climate scenarios, the areas in the southeastern part of
the country will have high potential for species distribution
due to favorable climatic conditions by 2070. Our results
revealed that the trend of potential niche changes in A.
scoparia will not be linear with the change in scenarios of
temperature rise. Consistent with the findings of this study,
the expansion of potential areas for species establishment
under the influence of RCP and RCP8.5 climate scenarios
in the western Himalayas has been reported by Thapa et al.
(2018). In fact, with increasing temperature and stress to
plants, their ability to survive in drier, warmer and mini-
mum conditions of its favorable distribution range will
decrease (Allen and Breshears, 1998). Therefore, organiz-
ing strategies for the conservation and restoration of forest
ecosystems under short and long terms niether guarantee
species survival nor distribution (Antunez et al., 2018).
Given the adverse ecosystem conditions in arid forests of
the Fars Province and the unique habitat conditions of A.
scoparia, these issues should be considered by planners and
authorities in the conservation, exploitation, and develop-
ment programs.

In general, it seems that the central regions of Fars
Province are not suitable for the presence of species due to
lower altitude and consequently higher temperatures even
under different climatic scenarios. In eastern, southeast-
ern, western and northern parts of Fars Province suitable
climatic conditions and other environmental factors such
as elevation, physiographic and soil characteristics meet
the ecological needs of the species, thus have more poten-
tial for species establishment. It has been reported that cli-
mate change can affect the spatial distribution of species
through expansion of suitable potential habitats toward
highlands (Thuiller, 2007; Bellard et al., 2013). In addition
to climate change, other factors such as infrastructure de-
velopment, human intervention and land use change can
also lead to species migration to higher altitudes (Shrestha
et al., 2018). In the case of A. scoparia, the results of pre-
vious studies indicate that in addition to climatic factors,
altitude, physiographic characteristics, soil physical char-
acteristics such as sand percentage and type of geologi-
cal formation are the most important factors in limiting
the presence of A. scoparia (Salarian et al., 2008; Tavakoli
Neko et al., 2012). For example, the highest probability of
A. scoparia presence in different parts of Iran is at an al-
titude of 1500 to 2150 m above msl and the presence of
species outside this elevation range is severely restricted
(Tavakoli Neko et al., 2012).
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5. CONCLUSIONS

Local authorities have started a rehabilitation and con-
servation program to recover degraded habitats and relicts
of A. scoparia stands in Fars Province, Iran. They aim to
extent the area of current habitats to larger size. Under-
standing potential impact of climate change on current and
potential distribution areas of A. scoparia is major require-
ments to implement rehabilitation and conservation prac-
tices in the habitats. The findings of this research provide
significant implications for the understanding of how and
to what extent the spatial distribution of A. scoparia affected
by the variations of environmental and climatic variables.

Our study showed that most of the potential habitats
of A. scoparia in Fars Province and Iran belong to current
scenario. However, in some areas potential habitat expan-
sion or contraction will occur in future climate scenarios
in both Fars Province and Iran. The relationship between
temperature rise in climate scenarios and the spread of spe-
cies ecological niches is not linear. Clearly, an increase in
the area of potential habitats with favorable climatic condi-
tions will expand habitats of this species in the future. Fol-
lowing the expansion of A. scoparia habitats in Fars Prov-
ince and Iran in future, sustainable forest ecosystems in
these areas will be provided in addition to reduction in soil
erosion and land degradation. However, it should be noted
that the presence of a plant species in an area is resultant of
numerous environmental variables including soil, geologi-
cal formations, land use, ecological demands of the species
and etc. Therefore, these variables along with climatic vari-
ables must be considered in identification of potential de-
sirable areas for the establishment of the species.

Various actions must be undertaken by the local au-
thorities to promote the conservation of A. scoparia in
Fars Province as well as Iran. Enhancing the position of
local communities and utilizer groups in conservation
of habitats, creating alternative livelihoods for utilizer
groups to provide sustainable income for them and reduce
their forest dependency, development of ecotourism in
wild almond forest in order to introduce the importance
of such species to the people, introducing modern utili-
zation methods to the utilizer groups, manual seeding of
wild almond seeds in degraded habitats to enhance its nat-
ural regeneration, and finally prohibit of grafting domestic
almond on the rootstocks and twigs of wild almonds by
farmers and utilizers are some actions that we recommend
to be implemented by the local authorities.
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Appendix 1. Classification of the Area under the Curve of the ROC
curve (Swets, 1988)

Coeflicient class Range
Poor 0.50-0.70
Acceptable 0.70-0.90
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Appendix 2. The value of the AUC for the ROC curve for training
and test data in maximum entropy prediction model.

Appendix 3. Overlap of ecological niches of Amygdalus scoparia
based on D index in Fars Province.
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Appendix 5. Response curves of ther most important variables in
the habitat of A. scoparia.

Species 2.62050 2.62070 4.52050 4.52070 6.2050 6.2070 8.52050 8.52070 Current
2.62050 1 0.78 0.72 0.74 0.80 0.73 0.63 0.83 0.74
2.62070 X 1 0.72 0.75 0.86 0.82 0.69 0.77 0.74
4.52050 X X 1 0.81 0.76 0.68 0.78 0.75 0.81
4.52070 X X X 1 0.79 0.70 0.79 0.77 0.77
6.2050 X X X X 1 0.80 0.72 0.81 0.78
6.2070 X X X X X 1 0.65 0.71 0.72
8.52050 X X X X X X 1 0.66 0.72
8.52070 X X X X X X X 1 0.74
Current X X X X X X X X 1
Appendix 4. Overlap of ecological niches of Amygdalus scoparia

based on I index in Fars Province.

Species 2.62050 2.62070 4.52050 4.52070 6.2050 6.2070 8.52050 8.52070 Current
2.62050 1 0.96 0.90 0.92 0.96 0.94 0.84 0.97 0.93
2.62070 X 1.00 0.93 0.95 0.98 0.97 0.90 0.96 0.94
4.52050 X X 1.00 0.95 0.94 0.91 0.95 0.92 0.96
4.52070 X X X 1.00 0.95 0.92 0.94 0.93 0.94
6.2050 X X X X 1.00 0.96 0.90 0.97 0.95
6.2070 X X X X 1.00 0.87 0.94 0.93
8.52050 X X X X X X 1.00 0.86 0.91
8.52070 X X X X X X X 1.00 0.93
Current X X X X X X X X 1.00
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