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Abstract: Acer monspessulanum (Montpellier Maple) is an important deciduous tree species native to
the Mediterranean region. It is largely distributed in the southern part of western Europe; however, it
is geographically less present in north Africa and western Asia. The effects of the most significant
environmental variables for its habitat suitability, and climate change, are unclear in terms of the
future changes to its distribution. The objective of the present study was to model the current and
future geographical potential distribution of the Montpellier Maple in the Mediterranean basin and
West Asia using maximum entropy modeling software (MaxEnt). The value of the Area Under
the Curve (AUC) of MaxEnt was used to analyze the model’s performance. More than 5800 well-
distributed presence points, elevation, slope, aspect, topographic wetness index (TWI), natural
vegetation characteristics from MODIS products, and 19 bioclimatic variables were used to conduct
the study. Regarding the projections of the species distribution under climate change, 17 global
climatic models were used under two RCP scenarios (4.5 and 8.5) for the 2040-2060 and the 2060-2080
time periods. The results show that temperature seasonality (40% contribution to the model), elevation
(33.5%), mean annual temperature (6.9%), mean annual precipitation (6.2%), and max temperature
of the warmest month (4.5%) were identified as the primary factors that accounted for the current
distribution of the Montpellier Maple. Under the climate change scenarios, MaxEnt predicts a large
decrease in the species suitability area, with a shift towards the southwestern regions of the species
distribution, especially to the mountainous zones of the Moroccan Atlas. Our results show that
climate largely limits the distribution of the Montpellier Maple in the Mediterranean basin, as its
change in the future is expected to significantly reduce the suitable area by more than 99% from
the historical climate conditions, to reach only 16,166.9 and 9874.7 km? under the moderate RCP4.5
and extreme RCP8.5 scenarios, respectively, by the end of the 21st century. Our study can provide
a good view of the future changes in the distribution of Montpellier Maple for its protection and
sustainable management.

Keywords: Acer monspessulanum L.; MaxEnt; climate change; modeling; species distribution; Mediter-
ranean

1. Introduction

Ecosystem disturbance, habitat loss, anthropic behaviors, locality degradation, and
climate change are the major factors that affect natural species distribution [1-4]. Envi-
ronmental variables such as climate characteristics, field parameters, and edaphic state
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play a key role in influencing living organisms” habitat preferences and shifts in occurrence
by triggering the species’ sustainability needs (nutrient availability and stability) [5-11].
Habitats of different plant species are always related to external changes such as biotic
stress and human activities, and abiotic parameters such as climatic conditions [5,8,12-17].

The environmental variables can affect ecosystems and species of the same ecosys-
tem differently [6,10,18,19]. The reaction of plant species to exogenous factors can af-
fect all of their existence due to either inter-specific competition or inadequate overall
conditions [6,13,14,20,21]. Assessing species disturbance in relation to environmental vari-
ables is becoming more and more important, especially with the considerable climate
change effects. To do so, plant species distribution models have been used in different
study areas and fields [22-28]. Species modeling was initially based on the presence-
absence approach [4,29], but regarding the low accuracy and the hard work needed to
obtain accurate data, maximum entropy models such as the MaxEnt model have been
used to measure potential species distribution in relation to environmental variables from
restricted occurrence sampling based only on presence points [30].

The MaxEnt model is usually used to measure and predict rare and endangered
plant species in a restricted niche distribution [3,23,28,31-34]. However, studying common
species distribution and future changes is important in measuring the global effects of
future climate change [15,35,36]. The last IPCC report [37] insisted on assessing the effects
of human activity, and induced climate change will have more severe effects on species
distribution and ecological patterns, especially in the Mediterranean area.

A common native Mediterranean species, the Montpellier Maple [38], was chosen
for this study to measure the current distribution in relation to environmental conditions
and to predict future potential ranges. The choice of the species was based on: (1) the
specificity of the Mediterranean basin as a biodiversity hotspot [16,17,37,39-41]; (2) the
wide distribution range of the species; and (3) the ecological importance of the species.
The Montpellier Maple is a native tree species threatened by a multitude of environmental
variables such as grazing and fires. The species has a shallow distribution in the eastern
part of the Mediterranean and in north Africa, where it is considered a protected species, as
is the case in Tunisia [38,42].

The main objective of this study was to assess the Montpellier Maple’s current potential
distribution, and the effects of future climate scenarios on the species distribution using
the MaxEnt software for maximum entropy modeling. This work will help identify the
environmental conditions that best affect the potential distribution of the Montpellier Maple
and understand how climate change may affect the future potential distribution area of
this native Mediterranean species.

