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Abstract
The present study aims to identify a potential shift in the distribution of Lasius platythorax Seifert, 
1991, in the context of future climate change using ecological and geographic modeling methods. 
Climate models from the WorldClim database were used for the years 1970–2000, 2061–2080, and 
2081–2100. Three out of four modeled scenarios predict a decrease in available L. platythorax habitat 
by 2100. One scenario predicts an increase in available habitat, where atmospheric temperature in-
creases by a maximum of 4.4 degrees Celsius by 2100. This result is thought to be due to a decrease in 
limiting factors associated with increased air temperature. During the study, an updated map of known 
L. platythorax distribution was also created.
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Introduction

Ecological and geographical modeling techniques allow us to determine the bio-
climatic characteristics of species, which are shaped by key climatic factors such 
as average annual temperature, precipitation levels, temperature conditions during 

Acta Biologica Sibirica 11: 1339–1363 (2025)

doi: 10.5281/zenodo.17907296

http://journal.asu.ru

Copyright Larisa S. Levchenko et al. This is an open access article distributed under the terms of the Creative Commons Attribution License 
(CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original author and source are 
credited.

RESEARCH ARTICLE

mailto:xoxoxanas123%40gmail.com?subject=
http://zoobank.org/5A3F434D-B6F2-4DA8-87AD-F2658A676273
https://doi.org/10.5281/zenodo.17907296
https://doi.org/10.5281/zenodo.17907296
https://doi.org/10.5281/zenodo.17907296
http://journal.asu.ru/biol
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


1340     Larisa S. Levchenko et al.  /  Acta Biologica Sibirica 11: 1339–1363 (2025)

warm and dry periods, and more. These methods help identify suitable areas where 
the studied species can thrive (Afonin and Sokolova 2018).

Statistical analysis-based bioclimatic models, also known as ecological niche 
models, are widely used for predicting changes in species distribution (Chiou et al. 
2015; Feoktistov and Baiakhmetov 2020). While proponents highlight their predic-
tive power, critics point out some unwarranted assumptions (Chiou et al. 2015). 
Nevertheless, bioclimatic models often exhibit a high level of correspondence with 
contemporary species distributions (Jeschke and Strayer 2008).

It should be noted that interpreting the results of ecological and geographical 
modeling as an indication of the likelihood of a species' presence in a specific area is 
not a correct approach. Such models are typically based solely on the spatial distri-
bution of abiotic environmental factors (Lisovsky et al. 2020). However, they do not 
consider either the interactions between living organisms or the dynamics of popu-
lation numbers over time. Therefore, ecological and geographical models provide 
only a partial understanding of the distribution of species, disregarding important 
biological and temporal factors that significantly influence their survival and adap-
tation to their environment.

Lasius platythorax, described by Seifert in 1991 (Seifert 1991), has many simi-
larities to Lasius niger, which was described by Linnaeus in 1758. Therefore, L. platy- 
thorax was not considered a separate species until 1991. This species is found from 
Europe up to Eastern Siberia, and it has a distinctive ecological feature compared to 
L. niger: it prefers moist soils (Seifert 1991). Despite its wide distribution in Eurasia, 
L. platythorax remains poorly studied, especially in Asia.

In the Tomsk region of Russia, L. platythorax has been observed in floodplain 
ecosystems. Ants of this species colonize floodplains that have been left fallow due 
to changes in land use in Russia (Ivanov et al. 2022). At the same time, insects are 
able to adapt to changing climate and move their habitats to the north, as shown by 
studies by Callaghan et al. (2021) and Kirpotin et al. (2021).

For example, in one of the previously studied areas (56°31.07'N, 84°52.06'E), 
with an area of 21.82 ha, 10.228 L. platythorax anthills were found (Fig. 1). There-
fore, there are an average of 469 anthills per 1 ha of land. A characteristic feature of 
L. platythorax in these areas is aggressive colonization of the entire accessible terri-
tory (Fig. 2). We also found similar colonies on the territory of the Tomsk carbon 
polygon (Kaibasovo research station), which is located in the floodplain of the mid-
dle course of the Ob River (57°14.27'N, 84°12.88'E).

