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Tulipa (Liliaceae) is a well-known ornamental plant that supports a horticultural trade worth over a
billion euros. Existing research highlights the expanding array of risks faced by Tulipa species, with
climate change emerging as a significant and escalating threat. However, the fate of phytogeographically
restricted red-flowering species of tulips in the Pamir-Alay mountain system is crucial, as they are also
harvested by local people or visitors purely for their ornamental attractiveness. To study this, 41
bioclimatic and ecologic variables were utilized in the investigation. The suitable areas for T. ingens are
expected to increase nearly twofold, while for T. affinis and T. carinata, they will remain constant.
However, suitable habitats for T. tubergeniana are projected to decrease considerably. Surprisingly, the
western Tian-Shan, where these species are not native, was highlighted as climatically suitable and may
be an important area for translocation efforts in the future for T. affinis, T. carinata, and T. ingens. We also
identified protected areas that could provide suitable habitats for these species. Additionally, we
recommend creating living collections of T. tubergeniana, given the significant decrease in suitable
habitat. Ultimately, relocating these species to protected regions with projected suitable habitats plays a

crucial role in supporting their survival.
© 2024 National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA), Publishing
Services by Elsevier. This is an open access article under the CC BY license (http://creativecommons.org/
licenses/by/4.0/).

Introduction

faces severe environmental and socio-economic challenges
(Asatulloev et al. 2023; Dekhkonov et al. 2023a; Dekhkonov et al.

Tulips (Tulipa spp.) are among the most popular and diverse
ornamental plants in the world, with around 76—87 (Zonneveld
2009; Christenhusz et al. 2013) species distributed from Central
Asia to southern Europe and northern Africa. Most species of wild
tulips are native to Central Asia (Christenhusz et al. 2013; Tojibaev
and Beshko 2014; Tojibaev et al. 2022), a region that harbors a high
level of plant endemism and biodiversity (Li et al. 2020), but also
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2023b; Wilson et al. 2021). A previous study (Khassanov 2019)
found that wild tulips are often neglected and threatened by
various factors, such as habitat loss, overgrazing, climate change,
and illegal collection. Therefore, the conservation of wild tulips in
Central Asia is of great importance for preserving the genetic di-
versity and evolutionary potential of this charismatic genus, as well
as for maintaining the ecological integrity and cultural heritage of
the region (Wilson 2023).

Protected areas, such as national parks, nature reserves, and
biosphere reserves, serve as safe habitats for endangered plants
(Joseph et al. 2020). These areas provide undisturbed habitats
where species can thrive without direct human interference.
Fragmentation due to urbanization, agriculture, and infrastructure
isolate plant populations. This isolation reduces genetic exchange

pISSN2287-884X eISSN2287-9544/© 2024 National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA), Publishing Services by Elsevier. This is an open
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and increases vulnerability. Translocation into protected areas
bridges these gaps, connecting fragmented populations and pro-
moting gene flow (Magro et al. 2023). Such as in Uzbekistan,
especially, there are several protected areas that are currently
maintaining endangered wildlife to survive or recover their pop-
ulations (Djurayev and Kurbanova 2024). For both endangered
plant and animal species, protected areas can be important habi-
tats. However, whether they provide suitability for these species or
not is considered a scientific challenge. The most useful way is to
develop climatic scenarios based on distribution models.

One of the main tools for assessing the conservation status and
planning conservation actions for endangered plant species,
including wild tulips, is species distribution modeling (SDM),
which uses environmental variables and occurrence records to
predict the potential distribution and suitable habitat of a species
(Wilson et al. 2021; Pearson et al. 2014). Among the various
methods of SDM, maximum entropy (MaxEnt, Phillips et al. 2006)
is a widely used and robust technique that has been successfully
applied to model the distribution of many plant species, including
tulips. MaxEnt estimates the most uniform distribution across the
study area, subject to the constraints that the expected value of
each environmental variable under this distribution matches its
empirical average over the occurrence records (Phillips et al. 2006).
MaxEnt can also incorporate different types of environmental
variables, such as climatic, topographic, and biotic factors, and can
produce different types of model outputs, such as probability of
presence or habitat suitability (Elith et al. 2006).