2. Materials and Methods
2.1. Species Description and Study Area

The Acer (Maple) genus is widely distributed in the Northern Hemisphere, containing
around 143 mainly broad-leaf species [43]. Montpellier Maple (Acer monspessulanum L.) is
native to the Mediterranean region and wildly distributed in South Europe, North Africa,
and the Middle East regions. It is a highly adaptative tree with a good capacity for drought
tolerance. The species prefers limestone and calcareous soils with southern slopes from 300
to 1800 m above sea level (m.a.s.1.) [44-47]. The Montpellier Maple (Figure 1) is a deciduous
Mediterranean tree with an average height of 4-5 m, dark brownish bark, three lobbed
coriaceous leaves, and samara fruits. It is a slow-growing tree, generally with multiple
stems [46,48]. The Montpellier Maple can be used for gardening, wood products, and
traditional medicine (as a laxative, for digestive issues, foot pain, and relieving cough) [49].

The study area covers approximately 20 million square kilometers (19.9 million km?)
and encompasses the global distribution habitat of natural observations of the Montpellier
Maple around the Mediterranean basin (north [27°57’; 55°38' N. lat.] and east [-9°91’;
58°59" E. long.]; Figure 2). The chosen area encompasses the Mediterranean and the Middle
Western Asian regions.
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Figure 1. The Montpellier Maple (Acer monspessulanum) in its natural habitat: (A) whole tree;
(B) samara fruits; (C) leaves; and (D) bark aspect. Photos were taken by Hamdi Aouinti in Djebel
Serj, Tunisia.
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Figure 2. Study area: distribution area and presence points of the Montpellier Maple.

2.2. Data

The species presence point data were retrieved from the GBIF database (www.gbif.org).
The considered species layer is the Montpellier Maple distribution between 300 and 1800 m
of altitude as mentioned on the IUCN Red List website. The presence point data set was
cleaned considering the above elevation range as a threshold. In the case of Tunisia, where
the species is considered to be rare, we completed the database using points obtained
during our fieldwork. Only one observation point was considered by pixel to limit the
heterogeneity of the species distribution as recommended by [33,50]. After cleaning, a total
of 5810 presence points were used for running the model (Figure 2). The main presence
of the species is observed in the northern areas, especially in Spain, France, and Italy. The
presence of the species is narrow in Asia and, especially, in the north African regions
where it is only observed in mountainous areas. Climate data were downloaded from the
Worldclim database (www.worldclim.org) with resolution of 30 Arc Seconds. Nineteen
bioclimatic variables [51] were considered to study the current species distribution. Only
nine of these were selected to run the future model simulations. For the future climate
projections, we used the Coupled Model Intercomparison Project—Phase 5 (CMIP5) data
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obtained from 17 global climate models (GCMs) and 2 Representative Concentration
Pathway scenarios (moderate RCP 4.5 and extreme RCP 8.5 scenarios). Bioclimatic indexes
(Table 1) were considered instead of monthly climatic data due to their accuracy and the
irregular characteristics of the monthly data [21].

Table 1. Selected environmental parameters used to run the MaxEnt model: source, abbreviations,

and units.

Data Source and Category = Variable Description Unit

FAO global Harmonized Elevation Elevation m

. Slope Slope Degree
World Soil Database
Topographic data Aspect Aspect Degree
TWI Topographic Wetness Index

MODIS TC Tree Cover . Z/o

Vegetation data NTC Non-Tree Vegetation Yo

8 NV Non-Vegetation Y%

BIO1 Annual Mean Temperature °C

BIO2 Mean Diurnal Range (Mean of monthly °oC

(max temp-min temp))
. Temperature Seasonality (standard
Bi V\i(.)rldc.hrg BIO4 deviation x 100)
loclimatic data BIO5 Max Temperature of the Warmest Month °C
BIOS Mean Temperature of the Wettest oC
Quarter
BIO12 Annual Precipitation mm
BIO14 Precipitation of the Driest Month mm
BIO15 Precipitation Seasqn;%hty (Coefficient of mm
Variation)

BIO19 Precipitation of Coldest Quarter mm

The elevation, slopes, and aspect were extracted from the digital elevation model
(DEM) obtained from the FAO global Harmonized World Soil Database v 1.2 [52]. To
take into account the soil water content, we used the topographic wetness index (TWI)
considered as a proxy for the soil moisture conditions [53]. In addition to the topographic
and climatic data, we used three MODIS vegetation data representing the tree and non-tree
vegetation and bare soil percentages. The data pixel dimension used for this study was
30 Arc Seconds (1 km) in order to maximize the number of environmental data sets and, at
the same time, have an accurate resolution to study the potential species distribution.

