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ABSTRACT

The increasing temperatures and decreasing rainfall are expected to have negative effects on ecosystem services causing
significant shrinkage or shift in forest distributions particularly in the Mediterranean basin. In this study, we aimed to deter-
mine the distribution of Atlas cedar (Cedrus atlantica Manetti), modeling the current and potential future distributions in
Morocco with Maximum Entropy (MaxEnt) approach. Modeling was performed using all bioclimatic variables that show
a significant relationship to the current distribution of Atlas cedar and that were specifically preferred in the literature by
several similar studies. Prediction of warmer future scenarios showed that populations in the potential area would decrease
by 21% for RCP 4.5 (2050), by 23% for RCP 4.5 (2070), by 35% for RCP 8.5 (2050), and 41% for RCP 8.5 (2070) and that there
would be an impact in all ranges including the Cedar Biosphere Reserve in Morocco. Similarly, the Atlas cedar would lose its
isolated-marginal populations in its southern and western extents. The results underline the importance of a genetic con-
servation program for cedar populations in Morocco. Otherwise, gene pools seem to turn extinct due to climate change.
Furthermore, this study is intended to provide a starting point for continuous monitoring of Atlas cedars distributions while
observing its climatic migration. Species distribution modeling generates valuable information for conservation manage-
ment strategies for this endemic, rare, and threatened relict tree species. The results can be used to identify high-priority
areas for Atlas cedar restoration and conservation against the expected impact of climate change.

Keywords: Cedrus atlantica, climate change, maximum entropy, RCP, spatial modeling
Introduction

The climate plays a decisive role in the large-scale distribution of forest tree species (Guisan and Thuiller, 2005).
Particularly in the upcoming near future, climate change may dictate major roles in species adaptation and
distribution (Almeida et al,, 2022; Thurm et al,, 2018). The effects of this unfortunate phenomenon are ever more
visible in Morocco, which has been identified as a very vulnerable country by the 4th Assessment Report of
the United Nations Intergovernmental Panel on Climate Change (IPCC, 2007). Morocco is highly vulnerable to
climate variability and change (World Bank Group, 2021). It is a major risk to sustainable development and has
negative effects on all ecosystem services seriously hampering forest ecosystems.

The entire Mediterranean basin is considered as one of the most vulnerable regions to climate change in the
world (Ayan et al.,, 2022; Barbati et al,, 2018; IPCC 2007). Regato and Salman (2008) stated that the Mediterranean
highlands are among the areas that will be most affected by the phenomenon (rising temperatures and increas-
ing drought). It is estimated that increasing frequency of extreme climatic events, e.g., dry years, heat waves,
and irregular but heavy rains will increase forest mortality (Bussotti et al., 2021). In order to mitigate the effects
of climate change on forest ecosystems, distribution modeling of rare forest species will help us draw new
strategies to preserve what is left. Conservation of biodiversity is a key target that requires both the quantifica-
tion of biodiversity and the monitoring of its gains/losses in order to reduce the impacts of climate change
on ecosystems (Balmford, 1996). Thus, we can effectively target conservation strategies. However, occurrence
data tend to be very sparse for the vast majority of species, especially the rare ones (Alaoui et al,, 2021a,b;
Marcer et al, 2013). Model simulations could help depict potentially suitable areas and evaluate the risk of
extinction possibilities based on a variety of climate scenarios (Thuiller et al.,, 2005). Conservation policies for an
organism would benefit from a temporal perspective based upon the relationship between the species’ present
extents and its past environments (Willis & Birks, 2006; Willis & Bhagwat, 2010).
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There are four species of cedar in the world (Cedrus libani A. Rich
(Anatolia, Taurus Mountain, Erbaa, Niksar, Lebanon, Palestine, and Syria),
Cedrus deodara (Roxb.) G. Don (Himalaya, Afghanistan, and Balochistan),
Cedrus brevifolia (Hook. f.) Henry (Cyprus), and Cedrus Atlantica Manetti
(Rif and Atlas Moroccan Mountain, Algeria) (Lopez-Tirado et al,, 2021).

Atlas cedar is an endemic species and emblematic species, appreciated
for its technological, ecological, and biogeographical values (Laaribya
etal, 2016; Terrab et al. 2006). Despite its inclusion in the World Network
of Biosphere Reserves in 2016 (UNESCO, 2016), the Moroccan Atlas
cedar forests show a regressive trend both in time and space. The
International Union for Conservation of Nature (IUCN) has included it in
its red list of endangered species (IUCN, 2017). The Atlas cedar Biosphere
Reserve, located in the central Atlas Mountains of Morocco (1,375,000
ha), is home to 75% of the world's majestic Atlas cedar tree popula-
tion (UNESCO, 2018). This region, characterized by a wealth of ecosys-
tems and the mountain peaks, reaches up to 3700 m, provides critically
important water resources (Laaribya & Belghazi, 2016). However, climate
change is expected to alter the natural distribution of the Atlas cedar
and lead to a loss of biodiversity in this ecosystem. Both paleo-ecolog-
ical data and model simulations showed that Atlas cedar populations
are declining in Northern Morocco due to a combined effect of climate
and human-induced changes (Cheddadi et al, 2017). Calikoglu et al.
(2021) conducted a research on the adaptation of species and origin in
cedar in southwestern Turkey. In this research, 20 provenances of Atlas
cedar, 3 provenances of Lebanon cedar, and 2 provenances of Cyprus
cedar had been subjected to 20-year adaptation trials in Soutwestern
Mediterranean Elmali-Antalya and Kegiborlu-Isparta locations in Turkey
where Supra-Mediterranean (cool, semi-arid) bioclimatic conditions
prevail. According to 20 years' results, it was determined that Algerian
Atlas cedar, Lebanon cedar, and Cyprus cedar provenances had adapta-
tion capability to mentioned conditions. Nevertheless, Morocco's prov-
enances of Atlas cedar had lower adaptation capability compared to
the other two. Therefore, vulnerability to the expected climate change
and the resulting global warming was found high.