Previous outstanding research on Central Asian tulips, where
most of them are concentrated in western Tian-Shan, determined
that suitable habitats for nine species will notably decrease. In
addition, Asatulloev et al. (2022) used ecological niche modeling to
determine the ecological distribution of five species of Tulipa sect.
Kolpakowskianae in western Tian-Shan, T. ferganica, T. intermedia,
and T. scharipovii, and suggested possible places to translocate if
extinction risk will appear in their current territory. However, there
is a gap in the current and future status of species of Tulipa in the
Pamir-Alay mountain system, represented mainly by Tulipa sect.
Lanatae (Raamsd) Zonn. Hence, in this study, we used MaxEnt to
model the distribution of four endangered species of Tulipa,
T. affinis, T carinata, T. ingens and T. tubergeniana (nationally,
Khassanov 2019) with unique morphologic (Dekhkonov et al. 2022)
and phytogeographical characteristics (Asatulloev et al. 2023;
Dekhkonov et al. 2021). However, these species were assessed by
the IUCN Red List as following: T. affinis and T. carinata as VU
(vulnerable) (Wilson et al. 2022a; 2022b), T ingens and
T. tubergeniana as NT (near threatened) (Wilson et al. 2022c;
2022d). The species concepts used in this study follow the
morphological descriptions of Tojibaev et al. (2022) and checked
Plants of the World Online (POWO; https://powo.science.kew.org/
results?q=Tulipa) whether they are accepted or not.

The aims of this study were:

- to model the current and future distributions of these species
across different climate change scenarios.

- To identify suitable protected areas for translocation efforts to
mitigate threats.

Material and methods
Data collection
The distribution data of the species of Tulipa were based on

specimens in the herbaria National Herbarium of Uzbekistan
(TASH), The Herbarium Fund of the Institute of Botany, Plant

Physiology and Genetics of Tajikistan (TAD) and Institute of Biology,
Bishkek, Kyrgyzstan (FRU) and in the Global Biodiversity Informa-
tion Facility (GBIF) database (GBIF, 2023). Our field studies were
conducted from 2020 to 2023 in diverse regions of Uzbekistan,
Kyrgyzstan, and Tajikistan. We used a Global Positioning System
(GPS) to record the locations of the populations we studied. All the
collection records were checked to see whether they have unreli-
able points that were removed by utilizing the ‘enmSdm’ R package
to mitigate errors in the subsequent analysis (Morelli et al, 2020).
Ultimately, 31 locations for T. tubergeniana, 53 for T. ingens, 70 for
T. affinis, and 29 for T. carinata were obtained to build the SDM of
each species. Photos of the study objects are shown in Figure 1.

Preparing and choosing predictor variables

A total of 41 variables were used in this study, encompassing 19
bioclimatic (Fick and Hijmans 2017), 18 Envirem (Title & Bemmels
2018), 3 topographic, and soil data (Fischer et al. 2008). Biocli-
matic variables were obtained from the Worldclim website at a 30
arcsec resolution and cropped. Additional topographic variables
were either created or obtained, as detailed in Appendices A and B.

Central Asia the correlations between all the variables were
assessed using Spearman correlation analysis implemented in the
SDMtune package in R software (R Core Team 2013; Vignali et al.
2020), and we removed the variables that have a Spearman cor-
relation coefficient |rs|<0.7. Variable importance was determined
by employing the 'SDMTune’ R package, which included functions
for variable selection during the modeling pre-processing phase for
variable selection through cross-validated maximum entropy
modeling, ‘using the predictions from the R libraries and the cor-
relations between variable pairs, we pinpointed several sets of
variables that could be influential in the current distribution of each
species. Subsequently, the ’Ellipsenm’ R package (Cobos et al. 2019)
was employed to evaluate and select the best model according to
the criteria, where the best model was the one statistically signif-
icant, with low omission rates and low prevalence by calibrating
candidate models. All variables that were predicted to be included
in the distribution models fitted can be seen in Appendix B.

