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1. Introduction
The genus Liquidambar is known by fossil records from 
the Cretaceous to the Quaternary (age range: 99.7 to 0.781 
million years ago) (Behrensmeyer and Turner, 2013) and 
much more widespread in the Tertiary. However, it has 
disappeared from the European continent due to extensive 
glaciation in the north and the east-west oriented Alps 
and Pyrenees which served as a barrier against southward 
migration. It has also disappeared from western North 
America and unglaciated far-eastern parts of Russia. In the 
last glacial periods, the distribution of the genus shifted to 
Southeast Central America, Southwest Asia, and Southeast 
Asia. There are several fossil species of Liquidambar 

that provide evidence of its relict status today (Hsu and 
Andews, 2005).

It is named Liquidambar due to the resin obtained 
from these trees (Huş, 1949). They secrete resin from 
their body when wounded, which has a significant 
value for people in their respective regions. The resin is 
economically important due to its natural balsam content, 
medicinal purposes, cosmetics, and soap making. It also is 
an important export item that makes the sweetgum tree a 
key income source for local populations (İktüren and Acar, 
1987).

The oriental (Anatolian) sweetgum tree (Liquidambar 
orientalis Miller, 1867) is a medium-sized deciduous tree 

Abstract: Evidence suggests that past climatic oscillations caused many species to drastically change their distribution range and had 
significant impacts on their survival capabilities. There is significant evidence suggesting that today’s changing climate threatens many 
species to face a rapid extinction period in the coming decades and centuries. Understanding the changing range patterns provides 
significant input on biodiversity and conservation biology studies. However, warming climatic conditions may also present an 
opportunity for some species to expand their habitats—particularly those adapted to warmer environments. In this study, we asked how 
near-future climate change will affect the distribution range of the oriental sweetgum tree (Liquidambar orientalis Miller, 1867) which 
is a deciduous tertiary relict endemic species that forms the riparian forest ecosystems across southwestern Türkiye and Rhodes Island 
(Greece). Oriental sweetgum is on the verge of extinction due to past climate changes and current anthropogenic pressures such as 
deforestation and improper farming practices as well as insufficient conservation policies and efforts in place. As a result, sweetgum trees 
only survive in fragmented forest patches. To understand the species’ possible response to globally rising temperatures, we explored the 
ecological and climatic factors that drive the distribution changes using a species distribution modeling approach. We predicted species’ 
past (Mid-Holocene, approximately 6000 years ago), current, and future (2070) distribution ranges using maximum-entropy (MaxEnt) 
niche models built with WorldClim Version 1.4 climatic data. We found that regular water and warmer temperatures are particularly 
crucial for this species. The models showed a past (Mid-Holocene) expansion in suitable habitats in response to warmer conditions 
followed by a contraction as temperatures cooled down to the current climate. Most importantly, our future predictions showed that 
the species can possibly expand its distribution range to newly suitable habitats exhibiting a similar past response to the increasing 
temperatures. In this scenario, however, we suggest that it is extremely important to take necessary restoration and conservation steps 
for fragmented sweetgum forests to ensure species survival in the next centuries. We also believe that further research must be conducted 
to better understand species’ ecological requirements and to provide crucial knowledge for future conversation approaches. 
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and a tertiary relict endemic species with a natural range 
limited solely to the south-western part of Türkiye as 
well as in the Island of Rhodes and the Island of Cyprus 
(Akman et al., 1992; Kaya and Alan, 2003; Caudullo et 
al., 2017). Although there are two varieties defined in this 
region (L. orientalis Mill. var. orientalis and L. orientalis 
Mill. var. integriloba); previous isozyme and RAPD loci 
analysis showed that these varieties were not significantly 
different from each other at the genetic level due to 
ongoing hybridization (Taşkın et al., 2008). According to 
the drilling records, the species lived in different points of 
Anatolia until the last ice age (Peşmen, 1982). Similarly, 
paleobotanical and palynological studies found some 
leaf and pollen fossils in 7 different basins of Central 
Anatolia and Western Anatolia from the Miocene Period 
(Acar et al., 1992). As a result, the species is defined as 
relict as its distribution range shifted from Europe and 
northern Russia to the warmer and sheltered regions such 
as Southwestern Anatolia where glaciation has not been 
experienced (Akman et al., 1992). 