Maximum Entropy (MaxEnt) model algorithm methods (Phillips, 2006)
has proved powerful when modeling rare species and various earthly
phenomenon with narrow ranges and available scarce presence-only
occurrence data (Abdelaal et al, 2019; Aili et al. 2017; Alaoui et al,
2021a; Al-Qaddi et al, 2016; Ayan et al, 2022; Elith et al, 2006; Elith
etal, 2017; Laaribya et al, 2021; Phillips et al., 2006; Stephan et al,, 2020;
Torun & Altunel, 2020). Indeed, species distribution models (SDMs) are
frequently used to predict the potential and future geographic range
of a species based on observations of species occurence or abun-
dance with environmental estimates. (Peterson et al, 2011; Wilson
et al, 2011). Accurate modeling of geographic distributions of species
is crucial to various applications in ecology and conservation (Phillips
& Dudik, 2008).

Sustainable management and conservation of Morocco's Atlas cedar
ecosystems in the context of current climate change requires focused
scientific insights and spatial analysis to formulate and implement a
well-functioning strategy. The knowledge of the potential distribution
of the Atlas cedar under climate change, as well as the identification of
the environmental factors that condition it, is an inevitable step that
can provide crucial information. This study was carried out to investi-
gate some soil groups and spatial distribution scenarios for orientation,
conservation , and cultivation of the endemic species Cedrus atlantica
Manetti (Pinaceae) in order to examine the effects of climate change on
the potential habitat.

Methods

Study Area

The spatial data of the Atlas cedar used in the study comprise the entire
current distribution area of the Atlas cedar in Morocco (Figure 1). Atlas
cedar occurrence data were obtained from the national water and for-
estry agency. In Morocco, Atlas cedar forests are located in the central
Middle Atlas (120,000 ha), in the eastern Middle Atlas (23,000 ha), in the
eastern High Atlas (26,000 ha), in the Rif (15,000 ha), and in the Tazekka
region (850 ha) (Laaribya et al., 2016; Mhirit, 1993).

Modeling Approach, Processing, and Data Used

To determine the predicted current and future potential distribu-
tion range of the Moroccan Atlas cedar, the maximum entropy algo-
rithm “MaxEnt” was used. This model makes it possible to establish
a relationship between the ecological niche of the species and the
environmental variables (Elith et al,, 2011). It represents an impor-
tant prediction tool in conservation ecology (Phillips et al., 2006). In
this study, we selected 1251 points of occurrence of the Moroccan
Atlas cedar from the National Forest Inventory database (IFN, 2005).
Subsequently, we carried out verification trips on 125 presence points
(i.e, 10% of our initial sample) to avoid any omission or confusion with
other species.

The basic climatic data concerned the period 1970-2000. They were
extracted in Raster form from version 2.1 of the “WorldClim” database
(http://www.worldclim.org), a worldwide catalog of temperature and
rainfall data, collected at a ground resolution of 30 arc-seconds "1
km?*/pixel” (Fick & Hijmans, 2017). Indeed, 24 environmental variables
were used to model the probability of occurrence of Moroccan Atlas
cedar: 19 bioclimatic variables most related to physiological aspects of
plant growth, 3 topographical variables, altitude, exposure, and slope
which, according to the literature, have an effect on the distribution of
Moroccan Atlas cedar (Laaribya & Alaoui, 2021). Two other indices that
affect the distribution of species in the context of the Mediterranean
climate: The Emberger bioclimatic index (Emberger, 1939; Sauvage,
1963) and relative humidity (RH) (Monteith & Unsworth, 2008). It must
be emphasized that this work is addressing the potential distribution of
Atlas cedar. Therefore, habitat suitability according to the explanatory
variables is detected; no biotic interactions are considered because of
their difficulty to be incorporated into the model.

The data on annual mean temperature “T," water vapor partial pres-
sure “Pvap," altitude and bioclimatic variables used were also extracted
from the WORLDCLIM database (http://www.worldclim.org), at a reso-
lution of 30 arc-seconds (Fick & Hijmans, 2017; Hijmans et al.,, 2005).
The bioclimatic variables and altitude, which are widely used in species
distribution modeling studies and also directly affect the natural dis-
tribution of Atlas cedar, were used in this study to optimize the future
distribution.

For the simulation of potential future areas, two greenhouse gas emis-
sion scenarios (Representative Concentration Pathway) were used in
our study. These are the intermediate (RCP 4.5) and the most extreme
scenario (RCP 8.5) adopted by the Fifth Assessment Report (IPCC, 2014).
Indeed, two time slots were studied for each RCP: 2050 (average for
2041-2060) and 2070 (average for 2061-2080).

Model Performance and Cartography
The receiving operator characteristic (ROC) curve (Hanley & McNeil,
1982) and the AUC (area under the ROC curve), which is a threshold that
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Figure 1.

Study Area (Atlas Cedar Current Distribution).

evaluates the predictive capacity of the model; the higher the value
of AUC is close to one, the further it deviates from a random pattern.
(Phillips et al., 2006). According to the proposal of Araujo et al. (2005),
the AUC values are interpreted as follows: the model is “excellent”if AUC
> 90; "good”if .80 < AUC < .90; "acceptable”if .70 < AUC < .80; "bad” if
60 < AUC < .70; and“invalid”if AUC < .60.