Due to the large-scale colonization of floodplain lands, it has been decided to 
conduct ecological and geographical modeling of L. platythorax to assess the impact 
of future climate change on the distribution of this species in the Asian part of Rus-
sia.

The goals of the study are to compile an updated digital map of the species' cur-
rent locations and identify the climatic niche of L. platythorax. Based on this data, a 
model of a potentially suitable habitat for the species will be created.
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Although the concepts of climatic and ecological niches are theoretical, the 
habitat of a species provides their practical application. The distribution of a species 
within a certain area is closely linked to its ecological needs, allowing us to predict 
its range based on its known requirements.

Figure 1. Counted anthills on a site in the floodplain of the Kislovka River (lower channel 
of the Chipmunk).

It is important to note that information on the distribution of species may be 
incomplete due to the lack of sufficient study of certain territories. This is particu-
larly true in Siberia, where vast and difficult-to-access areas make it challenging to 
explore, due to difficult terrain, a small population, and a weak transport network.

This study is based on the concept of niche conservatism, which was developed 
by Severtsov (1990, 2008) and Peterson et al. (2013).
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Materials and methods

Materials

Since ecological and geographical modeling uses information about the distribu-
tion of the species and environmental data (bioclimatic variables), in order to es-
tablish the known locations of L. platythorax, an analysis of scientific publications, 
materials and conference abstracts was carried out. In addition, the GBIF (Global 
Biodiversity Information Facility) database was used to expand the data sample and 
improve the accuracy of determining the detection locations of the species.

It occurs in L. platythorax and is widespread in Central and Eastern Europe, 
covering such countries as Poland (Radchenko et al. 1999; Seifert 2019), Germany 
(Dolle et al. 2011; Seifert 2019; Feldmeyer 2024), Slovakia (Dekoninck et al. 2004), 
Hungary (Szinetár et al. 2015), Luxembourg (Wegnez et al. 2021), Spain (Espadal-
er and Prince 2001), Austria (Glaser and Kopf 2018; Tista 2019), Bulgaria (Seifert 
2019), the Netherlands (Dekoninck et al. 2004), Switzerland (Schläppi et al. 2020), 
Romania (Tăușan et al. 2017; Seifert 2019), Ukraine (Stukalyuk 2015; Stukalyuk 
2017a; Stukalyuk 2017b) and Belarus (Ostrovsky 2023; Sinchuk et al. 2024). L. plat-
ythorax is less frequently observed on the territory of the Balkan Peninsula, but its 
presence has been confirmed in Croatia (Seifert 2019). The western distribution 
boundary passes through Great Britain, Ireland, France (Seifert 2019) and Belgium 
(Dekoninck et al. 2004), while the northern reaches the southern part of the Scan-
dinavian Peninsula, where this species is found in Sweden (Rudolphi, 2007; Seifert 

Figure 2. Numerous anthills in the floodplain of the Kislovka River (lower channel of the 
Chipmunk).
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2019). The southern border is represented by countries such as Italy, Greece (Seifert 
2019) and the Republic of South Ossetia (Yusupov and Komarov 2017). 

L. platythorax can also be found in Russia, mainly in the European part, as well 
as in some areas of Western Siberia. Thus, L. platythorax was found in 27 regions 
of Russia, mainly in the European part of the country: Nizhny Novgorod Region 
(Zryanin and Zryanina 2007; Zryanina, 2009; Lisitsyn P. 2020), Mordovia Republic 
(Ruchin 2015; Popkova et al. 2021), Mari El Republic (Zryanin and Zryanina 2007) 
and others (Prisny 2003; Sarapiy 2008; Adakhovsky 2009; Larionov and Larionov 
2009; Putyatina 2009; Ryabinin and Novgorodova, 2013a, 2013b; Novgorodova 
and Ryabinin, 2015; Krasilnikov 2017; Tselishcheva 2018; Seifert 2020; Yusupov 
and Volodchenko 2021; Krasilnikov 2022). In Southwestern Russia, this ant spe-
cies is found in the Kabardino-Balkarian Republic (Yusupov 2015). In Western Si-
beria, this ant species was previously found in the Kemerovo Region (Yeremeeva 
2004; Blinova 2009a, 2009b, 2012; Blinova and Kauchakova 2022), Novosibirsk 
Region (Novgorodova and Biryukova 2011; Ryabinin et al. 2017), Tyumen Region 
(Novgorodova and Ryabinin 2015), Altai Krai (Krugova 2009, 2017; Krugova and 
Chesnokova 2012) and Altai Republic (Novgorodova and Biryukova 2011; Ches-
nokova and Omelchenko 2011). In Eastern Siberia, L. platythorax was found in 2 
regions: the Irkutsk Region (Antonov 2012, 2013a, 2013b, 2014) and the Buryatia 
Republic (Antonov 2013a, 2014).