2.3. Variables Selection

To select the best environmental data sets to run the model on the minimum variable
base, we extracted all used variables’ values to the presence point layer. Population distri-
bution of the species localities by class variables, a correlation matrix between variables,
box plots, Student’s t-test, and descriptive statistics were carried out using the R (x64 4.0.3)
software (R Core Team, Vienna, Austria). For all correlated variables with a correlation
index greater than 0.8, only one variable was left (Figure 3), as it is recommended to use
non-correlated parameters for MaxEnt modeling [54].

In total, 16 variables were selected and classified into three types: 4 topographic vari-
ables, 3 vegetation variables, and 9 bioclimatic variables (Table 1). Low and no significant
correlation between selected topographic and bioclimatic variables were found considering
the presence point of the Montpellier Maple, which implies the use of those two sets of
variables in the modeling of its suitable areas. Moreover, several studies [31,55,56] predict-
ing suitable distribution areas using the MaxEnt model use bioclimatic variables coupled
with topography in model fitting and analysis.
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Figure 3. Correlation matrix of the used environmental variables of the reference period. See Table 1
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for the description of the variables.

2.4. MaxEnt Modeling

MaxEnt, or Maximum Entropy Species Distribution Modeling software, is an open-
source computer program that runs through the JAVA language and uses presence-
only records to model the distribution of a species in relation to the environmental
variables [30,54,57]. The model is used worldwide to assess the geographical distribu-
tion of birds, animals, aquatic life, and plants [57]. The software uses only presence records
to model the distribution of a species [22]. It estimates the distribution rate of species based
on decreasing the entropy between the estimated probabilities derived from presence data
and environmental variables [22,54].

2.5. Model Application and Data Analysis

In our MaxEnt models, 70% of presence data were used for the model training while
30% were used as testing data. Jack-knife analyses were performed to estimate the im-
portance of every variable. The AUC values were used to estimate model performance.
AUC values range from 0 to 1: AUC < 0.5 suggests random prediction, an AUC value be-
tween 0.5 and 0.7 indicates poor performance, an AUC value between 0.7 and 0.9 indicates
moderate performance, and AUC > 0.9 indicates high performance [22,29,58]. Potential
species habitat-suitability classes, as explained by Yang et al. [59], were used to display the
potential distribution area and to compare the further distribution ranges of the species
(Table 2).
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Table 2. Classes of habitat suitability used to identify the potential and future species’ probability of
distribution, based on the recommendations of Yi et al. [3].

Habitat Suitability Class Probability of Distribution Combined Classes
Class 1: Unsuitable [0.0-0.2] Unsuitable 1
Class 2: Barely suitable [0.2-0.4] nsuitable classes
Class 3: Suitable [0.4-0.6]
Class 4: Highly suitable [0.6-0.7] Suitable classes
Class 5: Extremely suitable [0.7-1.0]

A 20,000-background-point value was used. As background points are considered
like pseudo-presence data, and we aimed to estimate the potential range of the species,
in a range larger than the current distribution area, it is recommended to use a higher
background point than presence point [30]. Future projections were performed using each of
the 17 climatic models, two scenarios, and two projected periods (2040-2060 and 2060-2080)
separately. The averages of the resulting projections and the changes observed between
the MaxEnt simulations were used to perform statistical analysis as advised for climatic
modeling [41]. The resulting maps of the potential distribution were classified into 5 classes
of suitability according to the recommendations of Yi et al. [3]. We used the 0.4 threshold to
identify two classes of unsuitable areas (unsuitable and barely suitable classes) and three
classes of suitable areas (suitable, highly suitable, and extremely suitable classes; Table 2).
For the comparison of the mean values of environmental variables between the different
suitability classes, we extracted all the used variables’ values to the presence point layer. All
the data analysis and statistics were carried out using the R (x64 4.0.3) software.

3. Results
3.1. Model Fitting Results

Our model showed high predictive accuracy with an AUC value above 0.9, indicating
that the model is highly reliable as it is significantly higher than a random prediction. It

performs better than random models in predicting the habitat suitability of the Montpellier
Maple (Figure 4).

