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Abstract  Poa bactriana Roshev, a perennial monocot, serves as a crucial forage plant for both livestock and wildlife in 

Central Asia and the Himalayas. Despite its ecological importance, our understanding of its distribution and ecological niche 

remains limited, raising concerns about its vulnerability to climate change and anthropogenic impacts. In this study, we 

employed Maxent, a Species Distribution Modeling (SDM) method, to predict the present and future distribution of P. 

bactriana using occurrence data and environmental variables. Our analysis identified altitude, aridity index, and various 

bioclimatic and topographic variables as primary determinants influencing the distribution of P. bactriana. Presently, the 

species is predominantly concentrated in mountainous regions spanning Central Asia, Iran, Afghanistan, and select areas of 

Mongolia, Turkey, Russia, and China. However, projections under two climate change scenarios (RCP2.6 and RCP8.5) for 

2050 reveal a significant decline in suitable habitat and habitat quality for P. bactriana. Elevations ranging from 1500 to 4000 

meters emerged as optimal habitats, underscoring the critical importance of high-altitude landscapes in supporting this 

species. Our study provides novel insights into the ecology and biogeography of P. bactriana, emphasizing the urgent need for 

conservation and management strategies to safeguard its future amidst changing environmental conditions.  
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1. Introduction 

Poa bactriana Roshev is a monocot species with 5–70 cm 

high and with a loose, oblong or pyramidal panicle. Culms 

35–70 cm tall, bulbous at the base, more or less erect. Leaves 

narrowly linear, 1–3 mm broad, flat or involute, rather 

scabrous. Panicles many–flowered and rather loose, oblong 

or pyramidical, the prominently scabrous branches 2–6 cm 

long (Komarov, 1934). Mainly occurs in mountain slopes 

and ravines. The species was described from Uzbekistan in 

1923 and type specimen kept at Vascular Plants Herbarium 

of the Komarov Botanical Institute RAS (LE). 

Species Distribution Modelling (SDM) is a powerful tool 

for predicting the spatial and temporal patterns of species 

occurrence and abundance, based on environmental data  

and species records (Phillips, Anderson et al., 2006). SDM 

can be used for various purposes, such as exploring the 

ecological  niche of a species,  assessing  the impacts of  
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climate change and habitat loss, identifying potential   

areas for conservation and restoration, and understanding  

the evolutionary and biogeographical history of a species 

(Farashi and Alizadeh–Noughani, 2023). Up to present states 

of monocots in the examples of monocots under different 

climate change (Dekhkonov et al., 2023a), suitable habitat 

prediction (Asatulloyev et al., 2022), distribution patterns 

(Asatulloev et al., 2023; Dekhkonov et al., 2021; Tojibaev et 

al., 2022) and conservation issues (Dekhkonov et al., 2023b; 

Makhmudjanov et al., 2022) were investigated properly. It is 

also useful in identifying natural plantation areas for 

propagation of medicinal plants (Gulomov, 2023). 

One of the most widely used methods for SDM is the 

maximum entropy (Maxent) approach, which estimates the 

most uniform distribution of a species across the study area, 

subject to the constraints derived from the environmental 

variables and the species observations (Phillips, Dudík et al., 

2004). Maxent has several advantages over other methods, 

such as being able to handle presence–only data, incorporating 

complex interactions and nonlinearities among variables, 

and providing a probabilistic output that can be interpreted as 

habitat suitability or relative abundance (Baldwin, 2009). 
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In this study, we applied SDM using Maxent to model the 

distribution of P. bactriana, a perennial grass species native 

to Central Asia and the Himalayas. It is an important forage 

plant for livestock and wildlife, and has been used as a 

bioindicator of environmental conditions. However, little is 

known about its ecological niche and distribution patterns, 

and how they may change under future scenarios of climate 

change and land use. Therefore, we aimed to address the 

following research questions: What are the main environmental 

factors that determine the distribution of P. bactriana in   

its native range? How will the distribution and suitability of 

P. bactriana change under different climate change and land 

use scenarios in the future? 

To answer these questions, we used occurrence data of   

P. bactriana from various sources, including GBIF, and 

environmental data from WorldClim (Fick and Hijmans, 

2017) and other sources. Our study provides novel insights 

into the ecology and biogeography of P. bactriana, and 

contributes to the conservation and management of this 

species and its habitats. 

2. Materials and Methods 

Data collection. The distribution of the species of P. 

bactriana was collected using a Global Positioning System 

(GPS) in Uzbekistan, Kyrgyzstan and from points available 

on the Global Biodiversity Information Facility website 

(GBIF, 2023). The study area comprised Central Asia, Iran, 

Afghanistan and small part of Mongolia, Russia and China 

(Figure 1). 