Based on the data collected, a database has been created that includes all avail-
able records of L. platythorax. This database has been mapped onto a digital world 
map, and it also includes habitats that were discovered by our researchers and previ-
ously described (Mikhaleiko et al. 2023).

The distribution map of L. platythorax, based on information from 4,044 re-
corded locations (Fig. 3), shows the fragmentation of its range. This fragmentation 
can be attributed to both natural factors such as mountain systems and water barri-
ers, as well as human activities such as landscape changes and environmental pollu-
tion. It is possible that isolated populations of L. platythorax exist outside the main 
distribution area, indicating the species' ability to adapt to different environmental 
conditions.

Due to the fragmentation of the habitat and the focus of this study, we decided 
to concentrate on the points found between the Ural Mountains and Lake Baikal in 
Asian Russia (Fig. 4).

As previously mentioned, climate parameters important for modeling are need-
ed, such as the average monthly precipitation and temperature extremes (Table 1). 
From 1970 to 2000, these variables were downloaded in GeoTIFF format from the 
WorldClim database (Fick and Hijmans 2017), with a resolution of 2.5 arc minutes 
(approximately 5 km).
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Table 1. WorldClim variables

Bioclimatic Variables: Monthly Averages
bio1
Average annual 
temperature (°C)

tmax1
Average monthly 
maximum temperature 
in January , °C*10

tmin1 
Average monthly minimum 
temperature in January, 
°C*10

prec1
Average monthly 
precipitation in 
January, mm

bio2 
Temperature range per 
day (°C)

tmax2
Average monthly 
maximum temperature 
in February , °C*10

tmin2
Average monthly minimum 
temperature in February, 
°C*10

prec2
Average monthly 
precipitation in 
February, mm

Figure 3. Updated distribution map of L. platythorax: black dots indicate known locations 
(4044).

Figure 4. Distribution of L. platythorax: black dots represent known locations in Asian 
Russia (154 sites).
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Bioclimatic Variables: Monthly Averages

bio3 
Isothermicity

tmax3
Average monthly 
maximum temperature 
in March , °C*10

tmin3
Average monthly minimum 
temperature in March , 
°C*10

prec3
Average monthly 
precipitation in 
March, mm

bio4 
Temperature 
seasonality, standard 
deviation

tmax4
Average monthly 
maximum temperature 
in April , °C*10

tmin4
Average monthly minimum 
temperature in April , 
°C*10

prec4
Average monthly 
precipitation in 
April , mm

bio5 
Maximum temperature 
of the warmest month 
(°C)

tmax5
Average monthly 
maximum temperature 
in May, °C*10

tmin5
Average monthly minimum 
temperature in May , °C*10

prec5
Average monthly 
precipitation in 
May, mm

bio6 
Minimum temperature 
of the coldest month 
(°C)

tmax6
Average monthly 
maximum temperature 
in June, °C*10

tmin6
Average monthly minimum 
temperature in June, °C*10

prec6
Average monthly 
precipitation in 
June, mm

bio7 
Temperature range per 
year (°C)

tmax7
Average monthly 
maximum temperature 
in July, °C*10

tmin7
Average monthly minimum 
temperature in July,  °C*10

prec7
Average monthly 
precipitation in 
July,, mm

bio8 
Average temperature 
of the wettest quarter 
(°C)

tmax8
Average monthly 
maximum temperature 
in August, °C*10

tmin8
Average monthly minimum 
temperature in August, 
°C*10

prec8
Average monthly 
precipitation in 
August, mm

bio9 
Average temperature 
of the driest quarter 
(°C)