The jackknife test (Miller, 1974) allows the determination of the predic-
tive power of each variable and the identification of those that con-
tribute most to the generation of the distribution model produced by
MaxEnt.

The MaxEnt model for Atlas cedar is a representation of the probability
of occurrence of the species at each pixel in the study area. This model
produces the distribution map of Atlas cedar based on a classification of
the results into two probability of presence intervals “P’ defined mainly
by a threshold “S"retained. This threshold “S"is relative to a training pres-
ence at the 10th percentile (10 percentile training presence), repre-
senting the probability that 90% of the presence points fall within this
potential area (Phillips & Dudik, 2008).

To carry out the necessary mapping, we used two softwares “"ArcGIS
104.1"and Diva GIS. The principle of maximum entropy (MaxEnt) was
used to model the Atlas cedar potential distribution area under current
and future climates.

Results and Discussion

Model Performance

The area under the ROC curve, which measures the prediction accuracy
of the model, is 96.7% which confirms the excellence of the modeling
that was carried out and indicates the performance and robustness of
the model chosen for the prediction of the potential area of Atlas cedar
in Morocco (Figure 2). The Jackknife test shows that the environmental
variable that leads to a strong reduction (i.e, 18.1%) in the predictive
power of the model when RH is omitted. The environmental variable
that leads to the best gain (35.7%) when used in isolation in the model
is the mean annual temperature (Bio1). These two variables thus seem
to have more explanatory information on the distribution of Atlas cedar
and the results of the Jackknife test (Figure 2) (Laaribya & Alaoui, 2021).

The results of the Jackknife test (Figure 2) reveal that the main variables
that have the most influence on the presence of Atlas cedar in Morocco
are Bio17 (precipitation of the driest quarter), Bio14 (precipitation of the
driest month), Bio9 (average temperature of the driest quarter), and Alt
(altitude) with 71.3%, 9.9%, 4.3%, and 3.3% contribution, respectively
(Laaribya & Alaoui, 2021).

Spatial distribution modeling reveals that precipitation in the driest
quarter (Bio17), precipitation in the driest month (Bio14), mean annual
temperature (Biol), and mean annual RH are the most influential
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variables in the current distribution of Atlas cedar in Morocco (Figure 2).
The other environmental variables have smaller contributions to the
prediction of the model in question. The species is absent in arid and
semi-arid areas with low precipitation and high temperatures, which are
limiting factors for it in Morocco. These results have been confirmed by
several studies which stated that climatic variables played a role of pri-
mary importance in the distribution of Atlas cedar in Morocco (Achhal
et al, 1980; Cheddadi et al,, 2017; Laaribya et al., 2016; Mhirit, 1982).

Predicted Current and Future Potential Area of Atlas Cedar

The soil map of the current distribution area of the cedar in Morocco is
given in Figure 3. In addition, the distribution of soil groups in the pos-
sible distribution areas of Atlas cedar under different emission scenarios
is given in Table 1. It has been determined that the main soil group is
Regosol/Renosol, where Atlas cedar grows in both current and poten-
tial distributions under climate change conditions.

The modeling method used and completed by the cartographic work
allowed us to produce the first map of the potential distribution area of
the Atlas cedar in Morocco, taking into account the threshold for the
presence of training at the 10th percentile.

The current mapped area of Atlas cedar in Morocco is about 138,691
ha. The predicted suitable distribution of Atlas cedar covers 770,605 ha
including areas where the species is currently present (Figure 4).

Also, by superimposing the current range of Atlas cedar on its pre-
dicted potential range (Figure 5), we detected a surplus of 631,914 ha
(a predicted increase of +455%). A surplus is marked in the southern
part of the Cedar Biosphere Reserve, also in the Rif Mountains (northern
Morocco) and in the eastern Middle Atlas.

The model results obtained based on the current and future (2050 and
2070) projections carried out in this study were mapped and displayed
in Figure 6(A)-(D).

The ecological response curves of the most important variables showed
that the presence of Atlas cedar was optimal in areas with more pre-
Cipitation in the driest quarter (Bio17) and precipitation in the driest
month (Bio14), while the annual mean temperature (Bio1) showed low
values. Indeed, under the current climatic conditions, precipitation and

its variability are the most important factor in the distribution of Atlas
cedar and its growth (Figure 7). It is believed that the factor that inter-
rupts the migration of cedars from the south in the Tertiary to the east
(Algeria, Tunisia, the Taurus Mountains, Syria, and Lebanon) is drought
(Qiao et al. 2007). According to Ladjal et al. (2005), they stated that the
Atlas Mountains being more humid than the Eastern Mediterranean
(ocean effect) may be the reason for the sensitivity of the Atlas cedar
origin to drought. Ulbrich et al. (2006) have expressed that the results
of various scenarios have shown that the net water decency in the
Mediterranean basin will increase between 1.3% and 14% by the end
of the century, and the net heat flow per unit area (m?) will increase
between 3.6 and 11.9W. In general, it is expected that annual precipita-
tion will decelerate by 10-30%, although it varies by region.

The cedar individualizes stands in cold mountainous areas, mainly in
sub-humid, humid, and per-humid bioclimatic environments, under
cold and very cold stages. Atlas cedar stands at altitudes between 2200
and 2500 m and stands out in the extremely cold variance in the Middle
and High Atlas. This result confirms the fact that climatic parameters,
such as temperature and precipitation, have the greatest effect on
species distribution (Guisan & Zimmermann, 2000). Quezel (2004) also
emphasized that annual precipitation (P) and the average temperature
(°C) of the coldest month are the main determining parameters in the
Mediterranean bioclimate.