Modeling species niches and future predictions (CCMs)

Maximum entropy is the one of the most well-known and
extensively utilized techniques in scientific research for SDM
(Fitzpatrick et al. 2013; Fourcade et al. 2014). In the model pro-
cessing stage, we used the SDMtune package for SDM and climate
change modeling (CCMs). During modeling the niches of tulips
with limited data, the performance of algorithms can be influenced
by how pseudo-absences are distributed across the calibration area
(Barbet-Massin et al. 2012). A 20 km radius buffer zone was created
around each record for all species, taking into account their ecology,
dispersal capabilities, and geographical barriers.

To achieve unbiased and robust model outputs for all distribu-
tion modeling, we employed several techniques, including: (1)
using target-background sites instead of random background sites:
this reduces bias by selecting background locations that are
ecologically similar to the areas where the species might occur
(Phillips et al. 2009). Evaluating models using random cross-
validation: this assesses model performance by splitting the data
into training and testing sets, ensuring the model generalizes well
to unseen data (Elith et al. 2006). (3) Analyzing geographic space
for the degree to which predictions are extrapolated using Multi-
variate Environmental Similarity Surface plots: this helps to iden-
tify areas where the model predictions are based on environmental
conditions outside the range of the training data (Elith et al. 2010).
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Figure 1. A, T. affinis; B, T. ingens; C, T. carinata; D, T. tubergeniana.

A Maxent premodel was constructed using environmental vari-
ables, allocating 25% of the data for testing and 75% for training.

For climate change modeling, we selected the Beijing Climate
Center (BCC) BCC-CSM2-MR model (Wu et al. 2021). The scenarios
employed were the Shared Socioeconomic Pathways (SSPs), which
are important inputs for the latest global climate models (Riahi
et al. 2017). The shared socio-economic pathway scenarios are
based on narratives describing various socio-economic de-
velopments, such as sustainable growth, regional competition,
inequality, fossil-fueled development, and moderate progress. For
modeling future plant species distributions, we considered
SSP2_45 and SSP5_85 as climate scenarios. Notably, SSP2_45 differs
from SSP5_85 due to its higher CO, emissions. We utilized three
global circulation models (MIROC-ES2L, MIROC6, and MRI-ESM2-0)
to represent the two concentration pathways (ssp245 and ssp585).
Accordingly, using the SSP2_45 and SSP5_85 scenarios, we pre-
dicted the potential future distribution areas of the species for the
time periods 2041 to 2060 (averaged for 2050) and 2081 to 2100
(averaged for 2090), respectively. Finally, we calculated the com-
bined area of all the predicted regions, ranging from unsuitable to
highly suitable, for both the current and future distribution areas of
the species based on the SDM and CCMs employed in our
projections.

Model evaluation and creating suitability maps

For model evaluation, we used area under the curve (AUC) and
true skill statistics (TSS) in all ecological niche models (ENMs) and
climate change models (CCMs) of the species. Threshold values
were established as follows: Values > 0.9 were best, 0.9 > Values >

0.8 very good, 0.8 > Values > 0.7 good, and Values < 0.7 weak
(Allouche et al. 2006; Leroy et al. 2018). We employed these four
threshold values in the creation of maps for the species, where '0—
0.25’ represents unsuitable areas, '0.25—0.5’ indicates areas of low
suitability, '0.5—0.75’ signifies areas of moderate suitability, and
’0.75—1’ denotes highly suitable areas following Shrestha and Bawa
(2014).

The elevation ranges were calculated using the GPSVisualizer
tool (https://[www.gpsvisualizer.com/elevation) for each species
using all available coordinates. Protected areas of Uzbekistan were
derived from the Protected Planet database (UNEP-WCMC and
[UCN 2024).

Results

In this study, we modeled current (Figure 2) and future pre-
diction (CCMs) (Figure 3) projections for four species of Tulipa sect.
Lanatae. First, the accuracy of the MaxEnt models was assessed
using AUC and TSS (Table 1).