Oriental sweetgum is distributed in healthy forests 
around the coastal districts of Southwestern Türkiye (Ozkil 
et al., 2017).  It flowers from March to April and the seed 
dispersal mainly occurs by winds during November and 
December. Regeneration strategies are very diverse such as 
seed germination, root sprouts, root grafts, tissue culture, 
etc. (Kaya and Aksakal, 2005). Trees can grow from 10 m 
to 35 m individually or in groups in flood plains, small 
grooves, marshes, valley sides near streams, or waterlogged 
alluvial forests. Occasionally, it can be found on slopes and 
in dry soil (Kavak and Wilson, 2018). Trees are found in 
almost pure stands (shallow gallery forests), mostly in 
areas with less inclination and abundant water (Ürker and 
Çobanoğlu, 2017). Oriental sweetgum is highly sensitive 
to abiotic factors. It prefers mostly rainy and humid places 
with approximately 950–1200 mm of rain (Kurt, 2008). It 
prefers alluvial soils on smooth ground, and low altitudes 
(optimum 0 to 500 m) (Kaya and Alan, 2003). Moreover, 
a regular water supply and a 15–20 °C annual average 
temperature are crucial for the species.

Despite their importance, the oriental sweetgum 
forests are in great trouble. State-sponsored farming 
initiatives in Türkiye, mostly in the form of incentives for 
citrus plantations, led to significant shrinkage of sweetgum 
forests since the 1950s. From 6312 ha in 1949, the groves 
shrank to 1337 ha in 1987 and currently, it stands at no 
more than 2000 ha (Huş, 1949; Kurt, 2008; Ozkil et al., 
2017). The sweetgum forests are highly fragmented, and 
they are now on the brink of extinction due to these local 
agriculture policies (Ürker and Çobanoğlu, 2017; Ozkil et 
al., 2017). Oriental sweetgum has been given Endangered 
(EN - A2c) status on IUCN Red List Categories (Ver. 
2022.1) (IUCN, 2023; Kavak and Wilson, 2018). 

EUFORGEN has listed this species as a protected tree on 
the scale of the European Continent (Kaya and Alan, 2003; 
EUFORGEN, 2009). According to the forestry statistics 
published by Republic of Türkiye Ministry of Agriculture 
and Forestry, the distribution of sweetgum forests declined 
sharply during the last decades, also resulting in increased 
forest fragmentation (General Directorate of Forestry, 
Republic of Türkiye, 2012).

The result is a scattered, fragmented family of 
threatened sweetgum groves (Ürker and Yalçın, 2011; 
Ozkil et al., 2017). Fragmented forests are harder to 
rescue and rehabilitate in the long run (Fahrig, 2003). 
As a result, the reestablishment of forest corridors and 
the reunification of the fragmented groves as restoration 
are crucial for this species to survive (Ülgen et al., 2020; 
Sharma and Roy, 2007). Biological corridors constructed 
from trees using silvicultural methods are forest clusters 
that maintain the integrity of forest fragments and they 
have a great potential for the ecological and economic 
sustainability of forest ecosystems (Myroniuk et al., 
2020). Although this conservation approaches results in 
significant knowledge and effective practical outcomes 
for restoration efforts, only little work has been done to 
investigate the bioecological demands and the effects 
of climate change on the remaining sweetgum forests 
(Yaltirik and Efe, 2000; Kurt, 2008; Corbaci et al., 2019). 
Therefore, research on the effects of future climate changes 
such as the possible distribution shifts for this species is 
often overlooked (Taşkın et al., 2008). 

Species distribution models (SDM) provide a valuable 
tool for identifying the range and patterns of distribution 
of species, often revealing patterns that would not be 
otherwise evident from existing data (Blanco et al., 2020; 
Pecchi et al., 2019). This information is valuable for guiding 
inventory, informing conservation strategies, designing 
preserves, and evaluating the conservation project effects 
(Helliwell and Chapman, 2013). In SDM, climate change 
scenarios are also widely used in conservation biology 
with predictive model principles (Hossell et al., 2003). 
These change scenarios are becoming more sophisticated, 
such as that they can be applied at the regional and 
subregional scale at which most nature conservation 
takes place. Techniques are being developed that allow the 
distribution of species under different climate scenarios 
to be modeled (Kirby, 2003). Those scenarios may help to 
explore various critical questions relating to the degree to 
which the current patterns of species occurrence may or 
may not survive in the future.