tmax9
Average monthly 
maximum temperature 
in September, °C*10

tmin9
Average monthly minimum 
temperature in September, 
°C*10

prec9
Average monthly 
precipitation in 
September , mm

bio10 
Average temperature 
of the warmest quarter 
(°C)

tmax10
Average monthly 
maximum temperature 
in October , °C*10

tmin10
Average monthly minimum 
temperature in October, 
°C*10

prec10
Average monthly 
precipitation in 
October, mm

bio11 
Average temperature 
of the coldest quarter 
(°C)

tmax11
Average monthly 
maximum temperature 
in November, °C*10

tmin11
Average monthly minimum 
temperature in November, 
°C*10

prec11
Average monthly 
precipitation in 
November, mm

bio12 
Annual precipitation 
(mm/year)

tmax12
Average monthly 
maximum temperature 
in December , °C*10

tmin12
Average monthly minimum 
temperature in December, 
°C*10

prec12
Average monthly 
precipitation in 
December, mm

bio13 
Precipitation in the 
rainiest month (mm/
month)

– – –

bio14 
Precipitation in the 
driest month (mm/
month)

– – –
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To predict the potential habitats of L. platythorax in the future, we used the 
MIROC 6 model (Tatebe et al. 2019), which was based on the WorldClim data. This 
model includes various Shared Socio-Economic Pathways (SSPs) that take into ac-
count different levels of carbon dioxide emissions. The scenarios were developed 
by international experts and are presented in the IPCC's 6th assessment report. All 
scenarios predict an increase in temperature over the period 2081–2100 (Pörtner et 
al. 2022). The range of projected increases in temperature is from 1.8°C (SSP1-2.6) 
to 4.4°C (SSP5-8.5), depending on the level of emissions (Table 2).

Bioclimatic Variables: Monthly Averages

bio15 
Seasonality of 
precipitation 
(coefficient of 
variation)

– – –

bio16 
Precipitation in the 
wettest quarter (mm/
quarter)

– – –

bio17 
Precipitation in the 
driest quarter (mm/
quarter)

– – –

bio18 
Precipitation in the 
warmest quarter (mm/
quarter)

– – –

bio19 
Precipitation in the 
coldest quarter (mm/
quarter)

– – –

Table 2. Common socio-economic pathways published in the Sixth Assessment Report of 
the Intergovernmental Panel on Climate Change

Shared Socio-
Economic Pathways

Brief description of the scenario Estimated 
warming 
(2081–2100)

SSP1-2.6 CO2 emissions will decrease to net zero around 2075 1.8°C
SSP2-4.5 CO2 levels will be around current levels until 2050, 

then start to decline, but will not reach net zero by 
2100

2.7°C

SSP3-7.0 By 2100 CO2 emissions will have doubled 3.6°C
SSP5-8.5 By 2075 they will have tripled 4.4°C
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Methods

The paper compared models of potential L. platythorax habitats, based on all the 
SSP scenarios presented for 2061–2080 and 2081–2100, but it should be noted that 
these scenarios do not account for rising sea levels or changes in the cryosphere.

To prepare the data for modeling, we used the ArcGIS Pro (ESRI) software (ver-
sion 3.0.1). The Analyst Tools integrated into ArcGIS allowed us to convert Geo-
TIFF raster layers into ASCII and GRID formats, making them more suitable for 
analysis. Additionally, we converted tabular data in Excel format into vector layers, 
simplifying their use in further analysis.

To randomize and remove duplicate L. platytorax points, as well as points that 
are within 30 kilometers of each other, the SDMtoolbox PRO application (version 
0.9.1), operating in the ArcGIS Pro environment was used (Brown 2014). This 
process was necessary to optimize the data and reduce correlation during model 
construction. Therefore, the identification of a climatic niche and the creation of a 
model was based on 54 presence points out of the 154 initially identified (Fig. 5).

Figure 5. Distribution of L. platythorax: the red dots represent 100 points that were exclud-
ed from the analysis after thinning to obtain a more accurate assessment of the ecological 
niche. The black dots represent the 54 points that were included in the analysis.