Apart from altitude, the geo-topographical variables (exposure and
slope), in the light of the other climatic variables, contributed very little
to the prediction of the model and were therefore very insignificant.
However, taking into account the close relationship of the spatial variabil-
ity of the climatic factors with the geo-topographical factors, the influ-
ence of the latter on the distribution of Atlas cedar is considered indirect.

The current mapped area of Atlas cedar in Morocco is 138 691 ha, while
the modeled potential distribution area is 770 605 ha, i.e, a surplus of
631 914 ha (+455%) compared to its current habitat. This result shows,
on the one hand, the regression of the surface area occupied by the
Atlas cedar and reveals the possibility of reconstituting its habitat
under the current climatic conditions by reconstituting it at the scale
of its predicted potential area. Cheddadi et al. (2017) by its simulation
showed that the range of Atlas cedar decreased by about 75% over
the last 50 years and that the eastern populations of the range in the
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Rif Mountains were even more threatened by the overall lack of water
availability than the western ones. In addition, Linares et al. (2013) stated
that increasing drought effects are harmful to sensitive species like
mountain conifers and Cedrus in particular.

The comparison of potential distribution maps under current and future
climate conditions made it possible to estimate the impact of climate
change on the distribution of cedar. Although the location of the future
potential distribution of Atlas cedar is lower than the current potential
distribution, our model results show that the geographic distribution
would expand under predicted levels of climate change.

Compared with the result of the most optimal habitat under current
climate prediction, the predictions for the intermediate scenario (RCP
4.5) showed almost the same for 2050 and slightly lower for 2070. The
results of this scenario show that new potential areas, even if limited, will
emerge in the future. This is consistent with some studies, which have
recognized that global warming could also have a positive effect on
ecosystems and species in some parts of the world, through the expan-
sion of their habitats (IPCC, 2018; Lopez-Tirado et al.,, 2021). However, for
the RCP 8.5 scenario, the model predicts moderate and high climate
change impact of optimal habitat in 2050 and 2070. The most affected
areas by future climate change are located in the southern part of the

Current Potential Distr. RCP 4.5 RCP8.5
Distribution Present 2050 2070 2050 2070

Habitat suitability area (hectare) 138,691 770,605 644,996 593,366 503,205 460,051
Regosol/Arenosol (%) 84 84 84 85 87 87
Regosol/Luvisol (%) 2 2 2 2 1 1
Regosol/Cambisol (%) 2 2 2 2 1 1
Rendzic/Regosol (%) 1.5 1 1 0.5 1 1
Other soils (%) 0.5 1 1 0.5 — —
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Table 2.
Predicted Current and Future Potential Natural Distributions of Cedrus atlantica

Current Potential Distr. RCP 4.5 RCP8.5
Distribution Present 2050 2070 2050 2070

Habitat suitability area (hectare) 138,691 770,605 (+455%) 644,996 593,366 503,205 460,051
Habitat suitability area (km?) 1386.91 7706.05 6449.96 5933.66 5032.05 4600.51
Percentage of Cedrus atlantica in the forested areas in Morocco (%) 1.54 8.56 7.7 6.59 5.59 511
Percentage of Cedrus atlantica in Morocco (%) 0.20 1.08 091 083 0.71 0.65
Area loss (%)/compared to the predicted potential distr. present 21 23 35 41
Unchanged (%)/compared to the predicted potential distr. present 81 79 43 41
Gain (%)/compared to the predicted potential distr. present 33 29 20 10
Elevation (m) Min. 1200 1000 1300 1300 1350 1350

Max. 2600 3000 3100 3200 3200 3200

Mean 1900 2250 2200 2250 2275 2300

Cedar Biosphere Reserve, the central and eastern Middle Atlas and the
eastern High Atlas Mountains. It can be noted that the Atlas cedar for-
ests in Morocco will tend to be more negatively affected by the temper-
ature increase and low rainfall, expected to occur in the future within
the framework of global warming in the Mediterranean mountainous
region (Calikoglu et al.,, 2021).

Dagher-Kharrat et al. (2007) stated that both Atlas cedar Morocco ori-
gins and Himalayan cedar origins have been identified as the cedar ori-
gins with the lowest genetic diversity. The low adaptation capacity and
rapid degradation of Atlas cedar may be attributed to its low genetic
diversity. Unfortunately, Atlas cedar forests’ degradation will continue
to take place at alarming rates, which contributes implicitly to the
ongoing loss of biodiversity especially in the Cedar Biosphere Reserve.
Recent studies have demonstrated that mountain species such as

=
%

6°W

C. atlantica are persisting in restricted and isolated areas considered as
microrefugia (Cheddadi et al. 2017). Nevertheless, today, the forests of
all three cedar species (Atlas cedar, Lebanon cedar, and Cyprus cedar)
in the Mediterranean are protected on different scales. For example, the
presence of the Cyprus cedar in the Paphos region is fully protected, the
productive stands of the Taurus cedar in Turkey are not subject to inter-
ventions aimed at natural regeneration, the degraded stands are reha-
bilitated, the residual cedar trees in the Basherra region of Lebanon are
being protected, and the Atlas cedar forests in the Atlas Mountains also
deserve protection (Calikoglu et al, 2021). Beyond that, populations in
Morocco to adapt to predicted climatic change may be necessary to
migrate to regions more suited to their ecological aspirations for Atlas
cedar. A similar trend has been detected in Atlas cedar populations in
Algeria, where the southern limit of distribution has shown high tree
mortality in recent decades (Slimani et al. 2014).
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Responses of Cedrus atlantica to the Most Important Variables.