 

Figure 1.  Spatial distribution of sample points and elevation 

 

Figure 2.  Correlation between most important variables in distribution of P. bactriana 

altitude aridityIndexThornthwaitebio7 bio11 bio12 bio13 bio18 climaticMoistureIndexGloAspectCIEGloAspectClNGloAspectClSGloAspectClWGloSlopesCl3GloSlopesCl4GloSlopesCl5GloSlopesCl6GloSlopesCl7GloSlopesCl8

altitude 1 -0,16156 0,28078 -0,12573 0,27509 0,21548 -0,52203 0,04413 0,24922 0,27599 0,27197 0,23959 -0,1788 0,10003 0,23964 0,36917 0,41732 0,46199

aridityIndexThornthwaite-0,16156 1 0,3178 -0,18521 0,5187 0,3935 0,20921 -0,74618 -0,14212 -0,10395 -0,11101 -0,1231 0,1014 -0,0281 -0,09988 -0,19343 -0,20871 -0,22606

bio7 0,28078 0,3178 1 -0,28456 0,5137 0,7464 0,28992 -0,08347 0,07276 0,10528 0,10836 0,07683 0,01229 0,08575 0,11458 0,12494 0,10117 0,04617

bio11 -0,12573 -0,18521 -0,28456 1 -0,27327 -0,15932 -0,3107 0,25887 0,05139 0,02628 0,05207 0,07965 -0,07471 0,00413 0,03994 0,08182 0,11195 0,13268

bio12 0,27509 0,5187 0,5137 -0,27327 1 0,4989 0,02525 -0,58152 -0,02662 0,02163 0,0195 0,00026 0,04862 0,07101 0,07166 0,01333 -0,05272 -0,11742

bio13 0,21548 0,3935 0,7464 -0,15932 0,4989 1 0,32583 -0,06837 0,07264 0,08799 0,10332 0,084 -0,04277 0,05217 0,10159 0,13492 0,15268 0,08959

bio18 -0,52203 0,20921 0,28992 -0,3107 0,02525 0,32583 1 0,01712 -0,13386 -0,12537 -0,1265 -0,13715 0,16381 -0,02132 -0,12555 -0,22221 -0,24326 -0,29008

climaticMoistureIndex0,04413 -0,74618 -0,08347 0,25887 -0,58152 -0,06837 0,01712 1 0,13842 0,09221 0,10886 0,13527 -0,12323 -0,00631 0,07067 0,18598 0,25595 0,26683

GloAspectCIE 0,24922 -0,14212 0,07276 0,05139 -0,02662 0,07264 -0,13386 0,13842 1 0,10962 0,07835 -0,14516 0,06594 0,24984 0,25825 0,287 0,25358 0,19824

GloAspectClN 0,27599 -0,10395 0,10528 0,02628 0,02163 0,08799 -0,12537 0,09221 0,10962 1 -0,13603 0,07282 0,11941 0,27186 0,26057 0,27452 0,22795 0,17217

GloAspectClS 0,27197 -0,11101 0,10836 0,05207 0,0195 0,10332 -0,1265 0,10886 0,07835 -0,13603 1 0,10104 0,10088 0,279 0,25993 0,26917 0,23263 0,18769

GloAspectClW 0,23959 -0,1231 0,07683 0,07965 0,00026 0,084 -0,13715 0,13527 -0,14516 0,07282 0,10104 1 0,0618 0,24793 0,25881 0,28485 0,24805 0,20626

GloSlopesCl3 -0,1788 0,1014 0,01229 -0,07471 0,04862 -0,04277 0,16381 -0,12323 0,06594 0,11941 0,10088 0,0618 1 0,17301 -0,21961 -0,37755 -0,36975 -0,31083

GloSlopesCl4 0,10003 -0,0281 0,08575 0,00413 0,07101 0,05217 -0,02132 -0,00631 0,24984 0,27186 0,279 0,24793 0,17301 1 0,48096 0,04195 -0,15118 -0,17283

GloSlopesCl5 0,23964 -0,09988 0,11458 0,03994 0,07166 0,10159 -0,12555 0,07067 0,25825 0,26057 0,25993 0,25881 -0,21961 0,48096 1 0,50807 0,04629 -0,08527

GloSlopesCl6 0,36917 -0,19343 0,12494 0,08182 0,01333 0,13492 -0,22221 0,18598 0,287 0,27452 0,26917 0,28485 -0,37755 0,04195 0,50807 1 0,49764 0,07158

GloSlopesCl7 0,41732 -0,20871 0,10117 0,11195 -0,05272 0,15268 -0,24326 0,25595 0,25358 0,22795 0,23263 0,24805 -0,36975 -0,15118 0,04629 0,49764 1 0,43244

GloSlopesCl8 0,46199 -0,22606 0,04617 0,13268 -0,11742 0,08959 -0,29008 0,26683 0,19824 0,17217 0,18769 0,20626 -0,31083 -0,17283 -0,08527 0,07158 0,43244 1
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Preparing and choosing predictor variables: Bioclimatic 

variables used in this study were obtained from the WorldClim 

website (Fick and Hijmans, 2017). The environmental 

variables, which we believed to be complementary of the 

Bioclimatic data, were created using temperature minimum, 

maximum and precipitation data again downloaded from 

WorldClim using Envirem R package (Title and Bemmels, 

2018). All variables downloaded, created, and edited for this 

study were in 30 arcsec resolution. 