Sensitivity vs. 1 - Specificity for ACER

Training data (ALUC = 0.8903) =
Testdata (AUC=0.902) =
| Random Prediction (AUC=0.5) ®

Sensitivity {1 - Omission Rate)
o= o= = o= = =
(5] (] E=N (&, [=7] -l

[=]

ry
T
1

[=]
[=]
T
1

I I I I I I I 1 1 I I
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 049 1.0
1 - Specificity (Fractional Predicted Area)

Figure 4. MaxEnt model performance for the Montpellier Maple (the Area Under Curve (AUC)
parameters show an excellent performance with a value higher than 0.9).

The model was then used to compare the current distribution to the projected predic-
tions of climate change. Temperature seasonality (BIO4) makes the greatest contribution
to the model, followed by elevation, annual mean temperature (BIO1), annual precipita-
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tion (BIO12), and max temperature of the warmest month (BIO5). These factors have a
cumulative contribution rate of greater than 90% (Figure 5).
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Figure 5. Importance of the considered environmental parameters on the performance of the Max-
Ent model.

Considering the importance of the contribution of each parameter on the species
distribution, the permutation percentage, as explained by Elith et al. [54] and Merow
et al. [30], reveals the amount of data contained in one parameter and not explained by the
other parameters. The MaxEnt model shows that the temperature seasonality and elevation
effects on the modeling of the Montpellier Maple distribution are the most remarkable.
The modeling results showed that elevation explains almost the majority of the species
distribution with a permutation importance of about 44.4%. This can be explained by the
selected threshold of the species distribution elevation, which varies from 300 to 1800 m.
Considering the potential parameters revealed by our model, studying the distribution of
these parameters regarding the field’s current distribution could reveal for us the species’
preferences. The jack-knife test (Figure 6) also demonstrates the importance of each variable
on the training gain of the species distribution modeling.

Jackknife of regularized training gain for ACER

Without variable ®
With only variable ®
- With all variables ®

Aspect
BIO1 [
BlO121
BIC14T
BIO1&T
BlO19T
BlO2[
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Environmental Variahle

Elevation |
MonTreeVegetation |
MonVegetation |
Slopel
TWIT

TreeCover[

0.4 06 08 1.0
regularized training gain

=
[=]
(=]
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-
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Figure 6. Jack-knife test for measuring the importance of each environmental parameter on the
predicted distribution of the Montpellier Maple using MaxEnt.
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3.2. Current Potential Distribution

The current habitats of the Montpellier Maple and its current suitable potential distri-
bution area were predicted for the current bioclimatic conditions (Figures 2 and 7).

-—

B coend b
A

Probability of distribution

0-0.2 0.2-0.4 0.4-0.6 0.6-0.7 0.7-1

I
]

500 250 O 500 Kilometersiy
-

Figure 7. The current predicted distribution of the Montpellier Maple by class of suitability.

Using the 0.4 threshold (Table 2) to identify the potentially suitable areas, the model
predictions resulted in less than five percent of the studied territory as being suitable areas
(4.8%). These areas are distributed on suitable, highly suitable, and extremely suitable areas
of 478,832, 293,429, and 176,846 km?, respectively. In contrast, the largest predicted area is
classified as unsuitable (91.8%) and barely suitable (3.45%). The suitable areas are mainly
located in the central and eastern Iberian Peninsula, the Pyrenees Mountains, southern
France, central Italy, Sicily, and the edges of the Adriatic and Aegean Seas. For the North
African region, the mainly suitable areas are located in the Rif and Atlas Mountains in
Morocco, between the Tell and the Auras Mountains in Algeria, and in the Dorsal and
Kroumerie Mountains in Tunisia. In the Middle East, the most suitable areas are located in
the northern edges of Turkey, the Lebanon Mountains, and the southwestern edge of the
Caspian Sea. As expected, the main species’ suitable habitats are mountainous areas.

To verify the significance of differences between the different suitability classes of the
current Montpellier Maple potential distribution, a Student’s t-test was run to perform a
means comparison. Our results reveal highly significant differences (p < 0.001) between
the distribution suitability classes, except for the tree cover, non-vegetation, slope, and
longitude, which showed significant (p < 0.01) and non-significant differences. These low
and non-significances indicate the little importance of these parameters in the modeling of
the species distribution, with a cumulative contribution lower than 5%. A matrix comparing
the mean values of environmental parameters of the observed distribution and the modeled
suitability classes was derived to verify the sensitivity of our model in estimating each
parameter (Table 3).