Conclusion

Atlas cedar is an emblematic species that has undergone severe degra-
dation and a reduction in its distribution over time. It is now classified
by the IUCN in the list of endangered species.

Our results suggest that a larger area climatically suitable for C.
atlantica to naturalize and potentially spread in Morocco exists than
its current distribution including the area of the Cedar Biosphere
Reserve. The MaxEnt model developed (AUC=.967) allowed the
delimitation of the potential area which represents a gain of more
than 425% compared to the current situation of the Moroccan
Atlas cedar. Indeed, the present work provides the first map of the
potential range of Atlas cedar in Morocco in the context of current
climatic data.

Under current climatic conditions, the precipitation of the driest quar-
ter, the precipitation of the driest month, the mean annual temperature,
and the mean annual RH are the descriptors that most influence the
range of the Atlas cedar in Morocco.

The comparison of potential distribution maps under current and
future climate conditions made it possible to estimate the impact of
climate change on the distribution of cedar, although the location of
the future potential distribution of Atlas cedar is low than the current
potential distribution.

The results of various future climate emission scenarios should be
included in existing conservation strategies for the protection of for-
est species and the ecosystem services they provide, in order to avoid
future local extinctions, given that Moroccan forest ecosystems are
home to an important part of international biodiversity.

Species distribution modeling generates valuable information for con-
servation management of this rare and endangered endemic species in
Morocco. Indeed, this study will serve as a basis for any strategic plan-
ning for conservation and sustainable management of the Atlas cedar
in North Africa.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - S.L; Design - S.L, AA; Supervision - SA, T.D,;
Resources — S.L, AA,; Materials — S.L, AA,; Data Collection and/or Processing —
S.L, AA; Analysis and/or Interpretation — S.L, AA, S.A, T.D, Literature Search —
S.L, S.A; Writing Manuscript — S.L, S.A;; Critical Review — AA, T.D,; Other — S.L.

Acknowledgements: Thanks to the staff of the forest inventory department in
Morocco.

Declaration of Interests: The authors declare that they have no competing
interests.

Funding: The authors declared that this study has received no financial
support



Laaribya et al. Changes in the Potential Distribution of Atlas Cedar
Forestist 2023: 73(3): 1-10

References

Abdelaal, M., Fois, M., Fenu, G, & Bacchetta, G. (2019). Using MaxEnt model-
ling to predict the potential distribution of the endemic plant Rosa arabica
Crép. in Egypt. Ecological Informatics, 50, 68-75. [CrossRef]

Achhal, A, Akabli, O, Barbero, M., Benabid, A, M'hirit, O.,, Peyre, C.,, Quezel,
P, &Rivas-Martinez, S. (1980). A propos de la valeur bioclimatique et dynam-
ique de quelques essences forestieres au Maroc. Ecologia Mediterranea, 5,
211-249.

Aili Q, Bo Liu, QuanshuiGuo, Rainer WB, Fangiang Ma, Zunji Jian, Gexi Xu,
Shunxiang Pei (2017) Maxentmodeling for predicting impacts of climate
change on the potential distribution of ThujasutchuenensisFranch., an
extremely endangered conifer from southwestern China, Global Ecology
and Conservation 10: 139-146. [CrossRef]

Alaoui, A, Laaribya, S., & Ayan, S. (2021b). The evolution of the forest cover
with the effect of anthropic pressure (The Case Study of Sehoul Cork-Oak
Forest in Morocco, North Atlantic). Kastamonu Universitesi Orman Fakdiltesi
Dergisi, 20(1), 62-73. [CrossRef]

Alaoui, A, Laaribya, S., Ayan, S, Ghallab, A, & Javier, L. T. (2021a). Modelling
spatial habitat of endemic Moroccan fir (Abies marocana Trabut.) in Talas-
semtane national park, Morocco. Austrian Journal of Forest Science, 138,
73-94.

Almeida, A. M., Martins, M. J,, Campagnolo, M. L, Fernandez, P, Albuquer-
que, T, Gerassis, S., Gongalves, J. C, & Ribeiro, M. M. (2022). Prediction sce-
narios of past, present, and future environmental suitability for the Mediter-
ranean species Arbutus unedo L. Scientific Reports, 12(1), 84. [CrossRef]

Aili Q, Bo Liu, QuanshuiGuo, Rainer WB, Fangiang Ma, Zunji Jian, Gexi Xu,
Shunxiang Pei (2017) Maxentmodeling for predicting impacts of climate
change on the potential distribution of ThujasutchuenensisFranch., an
extremely endangered conifer from southwestern China, Global Ecology
and Conservation 10: 139-146. [CrossRef]

Al-Qaddi, N, Vessella, F, Stephan, J,, Al-Eisawi, D., & Schirone, B. (2017). Cur-
rent and future suitability areas of kermes oak (Quercus coccifera L) in the
Levant under climate change. Regional Environmental Change, 17(1),
143-156. [CrossRef]

Araujo, M. B, Pearson, R. G, Thuiller, W.,, & Erhard, M. (2005). Validation of
species—climate impact models under climate change. Global Change Biol-
ogy, 11(9), 1504-1513. [CrossRef]