The model AUC and TSS values varied from 0.96 to 0.99 and
0.85 to 0.95, respectively. We removed highly correlated variables
and determined important variables (used in the modeling) as
following: for T. tubergeniana were biol3 (precipitation of the
wettest month), bio15 (precipitation seasonality), bio7 (tempera-
ture annual range), PETWettestQuarter (potential evaporation of
wettest quarter), for T. affinis were bio16 (precipitation of wettest
quarter), bio18 (precipitation of warmest quarter), bio2 (mean
Diurnal Range), and bio3 (isothermality), for T. carinata were bio19
(mean temperature of driest quarter), bio14 (precipitation of driest
month), bio2, bio3, for T. ingens were the aridity index of
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Figure 3. Future CCMs of the selected species and protected areas. CCMs = climate change models.

Thornthwaite (aridity index of Thornthwaite), bio19, bio14, and
bio2 (permutation importance can be seen in Appendix C).

Our model projections indicated that while the Pamir-Alay re-
gion contains the vast majority of areas with a highly suitable
climate, neighboring regions contain a majority of areas with low or
unsuitable climates for all four species of Tulipa species in current
scenarios.

Interestingly, other Central Asian mountain ranges, such as the
Tian-Shan (Chatkal, Pskem, and some parts of the Karatu ranges)
and Hindu-Kush also exhibits climatic conditions conducive to
T. affinis, T. carinata, and T. ingens, albeit beyond their current
native range. For T. tubergeniana, the Pamir-Alay and Hindu Kush
mountains were determined to be suitable. SSP2_45 and SSP5_85
scenarios predicted almost similar expansion and contraction of

suitable habitats for all species. In the future, according to the
results from both scenarios, suitable areas for T. ingens will in-
crease nearly twofold, and for T. affinis and T. carinata, it will
remain constant, while for T. tubergeniana, it will decrease greatly
(Figure 3 and Table 2).In the future, the following protected areas
have been designated as suitable habitats: Upper Tupalang Na-
tional Natural Park, the Surkhan State Nature Reserve, Nurata
State Nature Reserve, Aktau State Wildlife Sanctuary, and
Koshrabad State Wildlife Sanctuary are suitable for T. affinis.
Meanwhile, Surkhan State Nature Reserve and the Hissar State
Nature Reserve are identified as suitable for T. carinata, and Hissar
State Nature Reserve, Upper Tupalang National Natural Park, and
Babatag National Natural Park are determined to be suitable for
T. ingens.
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Table 1. Assessment of MaxEnt models accuracy.

Models T. affinis T. carinata T. ingens T. tubergeniana
AUC 0.96 0.96 0.98 0.97
TSS 0.89 0.85 0.93 0.91

AUC = area under the curve; TSS = true skill statistics.

Table 2. Unsuitable-high suitable area (km?) under current and different future
projections (SSP2_45 and SSP5_85 are moderate and normal development sce-
narios, respectively).

Scenarios Unsuitable Low suitable Suitable High suitable
T. affinis
Current 526,390 190,403 57,581 105,937
SSP2_45 41-60 655,067 181613 71,537 100,518
SSP5_85 41-60 683,861 17,7825 67,599 79,456
SSP2_45 81-100 705,483 170,566 60,801 71,895
SSP5_85 81-100 721,018 173,632 51,797 62,326
T. carinata
Current 609,181 105,369 67166 98,625
SSP2_45 41-60 695,902 92,599 70,147 149,973
SSP5_85 41-60 744,466 90,870 52,520 120,854
SSP2_45 81-100 718,609 86,224 70,180 133,639
SSP5_85 81-100 689,999 121,299 76,038 121,308
T. ingens
Current 352,316 246,990 133,819 147,025
SSP2_45 41-60 401,452 283,357 164,715 159,003
SSP5_85 41-60 389,413 272,209 195,218 151,987
SSP2_45 81-100 396,131 252,293 204,194 156,036
SSP5_85 81-100 414,150 225,877 206,971 161,681
T. tubergeniana
Current 395,376 328,493 63,073 93,959
SSP2_45 41-60 651,711 338,921 15,442 2719
SSP5_85 41-60 831,637 172,405 2222 2609
SSP2_45 81-100 811,191 196,841 339 455
SSP5_85 81-100 812,521 189,406 3124 3913
Table 3. Altitude range of studied species in m a.s.l.
Species Altitude (max) Altitude (min)
T. affinis 2600 411
T. carinata 3330 747
T. ingens 3569 957
T. tubergeniana 1732 422