In this study, we aimed to explore the ecological and 
climatic factors that affect the past and future distribution 
patterns of the oriental sweetgum tree. To do this, we used 
the ecological niche modeling approach and predicted 
the species’ distribution range from Mid-Holocene to 
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the present, and to the future climatic projections (2070). 
We suggest that the results from this study will provide 
significant knowledge to the broader conservation 
policies of the oriental sweetgum forests, especially for 
the conservation efforts on the forest connectivity and 
permeability which allows the species movement in 
response to climate change.

2. Materials and methods
2.1. Study area
We designated our study area from Rhodes Island 
(Greece) to the southern coasts of Türkiye between the 
Great Meander River and Orontes River (Figure 1). We 
choose this area because it is the only area where regular 
and reliable data on the natural distribution of the species 
have been obtained since the last glacial period (Caudullo 
et al., 2017). The Mediterranean climate is often seen in the 
study area. The annual precipitation quantities are fairly 
high in locations where the oriental sweetgum tree grows, 
often between 950 and 1200 mm. But since it has not rained 
in the study region for a while, the summer drought has 
lasted anywhere from 3 to 6 months. Due to its closeness 
to tiny rivers or groundwater, the oriental sweetgum tree 
endures this dry summer season (Corbaci et al., 2019). 
The species grows best in humid, flat areas with alluvial, 

alluvial shore, and hydromorphic alluvial soil types in the 
hot Mediterranean environment (Güner et al., 1993; Kurt, 
2008). The oriental sweetgum tree grows most effectively 
in the maritime zone (0–200 m) in coastal areas, although 
it also grows rather well between 200 and 400 m and less 
healthily between 400 and 600 m. On hot, south/southeast 
facing slopes, it may thrive at altitudes of up to 900 m if 
it discovers a suitable land structure (Güner et al., 1993; 
Kurt, 2008; Corbaci et al., 2019). The oriental sweetgum 
tree can only grow in a narrow strip along perennial water 
lines and streams at the bottom of valleys in locations with 
high slopes. However, flat and very slightly sloping (0–5%) 
regions where water may spread are better suited for the 
development of forests (Huş, 1949; Özkil et al., 2017).
2.2. SDM methodology
We performed SDM to understand the past and the possible 
future changes in the geographical distribution related to 
climate change. We used WorldClim version 1.4 (CMIP5) 
for past (about 6000 years ago), present, and future (2070) 
potential distributions. The presence data which was 
collected by field observations between 2015 and 2020 were 
used to model several global climate change scenarios (see 
Figure 1 and Appendix 1). We used 2.5 arc/min resolution 
for past, current, and future climatic variables due to the 
magnitude of the study area. The modeling area is selected 

Figure 1. The study area. The gray dots in Figure 1 represent the distribution areas of oriental sweetgum recorded by different researchers 
in the past but not present today. The orange dots indicate the current oriental sweetgum records compiled by Caudullo et al. 2017. The 
red dots are the current occurrence records obtained from The Breakdown Table of Oriental Sweetgum Areas which had been prepared 
by the Muğla Regional Directorate of Forestry (Muğla RDoF 2012). Green areas on the map are the distribution areas that are updated 
during the field studies carried out by us within the scope of this study (see Appendix 1). The green crosses are the current occurrence 
records that were not previously recorded in the literature and were newly added during the field studies carried out by us during this 
study (see Appendix 1).