Correlation analysis between variable pairs was performed 

with Spearman correlation analysis using ‘SDMTune’ R 

package on all 32 variables (R Core Team 2013, Vignali, 

Barras et al., 2020). Variable importance was revealed using 

four R packages which had features on variable selection 

steps in the modeling pre–processing stages. The libraries 

used in this stage were: ‘SDMTune’ (for variable selection 

via cross validated Maximum Entropy modeling (Vignali, 

Barras et al., 2020), ‘Embarcadero’ (for variable selection 

based on trees generated via BART algorithm), ‘Ecospat’ 

(for analyzing Variance Inflation Factor among variables) 

(Di Cola, Broennimann et al., 2017). Based on the predictions 

from the R libraries used and correlations (Pearson 

correlation) between variable pairs, we identified various 

number of variables that might be effective in the current 

distribution of each species. Then ‘Ellipsenm’ R package 

was used to evaluate and select the best model according to 

the criteria where the best model was the one statistically 

significant, with low omission rates, and low prevalence by 

calibrating candidate models. 

Modeling the species niches and future suitable distribution 

areas: Maximum Entrophy is the most prominent and widely 

used ENM technique in scientific research (Fitzpatrick, 

Gotelli et al. 2013). It can be implemented in a variety     

of packages in R including ‘dismo’ (Hijmans, Phillips et al, 

2017), ‘SDMtune’ (Vignali, Barras et al., 2020), and ‘enmSdm’. 

In the model processing stage, we used the SDMtune for 

ENMs of P. bactriana. The objective of this package is to put 

together all methodological diversity developed within the 

ecological niche modeling field and represent a new, unified 

and user–friendly framework for the still–growing field of 

ecological niche modeling. Moreover, these new packages 

offer lots of frameworks to build and systematically tune 

ENMs to be able to get models with more predictive power. 

In building ENMs of species we followed the tutorials 

supplied by developers of R library developers. 

When modeling this type, I cross–validated using 

SDMtune. Then I had four cross–validated niche models 

using SDMTune. In the end using ‘GridSearch’ function, 

model hyperparameters of cross–validated models were 

tuned (Vignali, Barras et al., 2020). 

Model evaluation and creating suitability maps: In model 

evaluation AUC and TSS in all ENMs and CCMs of the 

species were used. Thresholds for interpreting the metric 

values were defined as follows: Value≥0.9=best, 0.9>Value 

≥0.8=very good, 0.8>Value≥0.7=good, and Value<0.7=weak 

(Allouche et al. 2006; Leroy et al. 2018). Five threshold 

values used in creating niche maps of the species. 

Accordingly, ‘0–0.2’ denotes unsuitable areas, ‘0.21–0.4’ 

areas of low suitable, ‘0.41–0.6’ areas of moderate suitable, 

‘0.61–0.88’ high suitable areas and ‘0.81–1 very high 

suitable. Finally, suitable habitat maps for current and    

2050 (Representative Concentration Pathway RCP2.6 and 

Representative Concentration Pathway RCP8.5) were created. 

Suitability territory estimation (in km2): Suitability 

territory estimation was calculated for current and two 

scenarios of 2050 for 5 thresholds (unsuitable, low suitable, 

moderate suitable, high suitable and very high suitable) of 

suitability using ArcGIS v10.8. 

After calculating suitability for the whole territory, we 

estimated elevational suitability change. After determining 

annual temperature and precipitation are vital variables in 

distribution of P. bactriana, we retrieved data from NASA  

to see whether are there any change in the temperature   

and precipitation amount for 1980–2020 years. Then we 

visualized the data in R software using ggplot2 package. 

3. Results 

We retrieved all biovariables from WorldClim and found 

out correlation between them. After excluding variables  

that showed high correlation, we calculated permutation 

importance.  

According to results, Altitude, Aridity Index, Bio7, Bio11, 

Bio12, Bio13, Bio18, Climatic Moisture, GloAspectCIE, 

GloAspectCIN, GloAspectCIS, GloAspectCIW, GloAspectCI3, 

GloAspectCI4, GloAspectCI5, GloAspectCI6, GloAspectCI7, 

GloAspectCI8 were most important variables in the 

distribution of P. bactriana (Figure 2). 