We also determined the altitude range of selected species in this
study (Table 3). According to the results, T. carinata and T. ingens
prefer higher altitudes occurring between 747—57 m a.s.l. to 3339—
3569 m a.s.l., respectively. Tulipa affinnis and T. tubergeniana thrive
between 411—422 m a.s.l. to 2600—1732 m a.s.l,, respectively.

Discussion

In this study, we assessed the present and projected future
suitable habitats for four wild tulip species found in the Pamir-
Alay mountains. The general results showed that tulips deemed
native to Pamir-Alay may grow in western Tian-Shan, according
to the models. These findings were obtained by Wilson et al.
(2021) when ten species of Tulipa in western Tian-Shan and
adjacent areas were modeled using the MaxEnt approach. Their
results showed that Pamir-Alay can provide suitable habitats for

some of those species as well. Because Tian-Shan and Pamir-Alay
mountains exhibit similar climatic conditions in specific regions,
potentially enabling species native to one range to thrive in the
other. However, additional factors not accounted for in species
distribution models could hinder their survival in these habitats.
Below, we discuss the main findings of this study for each
species.

Recommendations to conserve species based on modeling

Tulipa affinis mostly occurs in the Nuratau mountains, a north-
western branch of the Pamir-Alay, Malguzar, and Turkestan ridges
(Uzbekistan, Kyrgyzstan, and Tajikistan). Tulipa affinis is typically
found on the fine-earth, stony slopes of the mid-mountains with
shrubs and in juniper forests. It thrives in direct sunlight and tends
to grow in open areas on slopes where other shrubs are absent.
Some populations of T. affinis are commonly clustered together in
specific areas of a slope that offer optimal conditions for their
growth. Currently, T. affinis populations are affected by anthropo-
genic threats such as urbanization, agricultural expansion, over-
exploitation, and overgrazing (IKhassanov 2019, pp. 141; Hisoriev
2017; Shukurov 2006). Even microbial invasion was also wit-
nessed for this species (Dekhkonov et al. 2023a). Our model high-
lighted no significant loss of suitable habitat for this species in the
future. However, other threats may lead to populations decline.
Thus, we infer here that to mitigate population decrease, stake-
holders must control anthropogenic threats to populations. The
populations can also be translocated to higher elevations (till
2600—2800 m a.s.l.) where anthropogenic impact cannot reach. We
also concluded that T. affinis can be introduced into Upper Tupalang
National Natural Park and the Surkhan State Nature Reserve in the
Pamir-Alay Mts. or to Nurata State Nature Reserve, Aktau State
Wildlife Sanctuary, and Koshrabad State Wildlife Sanctuary, as both
elevation and environmental conditions enable it to adapt to these
habitats. Additionally, the western Tian-Shan mountains, which are
included in the territories of Uzbekistan and Kazakhstan, may
provide stable habitat for T. affinis, as highlighted by our model.

Tulipa carinata is endemic to the SW Pamir-Alay region, which
covers Tajikistan, Turkmenistan, Uzbekistan, and Afghanistan
(Botschantzeva, 1962). In Uzbekistan, it is in the Kughitang and
Hissar ranges, as well as in the Baysun mountains (Tojibaev and
Kadirov, 2010). It typically thrives in habitats with fine earth, stony
slopes, and rock ledges (Pechenitsyn et al. 2020). The main threats
are urbanization and overgrazing. It can be found in Surkhan State
Nature Reserve (Dekhkonov et al. 2023a). Our model showed that
suitable habitats for Tulipa carinata will increase in the future. Even
when we used coordinates that are mostly within southern Uzbe-
kistan, the model predicted that western Kyrgyzstan and the
northern Afghanistan parts of the Pamir-Alay can be most suitable
habitats and maybe even potential territory for translocation for
Tulipa carinata. Furthermore, our model highlighted the Kurama and
Chatkal ranges of western Tian-Shan are suitable for this species. In
Uzbekistan, in addition to the Surkhan State Nature Reserve, the
Hissar State Nature Reserve can also provide suitable habitat for the
translocation of T. carinata. Translocation ranges of 3000 m—3500 m
a.s.l. elevation can be considered suitable.