ÜRKER et al. / Turk J Bot

366

at 35° to 39° northern latitudes and 25.5° to 37° eastern 
longitudes. The modeling extent within the modeling area 
was constructed by outlining the distribution of Anatolian 
sweetgum with a 20-km buffer. For future projections, 
three global climate models (GCMs) were selected (BCC-
CSM2-MR, CNRM-CM6-1, and IPSL-CM6A-LR) and the 
results were averaged to be able to use the variations in 
the predictions of each global climate model. WorldClim 
version 1.4. projections for the Mid-Holocene were 
also produced for the same three GCMs (BCC-CSM5, 
CNRM-CM5, and IPSL-CM5A) as future projections. 
A correlation analysis between 19 bioclimatic variables 
was conducted to remove highly correlated variables to 
eliminate the effect of collinearity from the models (Elith 
et al., 2006). The variables that have correlation coefficients 
greater than 0.95 were removed based on the ecological 
needs of the species (see Appendix 2). The ecologically 
less important variables between correlated couples were 
removed from the data set. As a result, 13 bioclimatic 
variables were used to build the models (BIO2, BIO3, 
BIO4, BIO5, BIO7, BIO8, BIO9, BIO11, BIO12, BIO15, 
BIO16, BIO17, and BIO18). The species distribution 
models are widely used in ecological practices and there 
are several R packages available to apply a variety of 
modeling methods such as GLMs, random forest, etc. In 
this study, the ‘dismo’ package in R (Hijmans, 2011) was 
used to build species distribution models by the MaxENT 
algorithm (Philips et al., 2009). The model was built with 
1000 random background points and with 50 repeats. To 
construct the current distribution model of Anatolian 
sweetgum, MaxEnt function in dismo package was used, 
except for the background point beforementioned, other 

parameters were used as the default values of the function. 
Default parameters of  MaxEnt  function which were 

used in this study are shown below (Table 1).
Also, jackknifing was applied to detect the 

most important variable which shapes the species’ 
distribution. Lastly, for past and future models, we 
used the predict  function by using the current model to 
construct projections and the evaluate function was used 
to test the current distribution model’s  significance with 
1000 random points by using AUC values. 

3. Results
SDM of L. orientalis was built with 0.925 AUC. We 
consider this a robust prediction as the AUC values closer 
to 1 indicate more precise and descriptive models (Philips 
et al., 2006). The AUC values higher than 0.8 demonstrate 
that the predictive power of the models is higher and 
more accurate than a random prediction. Both the Mid-
Holocene model and future predictions have been averaged 
to be able to extract information from different GCMs; 
Figure 2 shows the averaged results of the models; and 
Appendix 3 shows the results of each global climate model 
(BCC-CSM5, CNRM-CM5, and IPSL-CM5A), separately. 
Besides, the variable BIO16 (precipitation of the wettest 
quarter) was the most explanatory variable which is in line 
with the ecological properties of the species (Figure 2). 

The SDM results show that the available habitats 
for L. orientalis in the Mid-Holocene (See Appendix 4) 
narrowed down through the following centuries until 
today.  It can also be seen in Figure 2a that the available 
habitats were in the north of its current distribution. While 
the species is mostly distributed in coastal riverine forests 

Table 1. Default parameters of MaxEnt function.

lq2lqptthreshold integer 80 Number of samples at which product and threshold features start being used

l2lqthreshold integer 10 Number of samples at which quadratic features start being used

hingethreshold integer 15 Number of samples at which hinge features start being used

beta_threshold double -1.0 Regularization parameter to be applied to all threshold features; negative value 
enables automatic setting

linear l boolean true Allow linear features to be used
quadratic q boolean true Allow quadratic features to be used
product p boolean true Allow product features to be used
threshold boolean true Allow threshold features to be used
hinge h boolean true Allow hinge features to be used

betamultiplier b double 1.0 Multiply all automatic regularization parameters by this number. A higher 
number gives a more spread-out distribution.

maximumbackground MB integer 10000 If the number of background points / grid cells is larger than this number, then 
this number of cells is chosen randomly for background points
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of southwestern Anatolia currently, Mid-Holocene results 
show the same occurrence probability for inner riverine 
forests as in coastal sides of southwestern Anatolia. The 
high occurrence probability predicted in Mid-Holocene 
models is also in line with the historical pollen record of 
the species (Dirik, 1986).

The results also demonstrate a good representation of 
its current distribution which forms a compact and high-
probability distribution area in southwestern Anatolia, 
especially around the coastal sides of those regions (Figure 
2b). It is seen that the dark green areas in the occurrence 
probability map almost completely overlap with the 

Figure 2. SDM results of L. orientalis. a) Mid-Holocene (approximately 6000 years B.C.) distribution 
predictions based on the current distribution of L. orientalis, an average of 3 different GCMs’ 
modeling results (BCC-CSM5, CNRM-CM5, and IPSL-CM5A).  b) Current (1970–2000) distribution 
predictions of L. orientalis. c) Future (2070) distribution predictions of L. orientalis, an average of 
3 different GCMs’ modeling results (BCC-CSM5, CNRM-CM5, and IPSL-CM5A). The occurrence 
probabilities of each model are increasing from pink to green.