Considering the 0.4 threshold to define the suitable classes, the most influencing
environmental conditions estimated by the MaxEnt model were analyzed. The elevation
range for all classes is between 466.4 and 799.4 m, with a mean of 489.8 m and an optimum
range higher than 764.5 m. For the suitable classes, the elevation was about 776.6 m,
with higher values for the extremely suitable area, whereas the estimated elevation for
the unsuitable classes remains below the observed values. The estimated mean annual
temperature (BIO1) varies between 2.16 and 14.5 °C, with an optimal range between 9.7 and
14.5 °C and a mean of 12.92 °C. Based on the model estimation, the preferred temperature
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seasonality (BIO4) range for all the classes is between 614.6 and 852.6, with an optimum
range between 614.6 and 629.4 and a mean of 621.6 for suitable classes. The temperature
seasonality variability means for suitable classes fit remarkably within the temperature
seasonality range of observed point. For the annual precipitation (BIO12) and the maximum
temperature of the warmest month (BIO5), the model estimates a mean of 459.2 mm and
30.27 °C, respectively, with a range between 428.7 and 825.7 mm for BIO 12 and between
26.4 and 30.6 °C for BIO5. The optimum values are between 727.6 and 772.3 mm for BIO12
and 26.8 and 27.5 °C for BIOS.

Table 3. Matrix of means environmental parameters based on the observed data, the predicted actual
distribution, and the suitability classes.

Observed Mean of Mean of
Mean Distribu-  Unsuitable Suitable Class 1 Class 2 Class 3 Class 4 Class 5
tion Classes Classes
X 29+67 195 £13 42+28 287+£193 102+133 7.1+126 3.7+9.54 1.7 £ 6.47
Y 42,6 £2.5 42 £ 0.6 417 £0.1 415+882 423+462 41.6+341 41.7+249 4151272
Elevation 7393 £327 601.1+1904 776.6£19.7 4664566 7357355 76454335 766+ 310 799.4 £ 350
Slope 14.8 £ 22 5+4 10.7 £ 3.4 21+102 78 £17.7 9.7 £19.7 78 £17.7 14.5 £ 219
Aspect 180.2£103 1776 +51 181.8+25 17394107 181.1+108 181.6+107 179.3+105 184.3+ 101
TWI 11.6 £3.4 13.7 £ 1.1 124 £ 0.8 144+223 129+£3.07 126+£327 129+£3.11 11.5+£3.37
TC 282+189 189 =*11.6 247 +£1.6 10.6 £17.2 27 £234 249 +21.7 231+£19 262 £18.2
NTV 55.6 £ 16 464 +9.1 58 £2 399 +£288 52.7+20.1 56 + 18.3 59.9 £16.3 58 +15.1
NV 16 £11.7 34.8 £20.7 172+ 17 494 £ 35 20.1 +16.4 19 £13.9 169 £ 11 15.7 £ 10.7
BIO1 11.3£1.8 119+13 11.6 £0.1 128 £638 109 +£3.06 11.5+227 116 +£1.7 11.7 £ 1.63
BIO2 10+ 1.6 10.5+£0.8 10.1 £0.3 11 +£2.55 9.8 +1.81 9.8 +1.78 10 +1.79 104 +1.74
BIO4 623 + 56 751.3+£1433 621.6 74 852.6 =224 6499+651 6294+55 620.8+449 614.6+439
BIO5 26.8 £2.6 285+3 272 +£03 306 £7.15 263 +427 268+347 271+£26 274 +£249
BIO8 9.8 +3.2 11+3.2 95+ 04 13.2 +5.49 8.7 £4.48 9.1 £3.83 9.4 +3.18 9.9 +2.83
BIO12 7784 £ 215 627.2+280.7 741.3+£269 4287 +£314 8257 £323 7723 £269 7239 +222 727.6 +202
BIO14 348 +184 265=£119 30.8 £ 04 181+£193 349+261 304+203 307+£173 313+177
BIO15 28.8 + 13 40.6 £7.5 32326 458 +£252 3524193 351+£151 31.7+11.8 2994123
BIO19 205.7+704 180.7+945 20924178 113.84+893 2475+116 2293 +99 2029+759 1953 +61
3.3. Suitability Distribution in the Future
Shallow projected potential suitable areas for Montpellier Maple are expected to
remain under future climate conditions regardless of the climate scenario and the studied
time periods (Table 4).
Table 4. Matrix of percentages of suitability class distribution and changes in suitability in the actual
distribution classes to the projected distribution classes under the future climatic conditions. The
heading 4.5bi50 is the RCP 4.5 scenario for the 2040-2060 time period; 4.5bi70 is the RCP 4.5 scenario
for the 2060-2080 time period; 8.5bi50 is the RCP 8.5 scenario for the 2040-2060 time period; 8.5bi70 is
the RCP 8.5 scenario for the 2060-2080 time period.
Suitability Class (%) History 45bi50 45bi70 85bi50 85bi70
Class 1 % of the total area 91.80 97.27 + 0.65 97.41 £ 0.92 97.64 = 0.81 98.24 £1.09
Class 2 % of the total area 3.45 2.65 + 0.63 2.51+£0.88 229+0.78 1.71 £ 1.08
Class 3 % of the total area 2.40 0.07 £+ 0.03 0.07 £ 0.05 0.06 £ 0.03 0.05 £ 0.04
Class 4 % of the total area 1.47 0.01 £0.00 0.01 £ 0.00 0.01 £0.00 0.00 £ 0.00
Class 5 % of the total area 0.89 0.00 + 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00
Remaining Suitable areas (%) 0.09 £ 0.02 0.08 & 0.02 0.07 £+ 0.01 0.05 +0.01
Total Suitability loss (%) 99.91 £ 0.64 99.92 £ 0.90 99.93 £ 0.00 99.95 £ 1.08
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Table 4. Cont.