The BIOCLIM algorithm, which was developed by Hijmans et al. (2005), was 
used to determine the climatic requirements of the species, taking into account its 
adaptation to specific climatic conditions. This method allows us to visualize the 
climate niche of the species using 19 histograms and climate envelopes (Nix 1986).

As part of the preliminary data preparation for modeling in the R statistical 
environment (version 4.4.0), out of 55 variables (Table 1), the Pearson correlation 
analysis (Nettleton 2014) method was used to exclude strongly correlated climatic 
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factors (> 0.8). This process allows us to create a more accurate model of the terri-
tory and correctly assess the contribution of each variable to the model.

After excluding variables with a correlation coefficient greater than 0.8, the 
analysis included the following: bio2 (average daily temperature range, °C), bio7 
(average annual temperature range, °C), bio14 (average precipitation in the driest 
month, mm/month), bio15 (coefficient of variation for precipitation seasonality), 
bio18 (average precipitation in the warmest quarter, mm/quarter), bio19 (average 
precipitation in the coldest quarter, mm/quarter), prec1 (monthly average precipita-
tion in January, mm), and prec8 (monthly average precipitation in August), as well 
as tmax1 (monthly maximum temperature average in January) and tmin8 (monthly 
minimum temperature average in August).

The maximum entropy method, or MaxEnt (Phillips et al. 2004), was used to 
create models of suitable territories for the L. platythorax habitat. This algorithm 
is based on training a sample using one part of the data (75%), and then testing 
the results using the other part (25%). A threshold of 10 percentiles was also set, 
indicating that 10% of edge points were excluded from the analysis and considered 
random. As a result, values that exceeded the threshold value in their climatic pa-
rameters were considered atypical and displayed on the model as unsuitable territo-
ries for this species habitat.

The predictive ability of the model is assessed using the AUC (Area Under the 
Curve): the area under the Receiver Operating Characteristic (ROC) curve. This 
curve is used to evaluate the quality of binary classification models. AUC measures 
the ability of the model to distinguish between cells with and without a view. AUC 
ranges from 1 to 0, with higher values indicating better performance. Values be-
tween 1 and 0.9 are considered excellent, 0.9–0.8 are good, 0.8–0.7 are acceptable, 
0.5–0.7 is bad, and 0–0.5 is unacceptable, indicating that the model performs worse 
than a random predictor (Araujo et al. 2005).

At the same time, MaxEnt allows us to estimate the contribution of variables in 
model construction using three independent methods: the percentage contribution, 
the permutation method (Scheldeman and van Zonneveld 2010), and the Jackknife 
(Fard et al. 2013). However, according to the developers (Phillips et al. 2006), the 
use of the first method is not recommended, as the percentage contribution can 
vary depending on the "path taken" by the algorithm and the degree of correlation 
between variables.

Unfortunately, MaxEnt does not provide other statistical criteria for assessing 
the accuracy of obtained models, which can be seen as a limitation (Lobo et al. 2008; 
Jiménez-Valverde 2012).
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Results and discussion

Identification of the Climatic Niche of L. platythorax

Using the BIOCLIM algorithm, we obtained histograms reflecting the frequencies 
of various values of climatic characteristics, bio1-19 (only 19 out of 55 variables 
were used due to limitations of the method), observed in the species. The limits of 
variability for each factor and optimal values for L. platythorax were obtained (Fig. 
6). Arrows show maximum and minimum values. For example, for bio1, the range 
of values is -4.8 to 2.6, with optimal values between 1.1 and 2.6. 

An analysis of the histograms of climatic variables for L. platythorax showed 
that the frequency of bio9, which represents the average temperature of the driest 
quarter, was closest to a normal distribution. Graphs bio17 and bio19, which repre-
sent the precipitation for the driest and coldest quarters, were found to be sharply 
asymmetrical and similar in configuration, indicating that the species distribution 
may be limited by climatic factors.