According to the results of modeling of current 

distribution of P. bactriana Central Asia, Iran, Afghanistan 

and small part of Mongolia, Turkey, Russia, and China were 

determined as most suitable areas for this species (Figure 3). 

Mostly, mountainous areas were identified as suitable habitat 

for this species. 

The most surprising information was given by modeling 

suitable habitat for future (RCP2.6 2050 and RCP8.5 2050). 

According to the results predicted by these two scenarios the 

whole suitable territory will decrease sharply (Figure 4 and 5). 

Our calculations on the suitable territories in current 

period for this species it was shown as follows: low suitable 

for current period was 779,189 km2, for RCP2.6 (2050) was 

249,807 km2, RCP8.5 (2050) was 263,186 km2, moderate 

suitable for current period was 598,459 km2, for RCP2.6 

(2050) was 133,652 km2, for RCP8.5 (2050) was 160,473 

km2, high suitable for current period was 394,483 km2, for 

RCP2.6 (2050) was 78,983 km2, for RCP8.5 (2050) was 

126,594 km2, very high suitable for current period was 8,640 

km2, for RCP2.6 (2050) was 54,045 km2, for RCP8.5 (2050) 

was 65,870 km2 (Table 1). Surprisingly, all categories of 

suitability decreased hugely. 
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Figure 3.  Potential distribution of P. bactriana (current) 

 

Figure 4.  Potential distribution of Poa bactriana (RCP2.6 2050) 

 

Figure 5.  Potential distribution of Poa bactriana (RCP8.5 2050) 
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Table 1.  The potential areas of P. bactriana according to current and future climate change scenarios 

 

 

Figure 6.  The habitat suitability of elevation–based on elevation 

 

4. Discussions 

According to elevation based suitably analysis we found 

out that elevation range between 1500 and 4000 m were most 

suitable areas for this species indicating high mountainous 

areas are likely most suitable in the distribution of this 

species (Figure 6). The calculation of annual temperature 

change between 1980 and 2020 showed slightly increase   

of temperature in Altay, Hindu Kush, Pamir, Pamir–Alay, 

Tian Shan and Zagros (Figure 7). Subsequently, calculation 

of annual precipitation changed between 1980 and 2020. 

According to the results, precipitation amount in all mountains 

(except Pamir) changed moderately (Figure 8). 

Currently, species distribution modeling (SDM) continues 

to be one of the most appropriate ecological methods for 

comprehending and forecasting the connections between 

environmental factors and the present as well as future range 

of species (He, Burgess et al., 2019). Applicability of this 

method helps to determine suitable habitats, important 

biovariables and topographic variables as well. Thus, to 

determine a current and future response of distribution of the 

genus Poa to climate change we selected a cosmopolitan 

representative, P. bactriana, of the genus. The genus has 

been described as cosmopolitan because of the diversity in 

growth habit and geographic distribution among species 

(Anton and Connor, 1995). One of the representatives of this 

genus, P. bactriana, is a cosmopolitan annual plant species 

growing in the northern hemisphere of the earth. 

The genus Poa is sensitive to precipitation and annual 

temperature as most of its representatives are annual plants. 

Some ecological studies conducted on this genus indicate 

that Bio7 (Temperature annual range (Bio5–Bio6)), Bio12 

(Annual precipitation (mm)), Bio18 (Precipitation of warmest 

quarter (mm)) as main biovariables in the distribution of  
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this genus (Scrivanti and Anton, 2020). In the same line, our 

study also indicated that these biovariables are important in 

the distribution of P. bactriana. In addition, our study found 

that altitude (or elevation) is one of the best factors giving 

chance to continue life cycle for this species. 

Mountains provide refuge for numerous annual plants 

(Perrigo, Hoorn et al., 2020). In our case, P. bactriana can 

grow in lower altitudes. However, results suggested that 

lower altitude will be unsuitable for growth season of P. 

bactriana. And, we predict that higher altitudes, especially, 

Tian Shan, Pamir, Pamir–Alay mountain ranges located in 

Turkey, Azerbaijan and Armenia will be most suitable for 

this species making important refugees. 

5. Conclusions and Recommendations 

The current research offers valuable insights that can  

help pinpoint the specific areas where the species is most 

vulnerable to various factors, such as climate change. In 

detail, altitude, aridity index and topographic variables were 

found to be the most important predictors for the distribution 

of the species. Currently the species is considered cosmopolitan 

and the future distribution of P. bactriana under two climate 

change scenarios (RCP2.6 and RCP8.5) for 2050 showed   

a sharp decrease in the suitable area and habitat quality.  

This data challenges development of effective conservation 

measures of economically significant species. 

 

 

Figure 7.  The average annual temperature change between 1980 and 2020 

 

Figure 8.  Average annual precipitation change between 1980 and 2020 
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