Suitability Class (%)

History 45bi50 45bi70 85bi50 85bi70

Changes (%)

Class 1 to Projected class 1
Class 1 to Projected class 2
Class 1 to Projected class 3
Class 1 to Projected class 4
Class 1 to Projected class 5
Class 2 to Projected class 1
Class 2 to Projected class 2
Class 2 to Projected class 3
Class 2 to Projected class 4
Class 2 to Projected class 5
Class 3 to Projected class 1
Class 3 to Projected class 2
Class 3 to Projected class 3
Class 3 to Projected class 4
Class 3 to Projected class 5
Class 4 to Projected class 1
Class 4 to Projected class 2
Class 4 to Projected class 3
Class 4 to Projected class 4
Class 4 to Projected class 5
Class 5 to Projected class 1
Class 5 to Projected class 2
Class 5 to Projected class 3
Class 5 to Projected class 4
Class 5 to Projected class 5

0.09 +0.10 0.08 £ 0.05 0.07 &= 0.05 0.14 +0.23
0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00
0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00
0.00 & 0.00 0.00 + 0.00 0.00 & 0.00 0.00 & 0.00

0.18 = 0.11 0.16 £+ 0.14 0.12 £ 0.11 0.17 £ 0.17
0.00 £ 0.01 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00
0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00 0.00 £ 0.00

0.05 &+ 0.05
0.02 £ 0.05

0.05 + 0.04
0.02 £ 0.04

0.05 & 0.04
0.01 £ 0.02

0.02 + 0.03
0.00 £ 0.01

0.06 & 0.09 0.06 + 0.08 0.05 & 0.07 0.01 &+ 0.02

Loss
Gain
Remaining

Under the moderate RCP4.5 scenario, 99.91% of the currently suitable areas are ex-
pected to disappear, while this percentage is expected to reach 99.95% under the extreme
RCP8.5 scenario by the end of the 21st century (2060-2080 period). The highly and ex-
tremely suitable classes are expected to completely disappear in the future (less than 0.1%).
For example, from the current 176,846 km? of extremely suitable area for the species distri-
bution, only 850.4 km? remains considering the RCP 4.5 climatic scenario for the 2040-2060
period, whereas this area will be restricted to only 129.6 km? under the RCP 8.5 climatic
scenario for the 2060-2080 period. Results in Table 4 show that only some pixels have
gained suitability status by changing into higher suitability classes. These changes are
very minor and are more remarkable for RCP 4.5 than RCP 8.5, and for the 2040-2060
period than the 20602080 period. Regarding suitability class changes (Figure 8, Table 4),
migrations from one class to another are predicted to be the same regardless of the climatic
scenario and the chosen period, although some slight differences occur, especially for the
number of unchanged pixels (Table 4); as an example, only 0.05% to 0.33% of the extremely
suitable class will persist under future projections.

Remarkably, the suitability loss will become more effective under the RCP 8.5 scenario
and more for the 20602080 period than the 2040-2060 period. The results show that the
majority of suitable classes will change to the unsuitable class, except for some cases where
they change to the barely suitable class. Moreover, Table 4 shows that some suitable classes
will gain some areas from the lower suitability classes, but always at a slow change rate.