Tulipa ingens grows around or in juniper forests on rocky slopes
and in red clays in the Hissar and Baysuntau ranges of western
Pamir-Alay and in the Surkhan State Nature Reserve, and the main
threats are urbanization, agriculture, overgrazing, and parasitism

Please cite this article as: Davron D et al., Beauty demands sacrifices: is it possible to overcome both climate change and anthropogenic impact
for Pamir-Alay Tulips (Liliaceae)?, Journal of Asia-Pacific Biodiversity, https://doi.org/10.1016/j.japb.2024.05.005




6 D Davron et al. / Journal of Asia-Pacific Biodiversity xxx (Xxxx) Xxx

(Dekhkonov et al. 2023a; Tojibaev and Kadirov, 2010; Hisoriev,
2017). As our model predicted, suitable habitat will slightly in-
crease for T. ingens in the future (however, the territory of the
Surkhan State Nature Reserve is not included in this expansion).
Tulipa ingens can be translocated to the Hissar State Nature Reserve,
Upper Tupalang National Natural Park and Babatag National Nat-
ural Park. The same as for the two previous species of Tulipa, the
western Tian-Shan is also predicted to be suitable, even though
T. ingens does not occur there now. For introductions, elevation
should also be considered an important factor. The selected terri-
tory must be within 1000 m—3500 m a.s.l.

Tulipa tubergeniana is endemic to the SW Pamir-Alay (Tajikistan,
Uzbekistan); it is in various regions of Uzbekistan, such as the
Hissar, Kughitang, and Babatag ranges and in the Baysun Mts.
(Botschantzeva, 1962). It typically thrives in habitats characterized
by outcrops of variegated beds, clayey slopes, among pistachio
stands, in the foothills and in the lower mountain belt (Pechenitsyn
et al, 2020). The main threats to T. tubergeniana are urbanization
and agriculture. From 2013 to 2017, urban development led to the
disappearance of 38% (10 out of 26) of the populations of
T. tubergeniana in the foothills of Pashkhurt village in the Sherabad
district and currently it is also protected in the Surkhan State Na-
ture Reserve (Dekhkonov et al. 2023a; Shukrullozoda et al. 2023). In
Tajikistan, this species lacks study; however, is threatened by
agriculture, overgrazing, and illegal harvesting (Hisoriev 2017).
Unfortunately, our model showed that suitable habitat for
T. tubergeniana will decrease by 95%—96% within the next 80 years.
Thus, urgent conservation action must be taken, including estab-
lishing ex-situ collections in botanical gardens.

Limitations of the model

Despite our valuable climatic modeling, this study has several
limitations related to species-environment relationships (Kaky et al.
2020), land use changes, and invasive species (Early et al. 2016). Also,
we couldn’t get the occurrence point from Afghanistan as it is un-
available and used in the modeling. Additionally, certain geographic
barriers—such as mountains, deserts, and urbanized areas—often
impact species distribution ranges, but are typically overlooked. For
instance, our model suggests that the western Tian-Shan mountains
could be suitable for three of the studied species, even though the
Pamir-Alay mountains serve as their primary habitat. However, be-
tween the Pamir-Alay and western Tian-Shan mountains lie
numerous urbanized territories and agricultural lands, which act as
significant barriers to species dispersal. Also, our model showed
western Tian-Shan is suitable for three species; however, it must be
checked to see if this mountain can provide suitable habitat for them,
comparing specific properties with the Pamir-Alay mountains. To
enhance accuracy, future research should consider a broader range of
relevant factors (both abiotic and biotic) and explore more adaptable
algorithms. Additionally, investigating species responses during the
Last Glacial Maximum and the mid-Holocene will provide further
insights into their adaptation to climate change (Breiner et al. 2015;
Wang et al. 2017).