Ayan, S, Bugday, E, Varol, T, Ozel, H. B, & Thurm, E. A. (2022). Effect of Cli-
mate Change on Potential Distribution of Oriental Beech (Fagus orientalis
Lipsky.) in the 21st century in Turkey. Theoretical and Applied Climatology,
148(1-2), 165-177. [CrossRef]

Balmford, A. (1996). Extinction filters and current resilience: The significance
of past selection pressures for conservation biology. Trends in Ecology and
Evolution, 11(5), 193-196. [CrossRef]

Barbati, A, Scarascia, G, Ayan, S,, Blasi, E,, Calama, R, Canaveira, P, Cicatiello,
C,, Collalti, A, Corona, P, Del Rio, M., Ducci, ., & Perugini, L. (2018). Chapter
8: Adaptation and mitigation. State of Mediterranean Forests (pp. 128-146).
Food and Agriculture Organization of the United Nations and Plan Bleu,
Regional Activity Center of United Nations Environment / Mediterranean
Action Plan. ISBN FAO: 978-92-5-131047-2; ISBN Plan Bleu: 978-2-912081-
52-0. Retrieved from http://www.fao.org/3/CA2081EN/ca2081en.PDF.
Bussotti, F, Papitto, G., Di Martino, D., Cocciufa, C,, Cindolo, C,, Cenni, E,
Bettini, D, lacopetti, G, & Pollastrini, M. (2021). Defoliation, recovery and
increasing mortality in Italian forests: Levels, patterns and possible conse-
quences for forest multifunctionality. Forests, 12(11), 1476. [CrossRef]
Calikoglu, M., Ozbey, A. A, & Yolcu, H. 1. (2021). 20th years' results of Cedrus
species and provenance adaptation trials established in cool and semi-arid
variant of supra-Mediterranean bioclimatic stratum’s in the south western
Turkey. Theoretical and Applied Forestry, 1(2), 51-56. [CrossRef]

Cheddadi, R, Henrot, A. J, Francois, L., Boyer, F, Bush, M., Carré, M., Coissac,
E., De Oliveira, P. E, Ficetola, F, Hambuckers, A, Huang, K, Lézine, A. M,
Nourelbait, M., Rhoujjati, A, Taberlet, P, Sarmiento, F, Abel-Schaad, D., Alba-
Sanchez, F, & Zheng, Z. (2017). Microrefugia, climate change, and conserva-
tion of Cedrus atlantica in the Rif mountains, Morocco. Frontiers in Ecology
and Evolution, 5, 114. [CrossRef]

Dagher-Kharrat, M. B, Mariette, S., Lefevre, F, Fady, B., Grenier-de March, G,
Plomion, C,, & Savouré, A. (2007). Geographical diversity and genetic rela-
tionships among Cedrus species estimated by AFLP. Tree Genetics and
Genomes, 3(3), 275-285. [CrossRef]

Elith, J, et al. (2006). Novel methods improve prediction of species’distribu-
tions from occurrence data. Fcography, 29(2), 129-151. [CrossRef]

Elith, J,, Phillips, S. J,, Hastie, T, Dudik, M., Chee, Y. E.,, & Yates, C. J. (2011). A
statistical explanation of MaxEnt for ecologists. Diversity and Distributions,
17(1), 43-57. [CrossRef]

Emberger, L. (1939). Apercu général sur la végétation du Maroc. Commen-
taire de la carte phytogéographique du Maroc au 1/500 000. Verdff. Geobot.
Inst. Ribel in Zirich, 14, 40-157.

Fick, S. E, & Hijmans, R. J. (2017). WorldClim 2: new 1 km spatial resolution
climate surfaces for global land areas. International Journal of Climatology,
37(12), 4302-4315. [CrossRef].

Guisan, A, & Thuiller, W. (2005). Predicting species distribution: Offering
more than simple habitat models. Ecology Letters, 8(9), 993-1009. [CrossRef]
Guisan, A, &Zimmermann, N. E. (2000). Predictive habitat distribution mod-
els in ecology. Ecological Modelling, 135(2-3), 147-186. [CrossRef]

Hanley, J. A, & Mcneil, B. J. (1982). The meaning and use of the area under
a Receiver Operating Characteristic (ROC) curve. Radiology, 143(1), 29-36.
[CrossRef]

Hijmans, R. J. (2004). Arc Macro Language (AML®) version 2.1 for calculating
19 bioclimatic predictors: Berkeley. Museum of Vertebrate Zoology, Univer-
sity of California at Berkeley. Retrieved from http://www.worldclim.org/
bioclim.

IFN (2005 et 2020). Données de I'lnventaire Forestier National. Haut-Commis-
sariat aux Eaux et Foréts et a la Lutte Contre la Désertification (Non publié).
International Union for Conservation of Nature and Natural Resources
(2017). The IUCN red list of threatened species. Version 2017-1. Retrieved
from http://www.iucnredlist.org

IPCC (2007). Published for the intergovernmental panel on climate change.
Climate Change (vol. 4). Cambridge University Press.

IPCC (2014). 2014: Synthesis report. Contribution of Working Groups I. Cli-
mate Change. IPCC. Il and Ill to the Fifth Assessment Report of the Intergov-
ernmental Panel on Climate Change.

IPCC (2018). Global warming of 1.5°C.An IPCC Special Report on the impacts
of global warming of 1.5°C above pre-industrial levels and related global green-
house gas emission pathways, in the context of strengthening the global
response to the threat of climate change, sustainable development, and efforts
to eradicate poverty (V. Masson-Delmotte, et al,, Eds.).