As a result of the above-described changes under the projected climate conditions, the
centroids of the different suitability classes are expected to show important spatial shifts
(Figures 8 and 9).
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Figure 8. Changes in each suitability class in the future climatic conditions considering the 2 RCP
scenarios 4.5 (A) and 8.5 (B) and the 2 time periods 2040/2060 (I) and 2060/2070 (II). C1, C2, C3,
C4, and C5 are the suitability classes of the actual distribution. C1P, C2P, C3P, C4P, and C5P are the
suitability classes for future distribution. Changes from classes C3, C4, and C5 to C1P and C2P show
suitability losses.
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Figure 9. Shifting in the centroids of suitability classes of Acer monspessulanum between actual and
future predictions (the shifting direction is explained by the sense of the arrows and the dotted lines).

Modeling shows a migration of suitable classes of species distribution from the north-
west of the Mediterranean Sea to the Rif and Atlas Mountain chains in Morocco, and a
migration of unsuitable classes to Northeastern Spain. The few extremely suitable areas
expected to remain will migrate from north-eastern Spain to the High Atlas Mountains,
regardless of the projections. The class of highly suitable areas will migrate to a restricted
location between the Middle and the High Atlas Mountains, except for the RCP 8.5 sce-
nario under the 2060-2080 period where it will migrate to the northern edges of the Rif
Mountains. For the suitable class of distribution, it will migrate to an area between the
Rif and the Middle Atlas Mountains. The barely suitable class centroid is predicted to
migrate from north-eastern Italy to north-western Spain and more to the western parts of
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Spain for the RCP 8.5 scenario, while the unsuitable class centroid will persist in the central
Mediterranean area (Figure 8).

4. Discussion
4.1. Current Potential Distribution

The relationship between species and the environment is an important aspect of study-
ing ecological needs and spatial distribution of species [3]. With a suitability range higher
than 0.4 as an optimum, considering the environmental variables and classes observed
in Figure 7, the optimum elevation range is higher than 764.5 m, which is close to the
observed values. Moreover, the estimated optimal slope range between 9.7° and 14.5° is
highly consistent with the observed conditions, where the majority of trees are observed to
be in a slope range between 0 to 20 degrees. The optimum temperature seasonality (BIO4)
ranges between 614.6 and 629.4, with an observed mean of 623. For the annual precipitation
(BIO12), the optimum values are between 727.6 and 772.3 mm, and the majority of observed
habitats are located in the range of 700 and 900 mm, with a mean of observed precipitation
of about 778 mm. The optimum range of the BIO5 climatic variable is estimated between
26.8 and 27.5 °C, which is consistent with the observed range between 26 and 27 °C. This
observed accordance between the estimated distribution of the species and the observed
field parameters confirms the quality and the capacity of the model in estimating the distri-
bution of the Montpellier Maple in its natural range. By analyzing the species distribution
compared to field parameters, we found that the majority of tree stands are located in areas
with a maximum of 20% bare soil and with a predominance of shrub lands. Moreover, the
species occurrence decreases with higher tree cover areas. Those analyses can be validated
by the fact that the Montpellier Maple prefers shrublands and forest edges areas with good
light exposure [60]; however, our model predicts that vegetation parameters have a very
minor influence on the distribution of the species, considering that the contribution to the
used model does not exceed 5% of all variables. Our results also show that there is no
significant effect of vegetation parameters on the current predictions of the Montpellier
Maple suitable areas or on the differences between classes of suitability.

4.2. Suitability Distribution in the Future

Under different climate scenarios, the location of the suitable distribution areas for the
species is predicted to shift from south-eastern Europe to the North Africa region, especially
the Rif and Atlas Mountains in Morocco. Regarding the jack-knife test results (Figure 6),
the distribution of the species is revealed to be mainly influenced by the elevation and the
temperature seasonality, with a 73.5% cumulative contribution to the species distribution.
Results in Figure 6 show that temperature seasonality contributes to 40% of the species
distribution and elevation is the most influencing parameter on the species modeling, since
it has a permutation value of 44.4%. Our results showed that the species prefers areas with
moderate to low deviations in temperature, which could explain its future spatial restriction
concerning the potential climate changes of the Mediterranean region [37]. Regarding
elevation range variation within the future climate change scenario, our study revealed
an increase in the optimum range between the current and future conditions. The suitable
areas for species will be higher and more restricted. As an example, the species’ highly
suitable areas will be limited to an elevation range between 1677 and 1784 m under the
RCP4.5 scenario in the 2060-2080 time period (Figure 10), while its predicted optimum mean
elevation for the current conditions ranges around 799.4 £ 350 m. The results of this study
are consistent with those of other studies showing that climate warming causes species to
migrate to higher altitudes [3,13,32,61,62]. Although the species-suitable area will be limited
to higher altitudes, it is observed to be restricted to the elevation threshold of the actual
species range. Those results are in accordance with the work of He et al. [63], who predicted
that suitable areas for alpine vegetation will shift from the lowest and highest elevations and
be limited to a suitable range between 4500 and 5000 m. Moreover, Jiang et al. [56] found
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that the future potential distribution of three Fritillaria species will shift towards higher
altitudes without exceeding the actual optimum elevation range of the species.
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Figure 10. Changes in the altitude range of modeled actual and future distribution by class of
suitability. C represents classes of suitability; 4.5 and 8.5 represent RCP 4.5 and RCP 8.5, respectively;
bi 50 represents the bioclimatic condition of the period 2040-2060; bi 70 represents the bioclimatic
condition of the period 2060-2080; and C1, C2, C3, C4, C5 represent class 1, class 2, class 3, class 4,