Conclusion

Tulips are highly ornamental plants that are valued for their
renowned beauty. Previous studies emphasize that wild tulips,

which serve as the ancestors of cultivated varieties face risks due
to various human-induced activities such as overgrazing and
excessive exploitation. To better understand the anthropogenic
threats and the impacts of climate change on four large red-
flowering species of tulip of particular interest to people we
used species distribution modeling to develop current and
predict future distributions. Our research findings reveal that
three out of the four modeled tulip species do not exhibit a
decline in suitable habitat areas due to climate change. However,
our models indicate that T. tubergeniana will experience a sig-
nificant reduction in its habitat. While climate change impacts
tulip species, the effects are not always consistent across all
species. Despite some species remaining unaffected by climate
change, they still face threats from human activities. Conse-
quently, we have identified several protected areas that could
serve as secure habitats based on their modeled ranges. Inter-
estingly, although the Pamir-Alay mountains cover much of the
native range for these species (as supported by our models),
areas in the Hindu Kush and western Tien-Shan also offer
potentially suitable climates for translocation efforts. These
proposed conservation measures warrant further investigation
for feasibility but could enhance the survival prospects of these
species in the face of both climate-related and anthropogenic
threats.
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Appendix

Appendix A. Predictor variables used in modeling studies.
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recommendations to be included in the models by different

methods built in R library.

Variables

Source database

Which R package/packages
recommended it to be included
in the species ENMs?

Source

BIO1 (annual mean
temperature)
BIO2 (mean diurnal range)

BIO3 (isothermality)

BIO4 (temperature seasonality)

BIO5 (max temperature of
warmest month)

BIO6 (min temperature of
coldest month)

BIO7 (temperature annual
range)

BIO8 (mean temperature of
wettest quarter)

BIO9 (Mean Temperature of
Driest Quarter)

BIO10 (mean temperature of
warmest quarter)

BIO11 (mean temperature of
coldest quarter)

BIO12 (annual precipitation)

BIO13 (precipitation of wettest
month)

BIO14 (precipitation of driest
month)

BIO15 (precipitation
seasonality)

BIO16 (precipitation of wettest
quarter)

BIO17 (precipitation of driest
quarter)

BIO18 (precipitation of
warmest quarter)

BIO19 (precipitation of coldest
quarter)

annualPET (annual potential
evapotranspiration)
aridityIndexThornthwaite
(Thornthwaite aridity index)
climaticMoisturelndex (a
metric of relative wetness
and aridity)
continentality (average temp. of
warmest month - average
temp. of coldest month)
embergerQ (Emberger’s
pluviothermic quotient)
growingDegDays0(sum of
mean monthly temperature
for months temperature
greater than 0°C multiplied
by number of days)
growingDegDays5
(temperature greater than

Worldclim.org

Worldclim and Envirem

(Ecospat); (Ecospat);
(Embarcadero); (Ecospat);
(Embarcadero)

(Ecospat); (SDMTune);
(Embarcadero); (Ecospat);
(Ecospat)

(Embarcadero); (Ecospat);
(Embarcadero); (SDMTune);
(Ecospat)

(Embarcadero)
(SDMTune); (SDMTune);
(Embarcadero); (Ecospat)
(SDMTune); (Embarcadero)

(Ecospat); (SDMTune)

(SDMTune); (SDMTune)

(Ecospat); (SDMTune);
(Embarcadero); (Ecospat)
(SDMTune); (Ecospat);
(SDMTune); (Embarcadero);
(SDMTune); (SDMTune);
(Ecospat); (SDMTune);
(Embarcadero); (Ecospat)

(Embarcadero); (Ecospat)
(SDMTune); (SDMTune)
(Embarcadero); (SDMTune);
(SDMTune); (SDMTune);
(Embarcadero); (Ecospat)
(Embarcadero); (Ecospat)

(SDMTune); (Ecospat)