Laaribya, S., & Alaoui, A. (2021). Modélisation par l'entropie maximale de
I'habitat potentiel du cédre de I'atlas au Maroc (Cedrus atlantica Manetti).
Revue Nature et Technologie, 13(2), 120-128. Retrieved from https://www.asj
p.cerist.dz/en/Articles/47

Laaribya, S., Alaoui, A, Ayan, S., Benabou, A, Labbaci, A, Ouhaddou, H., &
Bijou, M. (2021). Prediction by Maximum Entropy of potential habitat of the
cork oak (Quercus suber L.) in Maamora Forest. Forestist. [CrossRef]
Laaribya, S., & Belghazi, B. (2016). Dynamique et accroissement radial du
Cedre de I'atlas (Cedrus atlantica) — Cas de la forét d’Azrou (Maroc). Revue
Nature & Technologie B: Sciences Agronomiques et Biologiques, 14, 32.

Ladjal, M., Hug, R, & Ducrey, M. (2005). Drought effects on hydraulic con-
ductivity and xylem vulnerability to embolism in diverse species and prov-
enances of Mediterranean cedars. Tree Physiology, 25(9), 1109-1117.
[CrossRef]

Linares, J. C, Taiqui, L, SangUesa-Barreda, G., Seco, J. I, & Camarero, J. J.
(2013). Age-related drought sensitivity of Atlas cedar (Cedrus atlantica) in
the Moroccan Middle Atlas forests. Dendrochronologia, 31(2), 88-96.
[CrossRef]

Lopez-Tirado, J, Vessella, F, Stephan, J, Ayan, S., Schirone, B, & Hidalgo, P. J.
(2021). Effect of climate change on potential distribution of Cedrus libani A.
Rich in the twenty-first century: An Ecological Niche Modelling assessment.
New Forests, 52(3), 363-376. [CrossRef]

Marcer, A, Séez, L, Molowny-Horas, R., Pons, X, & Pino, J. (2013). Using spe-
cies distribution modelling to disentangle realised versus potential distri-
butions for rare species conservation. Biological Conservation, 166, 221-230.
[CrossRef]

Mhirit, O. (1982). Etude écologique et forestiére des cédraies du Rif marocain.
Essai sur une approche multidimentionnelle de la phyto-écologie et de la pro-
ductivité du cédre (Thése de Doctorat es Science, 436p). Univ. Dr. Eco. Sci.
Aix-Marseille.

Mhirit, O. (1993). Le cédre de I'atlas (Cedrus atlantica Manetti), présentation
générale et état des connaissances a travers le réseau Silva Mediterranea «
le Cédre ». Ann Rech For 27(spécial), 4-21.

Miller, R. G. (1974). The jackknife - A review. Biometrika, 61(1), 1-15.
[CrossRef]

Monteith, J. L, & Unsworth, M. H. (2008). Principles of environmental physics
(3rd edn, p. 418). Academic Press.

Peterson, A. T, Soberén, J, Pearson, R. G, Anderson, R. P, Martinezmeyer, E,,
& Nakamura, M. (2011). Ecological niches and geographic distributions.
Princeton University Press.

Phillips, S. J, Anderson, R. P, & Schapire, R. E. (2006). Maximum entropy
modelling of species geographic distributions. Ecological Modelling,
190(3-4), 231-259. [CrossRef]


https://doi.org/10.1016/j.ecoinf.2019.01.003
https://doi.org/10.17475/kastorman.705872
https://doi.org/10.17475/kastorman.705872
https://doi.org/10.1038/s41598-021-03996-0
https://doi.org/10.1038/s41598-021-03996-0
https://doi.org/10.1007/s10113-016-0987-2
https://doi.org/10.1111/j.1365-2486.2005.01000.x
https://doi.org/10.1007/s00704-022-03940-w
https://doi.org/10.1016/0169-5347(96)10026-4
http://www.fao.org/3/CA2081EN/ca2081en.PDF
https://doi.org/10.3390/f12111476
https://doi.org/10.53463/tafor.2021vol1iss2pp51-56
https://doi.org/10.3389/fevo.2017.00114
https://doi.org/10.1007/s11295-006-0065-x
https://doi.org/10.1111/j.2006.0906-7590.04596.x
https://doi.org/10.1111/j.1472-4642.2010.00725.x
https://doi.org/10.1002/joc.5086
https://doi.org/10.1111/j.1461-0248.2005.00792.x
https://doi.org/10.1016/S0304-3800(00)00354-9
https://doi.org/10.1148/radiology.143.1.7063747
http://www.worldclim.org/bioclim
http://www.worldclim.org/bioclim
http://www.iucnredlist.org
https://www.asjp.cerist.dz/en/Articles/47
https://www.asjp.cerist.dz/en/Articles/47
https://doi.org/10.5152/forestist.2021.20059
https://doi.org/10.1093/treephys/25.9.1109
https://doi.org/10.1016/j.dendro.2012.08.003
https://doi.org/10.1007/s11056-020-09798-y
https://doi.org/10.1016/j.biocon.2013.07.001
https://doi.org/10.1093/biomet/61.1.1
https://doi.org/10.1016/j.ecolmodel.2005.03.026

Laaribya et al. Changes in the Potential Distribution of Atlas Cedar
Forestist 2023: 73(3): 1-10

Phillips, S. J, & Dudik, M. (2008). Modeling of species distributions with
Maxent: New extensions and a comprehensive evaluation. Ecography, 31(2),
161-175. [CrossRef]

Qiao, C.Y, Ran, J.H, Li, Y, &Wang, X. Q. (2007). Phylogeny and biogeography
of Cedrus (Pinaceae) inferred from sequences of seven paternal chloroplast
and maternal mitochondrial DNA regions. Annals of Botany, 100(3), 573-580.
[CrossRef]