class 5 of suitability.
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The Montpellier Maple suitable area is predicted to lose more than 99% of its value,
decreasing from 4.76% to 0.05% of the total study area under the RCP 8.5 scenario for
the 20602080 time period. According to, Khan et al. [55] future suitable areas of Pinus
gerardiana Wall. will shrink by more than 94% under the RCP 8.5 scenario for the 2060-2080
period. Moreover, Fyllas et al. [64] predicted the loss of suitable areas of several tree species
in Greece under future climate conditions, with the highest suitability loss estimated under
the RCP 8.5 scenario. They predicted that Fagus sylvatica L. will lose more than 93% of its
suitable area in future conditions.

The estimated changes in the potential distribution of the species are more revealed in
the RCP 8.5 scenarios than the RCP 4.5 scenarios and for the 2060-2080 time period than
in the 2040-2060 time period. Those changes have the same tendency as the bioclimatic
parameters’ changes in the Mediterranean region, as revealed by Ducrocq et al. [16]. The
changing climate conditions are revealed as the main conditions causing the restriction
of suitable areas for many species all over the world, and especially in the Mediterranean
area, which is considered a hotspot regarding biodiversity loss [65]. Wei et al. [35] highlight
the effects of climatic conditions on the decrease in suitable areas for the propagation of
caterpillar fungus in China. Highly suitable areas for Quercus libani Oliv. in Turkey are
predicted to decrease from 4.1% to 1.4% of the total study area for the period 2060-2080
under the RCP 8.5 scenario [4]. The analysis of the suitability class migration in space
based on the changes in class centroids showed that the species suitability will be restricted
from the center and eastern Mediterranean region towards the south-western limits of the
considered area (Figure 8). Several studies on species distribution modeling mentioned
shifting of the suitable areas of different species in the future [34,66]. Although the results
show some differences with our study between the future localities of classes’ centroids, a
global trend of shifting in species suitable areas should be underlined. The suitable areas
with a probability of distribution (Class 3, 4, and 5) above 0.4 will migrate in a south-
western direction, while the barely suitable and unsuitable classes” centroids will move to
the south.

Our study reveals a larger climatically suitable area for the Montpellier Maple than
the observed distribution in the current period, which suggests the possibility of intro-
ducing the species to these areas. The only parameters considered to estimate the future
potential distribution of the Montpellier Maple are those related to climate change. Future
changes in topographic and vegetation variables were not considered, although they may
have a significant effect on the potential distribution area of the species. Therefore, it is
important to consider other parameters, such as anthropic, ecosystemic, geographic, and
geo-morphologic factors, in future work. However, we should also pay more attention to
the credible expression of more variables to improve the prediction accuracy of species
modeling distribution [15,57,67].

5. Conclusions

The MaxEnt model shows a high level of performance with an AUC superior to 0.9.
The most important parameters were the temperature seasonality, elevation, mean annual
temperature, annual precipitation, and maximum temperature of the warmest month.
These factors have a cumulative contribution rate of more than 90%. The model results
showed that the species prefers mountainous areas with sub-humid to humid climates.
The MaxEnt model shows a decline in species suitability in relation to climate change.
Shifting in suitable areas of the species to the Atlas and Rif Mountain chains indicates
the vulnerability of the species to climate change. This work shows the effects of climate
change on the global distribution of the Montpellier Maple habitat, but more investigations
should be undertaken to highlight the effects of other biotic and abiotic factors on future
specie distribution.
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