(Embarcadero)

(Fick and Hijmans 2017)

(Fick and Hijmans 2017)

(Fick and Hijmans 2017)

(Fick and Hijmans 2017)

(Fick and Hijmans 2017)
(Fick and Hijmans 2017)
(Fick and Hijmans 2017)
(Fick and Hijmans 2017)
(Fick and Hijmans 2017)
(Fick and Hijmans 2017)
(Fick and Hijmans 2017)

(Fick and Hijmans 2017)
(Fick and Hijmans 2017)

(Fick and Hijmans 2017)

(Fick and Hijmans 2017)

(Fick and Hijmans 2017)
(Fick and Hijmans 2017)
(Fick and Hijmans 2017)

(Fick and Hijmans 2017)

(Zomer et al. 2008)

(Thornthwaite 1948)

(Willmott and Feddema 1992; Vérosmarty et al. 2005)

(Rivas-Martinez and Rivas-Saenz 2009 (internet resource!))

(Title & Bemmels 2018)

(Metzger et al. 2013)

(Metzger et al. 2013)

(continued on next page)

Please cite this article as: Davron D et al., Beauty demands sacrifices: is it possible to overcome both climate change and anthropogenic impact
for Pamir-Alay Tulips (Liliaceae)?, Journal of Asia-Pacific Biodiversity, https://doi.org/10.1016/j.japb.2024.05.005



http://Worldclim.org

10 D Davron et al. / Journal of Asia-Pacific Biodiversity xxx (Xxxx) Xxx

(continued )

Variables Source database Which R package/packages Source
recommended it to be included
in the species ENMs?

5°C multiplied by number of
days)
maxTempColdestMonth — (Metzger et al. 2013)
(maximum temperature of
the coldest month)
meanTempColdestMonth (Embarcadero);
(maximum temperature of
the coldest month)
minTempWarmestMonth - (Metzger et al. 2013)
(minimum temperature of
the warmest month)

PETColdestQuarter (mean - (SDMTune); (Embarcadero); (Metzger et al. 2013)
monthly PET of coldest (SDMTune)
quarter)
PETDriestQuarter (mean - (SDMTune); (SDMTune) (Metzger et al. 2013)
monthly PET of driest
quarter)
PETseasonality (monthly - (Embarcadero); (SDMTune); (Metzger et al. 2013)
variability in potential (Ecospat)
evapotranspiration)
PETWarmestQuarter (mean — (Embarcadero) (Metzger et al. 2013)
monthly PET of warmest
quarter)
PETWettestQuarter (mean — (SDMTune) (Metzger et al. 2013)
monthly PET of wettest
quarter)
thermInd (compensated — (Rivas-Martinez and Rivas-Saenz 2009 (internet resource!))
thermicity index)
tri (terrain roughness index) (Wilson et al. 2007)
topoWet (SAGA-GIS (Title and Bemmels 2016; (Boehner et al. 2002)
topographic wetness index) Worldclim 2022)
Elevation Obtained from SRTM data (Embarcadero); (Ecospat); (Worldclim 2022)
(Ecospat); (Embarcadero)
Slope Created using spatial analyst (SDMTune); (SDMTune) Created using spatial analyst tools in ArcMap
tool in ArcMap
Aspect Created using spatial analyst (Ecospat) Created using spatial analyst tools in ArcMap
tool in ArcMap
Soil Created using spatial analyst (Fischer et al. 2008)

tool in ArcMap

Appendix C. Variable importance for the species of Tulipa.

Algorithm Variables Permutation importance
T. tubergeniana
1 MaxEnt bio13 24
2 bio15 28.2
3 bio7 214
4 PETWettestQuarter 26.4
T. affinis
1 MaxEnt bio16 21.7
2 bio18 39.6
3 bio2 222
4 bio3 16.5
T. carinata
1 MaxEnt bio14 25.7
2 bio19 239
3 bio2 25.8
4 bio3 24.6
T. ingens
1 MaxEnt aridityIndexThornthwaite 234
2 bio14 22.7
3 bio19 215
4 bio2 324
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