ÜRKER et al. / Turk J Bot

368

current distribution points in the location map presented 
in Figure 1. 

However, the future predictions show a potential 
habitat expansion for L. orientalis in contrast to the 
habitat reduction from Mid-Holocene to the present day 
(Figure 2c). This result contradicts the expected range 
contraction with most of the Anatolian tree species (Usta 
Baykal, 2019; Dağtekin et al., 2022; Tekin et al., 2022). The 
results also suggest latitudinal expansion from the coastal 
sides of southwestern Anatolia to the Great Meander 
River. Orontes River and its surroundings follow the 
Mid-Holocene probabilities in the future, suggesting the 
availability of suitable habitats for L. orientalis. 

4. Discussion
In this study, we aimed to explore the effects of past and 
future climate changes on L. orientalis distribution across 
the southern coasts of Türkiye by utilizing a species 
distribution modeling approach. Our results showed 
that the species’ distribution range in the Mid-Holocene 
was slightly larger than today. The distribution range is 
contracted as the temperatures cooled down from Mid-
Holocene to today, and modeling results indicate that 
“the precipitation of the wettest quarter” (BIO16) was 
the most explanatory climatic variable affecting the range 
shifts. This is a plausible explanation considering that 
the sweetgum is highly sensitive to warm and humid 
conditions. In fact, annual precipitation is relatively high in 
locations where the oriental sweetgum tree grows, ranging 
between 950 mm and 1200 mm (Kurt, 2008). Corbaci et 
al. (2019) indicated that the primary climate factors are 
air temperature and total precipitation mediating plant 
development of the tree. Ürker and Yalçın (2011) pointed 
out that the life quality and expectancy of the tree are 
largely dependent on groundwater or the presence of 
constantly flowing streams. Given these results, we suggest 
that modeling outcomes are consistent with the previous 
literature.

On the other side, our results showed that the 
distribution range of the sweetgum is to potentially expand 
by 2070 with globally rising temperatures (see Appendix 
5). This presents significant implications with respect to 
the conservation aspects of the species. We believe that 
the sweetgum tree can expand its natural distribution 
along the southwestern coast of Türkiye, between the 
Orontes River (easternmost) and the Great Meander River 
(westernmost) in the next decades; however, it is crucial to 
take appropriate measures to improve the connectedness 
and permeability of landscapes surrounding protected 
areas, allowing for species migration in response to rising 
temperatures. While the shrinkage or displacement of 
endemic or endangered species with the increase in 
temperatures is a problem (de Queiroz et al., 2012; Deb et 

al., 2017; Cotado and Munne-Bosch, 2020; Rovzar et al., 
2016; Thomas et al., 2016), the fact that the habitat of this 
species can expand further emerges as an opportunity for 
the future of the species.

Planting trees at strategic locations have been 
demonstrated to be one of the most successful in situ 
conservation techniques for tree species (Mather, 1993). 
However, afforestation/plantation development must 
be done in conjunction with a comprehensive strategy 
for land use and ecosystem management. From the 
perspective of conservation biology, approaches such 
as species distribution models (SDM), land suitability 
analysis (LSA), and forest management plans (FMP) 
are used to improve the long-term in situ conservation 
capacity of a tree species (Malczewski, 2006; Moukrim et 
al., 2019).

Our results also confirm that using the SDM approach 
has high potential in decision-making processes in regard 
to conservation efforts of endemic species. SDMs have 
been used increasingly in recent years as a conservation 
tool to analyze especially endemic species’ extinction 
risks due to various factors (e.g., climate change, land use 
change, land cover change). For instance, Usta Baykal 
(2019) used SDMs to compare possible future distributions 
of Anatolian black pine (Pinus nigra J.F. Arnold) and 
Trojan fir (Abies nordmanniana subsp. equi-trojani (Asc. 
& Sint. ex Boiss.) Coode & Cullen) to assess conservation 
priority areas in possibly overlapping habitats for the 
endemic and endangered Trojan fir. Also, Aksoy (2022) 
used the SDM approach to predict the future distribution 
of Platanus orientalis L. which is one of the most prevalent 
monumental trees in Türkiye. Their results show habitat 
gain at higher altitudes and habitat loss at lower altitudes 
which emphasizes the importance of efficient conservation 
actions (Aksoy, 2022). Likewise, this study provides 
important insights to analyze the potential future status of 
an important endemic tree species in Türkiye. 