Qin, A, Liu, B, Guo, Q, Bussmann, R.W.,, Ma, F, Jian, Z,, Xu, G., & Pei, S. (2017).
Maxent modeling for predicting impacts of climate change on the poten-
tial distribution of Thuja sutchuenensis Franch., an extremely endangered
conifer from southwestern China. Global Ecology and Conservation, 10,
139-146. [CrossRef]

Quézel, P. (2004). Large-scale post-glacial distribution of vegetation struc-
ture in the Mediterranean region. In S. Mazzoleni, G. Di Pasquale, M. Mul-
ligan, P. Di Martino, & F. Rego (Eds.), Recent dynamics of the Mediterranean
vegetation and landscape (pp. 3-12). John Wiley & Sons.

Regato, P, & Salman, R. (2008). Mediterranean mountains in a changing world:
Guidelines for developing actions plans. IUCN.

Sauvage, Ch. (1963). Etages bioclimatiques. sect. Il. Planche 66. Comité de
géographie du Maroc.

Slimani, S., Derridj, A, & Gutierrez, E. (2014). Ecological response of Cedrus
atlantica to climate variability in the Massif of Guetiane (Algeria). Forest
Systems, 23(3), 448-460. [CrossRef]

Stephan, J,, Bercachy, C, Bechara, J, Charbel, E, & Lépez-Tirado, J. (2020).
Local ecological niche modelling to provide suitability maps for 27 forest
tree species in edge conditions. iforest — Biogeosciences and Forestry, 13(1),
230-237. [CrossRef]

Terrab, A, Paun, O, Talavera, S., Tremetsberger, K., Arista, M., & Stuessy, T. F.
(2006). Genetic diversity and population structure in natural populations of
Moroccan Atlas cedar (Cedrus atlantica; Pinaceae) determined with CPSSR
markers. American Journal of Botany, 93(9), 1274-1280. [CrossRef]
Thuiller, W,, Lavorel, S., Araujo, M. B,, Sykes, M. T,, & Prentice, I. C. (2005). Cli-
mate change threats to plant diversity in Europe. Proceedings of the National

10

Academy of Sciences of the United States of America, 102(23), 8245-8250.
[CrossRef]

Thurm, E. A, Hernandez, L., Baltensweiler, A, Ayan, S., Rasztovits, E., Bielak,
K., Zlatanov, T. M., Hladnik, D., Balic, B., Freudenschuss, A., Biichsenmeister,
R, & Falk, W. (2018). Alternative tree species under climate warming in man-
aged European forests. Forest Ecology and Management, 430, 485-497.
[CrossRef]

Torun, P, & Altunel, A. O. (2020). Effects of environmental factors and forest
management on landscape-scale forest storm damage in Turkey. Annals of
Forest Science, 77(2), 39. [CrossRef]

Ulbrich, U,, May, W, Li, L, Lionello, P, Pinto, J. G, & Somot, S. (2006). The
Mediterranean climate change under global warming. Developments in
Earth and Environmental Sciences, 4, 399-415.

United Nations Educational, Scientific and Cultural Organization (2018).
Retrieved  from  http://www.unesco.org/new/en/natural-sciences/envi
ronment/ecological-sciences/biosphere-reserves/arab-states/morocco/atl
as-cedar/

Willis, K. J,, & Bhagwat, S. A. (2010). Questions of importance to the conser-
vation of biological diversity: Answers from the past. Climate of the Past, 6(6),
759-769. [CrossRef]

Willis, K. J,, & Birks, H. J. B. (2006). What is natural? The need for a long-term
perspective in biodiversity conservation. Science, 314(5803), 1261-1265.
[CrossRef]

Wilson, C. D,, Roberts, D, & Reid, N. (2011). Applying species distribution
modelling to identify areas of high conservation value for endangered spe-
cies: A case study using Margaritifera Margaritifera (L.). Biological Conserva-
tion, 144(2), 821-829. [CrossRef]

World Bank Group (2021). Climate risk country profile climate risk profile. The
World Bank Group.

WRB (2014). World Reference Base for Soil Resources, International soil classifi-
cation system for naming soils and creating legends for soil maps. Update
2015; Retrieved from http://www.fao.org/soils-portal/data-hub/soil-clas
sication/worldreference-base/en/.


https://doi.org/10.1111/j.0906-7590.2008.5203.x
https://doi.org/10.1093/aob/mcm134
https://doi.org/10.1016/j.gecco.2017.02.004
https://doi.org/10.5424/fs/2014233-05175
https://doi.org/10.3832/ifor3331-013
https://doi.org/10.3732/ajb.93.9.1274
https://doi.org/10.1073/pnas.0409902102
https://doi.org/10.1016/j.foreco.2018.08.028
https://doi.org/10.1007/s13595-020-00945-1
http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/biosphere-reserves/arab-states/morocco/atlas-cedar/
http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/biosphere-reserves/arab-states/morocco/atlas-cedar/
http://www.unesco.org/new/en/natural-sciences/environment/ecological-sciences/biosphere-reserves/arab-states/morocco/atlas-cedar/
https://doi.org/10.5194/cp-6-759-2010
https://doi.org/10.1126/science.1122667
https://doi.org/10.1016/j.biocon.2010.11.014
http://www.fao.org/soils-portal/data-hub/soil-classication/worldreference-base/en/
http://www.fao.org/soils-portal/data-hub/soil-classication/worldreference-base/en/