Studies show that using species distribution modeling 
is highly valuable in conservation efforts such as in 
identifying areas of high conservation value (Sahana et al., 
2023) or survey efforts to identify potential translocation 
areas (Eyre et al., 2022). However, it is also shown that 
complementing species distribution modeling with other 
approaches such as field survey data including current 
land use properties, legal status, and conservation status 
will improve the applicability of the model results in the 
field. We also note that our modeling results do not have 
the highest resolution to differentiate between riparian and 
non-riparian areas which are to be found as most suitable 
areas for the oriental sweetgum. Besides, improving data 
quality and applying complementary methodological 
approaches would increase the statistical robustness of 
modeling outcomes (Cayuela et al., 2009).
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4.1. Conclusion and future directions
We used the SDM approach to understand the past, 
current, and future distribution patterns of endangered L. 
orientalis in order to contribute to its short- and future-
term conservation efforts. The future potential distribution 
range of the oriental sweetgum tree is mostly government-
owned marshlands, wetlands, riverbanks, and other areas 
where the tree has been known to distribute naturally 
throughout its history. It is noteworthy that most of 
these areas fall within the mega/catastrophic forest fires, 
which started to increase throughout the Mediterranean 
Basin (Kalem et al., 2022). We see a high potential to 
use sweetgum forests as an important tool in buffering 
ecological crises. For instance, the sweetgum forests can 
be utilized in order to reduce the severity and movement 
of fires, especially in the form of riparian habitats and 
riverine forest ecosystems in these areas. Overall, we 
suggest that appropriate conservation measures should be 
established and maintained; the oriental sweetgum tree 
can survive many more decades by taking advantage of the 
rising temperatures.
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Appendix 1. The Occurrence points of oriental sweetgum tree.

Longitude Latitude Longitude Latitude

29.20531833 37.15496518 28.69261306 37.16245976
27.94153263 37.86704277 28.70118094 37.0975055
28.15363619 37.41430223 28.73418881 37.03553026
33.93704365 36.37499649 28.14719206 36.83853681
31.21258628 37.72492269 28.05800779 36.83737186
31.0029506 37.28365233 28.05099745 36.78644024
30.97716102 37.24550589 27.9100205 36.75696229
30.96174385 37.19508656 27.81927652 36.76861946
30.82107335 37.30487496 27.94626233 36.77885507
30.90417803 37.45493447 28.16512776 36.90302952
29.33715886 36.43721228 28.99369181 36.95644694
29.06513057 36.68580781 27.65805468 37.43528545
28.97320913 36.73534513 27.92389161 38.70794705
28.88261911 36.76581831 28.1059798 38.50333524
28.81272475 36.78966315 29.31583909 36.36037532
28.79530871 36.83713083 36.21856421 37.06044419
28.66914014 36.83592305 34.59498513 36.7840938
28.70930887 36.89893339 36.35100412 36.49785682
28.70795038 36.95525975 28.61636901 37.2595324
28.65310415 36.98359018 28.599183 36.906374
28.61067184 36.95230193 27.288121 37.714635
28.5850252 36.88798366 27.908695 37.863921
28.46780008 36.87300361 27.657517 37.434558
28.3823726 36.85352155 28.161973 37.563972
28.31316202 36.83098719 29.424917 36.806056
28.28264065 36.97120781 28.48305776 37.00274632
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Appendix 2. Correlation matrix of bioclimatic variables within the study extent.
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Appendix 3. AUC and response curves of the SDM of oriental sweetgum.
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Appendix 4. Mid-Holocene projection results of 3 GCMs.



ÜRKER et al. / Turk J Bot

5

Appendix 5. 2070 future projection results of 3 GCMs.
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