On the other hand, graphs bio8, bio10, bio16, and bio18, which represent aver-
age temperatures and precipitation amounts for wettest and warmest quarters, as 
well as driest month, were all found to be similar in both configuration and limit-
ing and optimal values, indicating a strong correlation between these variables. The 
similarity between graphs bio14 and 19, representing precipitation amounts in the 
driest month and coldest quarter, can be attributed to the high correlation between 
season and precipitation.

Two-vertex graphs (bio2, bio3, bio5, bio8, bio10) suggest that the species may 
be sensitive to seasonal temperature variations, as its range covers areas with dif-
ferent temperature ranges. This may also indicate ecological heterogeneity within  
L. platythorax and divergence in ecological and climatic niches.

The bioclimatic variable graph shows that the average annual temperature suit-
able for L. platythorax habitat is 1.1–2.6°C. The average daily temperature varies 
10.4–11.4°C, and the precipitation in the warmest quarter varies 170–210.6 mm per 
quarter. The indicators for precipitation levels for L. platythorax include: 10.2–15.4 
mm in the driest month, and 56–72.4 mm during the precipitation season.

The two-dimensional climate envelope for L. platythorax (Fig. 7) is plotted in 
the coordinates of average annual temperature (Bio1) and average annual precipita-
tion (Bio12). The graph shows the distribution of values and the number of indi-
viduals that fall outside the 5–95 percentile range for their climatic parameters.

The upper left corner of the graph, which represents cold and humid habitats, is 
almost empty when considering average annual temperature and precipitation. In 
contrast, there is a noticeable presence in the lower right corner, which corresponds 
to the warmest and least humid habitats.

The red dots extending beyond the climatic envelope indicate the number and 
location of individuals in atypical habitats. The graph showing the spread of 54 ob-
jects with respect to bio1 and bio12 revealed that 34 points of presence were outside 
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the 5–95 percentile range. As mentioned previously, this finding can be explained by 
special environmental conditions, such as micro-relief and microclimate (Schelde-
man and van Zonneveld 2010).

Figure 6. Frequency graphs of climatic parameters for L. platythorax.

Modeling favorable habitats for L. platythorax in 1970–2000

The model of territories suitable for the habitat of L. platythorax based on climat-
ic parameters was constructed using 10 independent variables (bio2, bio7, bio14, 
bio15, bio18, bio19, prec1, prec8, tmax1, and tmin8) and taking into account 75% 
of the training sample (Fig. 5).
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Based on the results of predicting suitable habitats for L. platythorax between 
1970 and 2000, and using a logistic threshold of 0.390 (Table 3), the model of suit-
able territories is classified as: areas with average suitability (0.4–0.8) and areas with 
high suitability (0.8–1) (Fig. 8). The locations used to build the model are indicated 
by dots on the diagram.

Figure 7. Graphs of the distribution of L. platythorax depending on the average annual 
temperature and average annual precipitation.

Figure 8. Model of Suitable Habitats for L. platythorax in Modern Climatic Conditions 
(1970–2000): 0.4–0.8, 0.81–1 – territories that are suitable for the species by 40–80% and 
81–100%, respectively.
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However, some locations are in areas with unsuitable habitat conditions. This 
indicates that they are located in atypical climates for the species, as confirmed by 
the graph of the climate envelope.

The model for L. platythorax habitats in the modern climate has a high degree 
of predictive reliability. The main factors contributing to its construction, accord-
ing to a permutation test, are: tmax1 (average monthly maximum temperature in 
January), bio14 (precipitation in the driest month), and prec1 (average monthly 
precipitation in January) (Table 3).

The jackknife analysis (Fig. 9) confirmed the statistical estimates of the con-
tributions of tmax1 (the average monthly maximum temperature in January) and 
bio7 (the temperature range for the year) to the model. The tmin8 factor (the aver-
age monthly minimum temperature in August) came in third, pushing bio14 (the 
amount of precipitation in the driest month) down to fourth. The graph also showed 
that tmax1, bio14, bio18, and prec1 carry the largest shares of unique information 
(see Table 3).

Table 3. The main characteristics of the distribution model of L. platythorax, constructed 
by Seifert in 1991 using the MaxEnt algorithm

L. platythorax n = 54
n tr/n test 41 / 13
AUCtr/AUCtest 0.983/ 0.974
Standard 
deviation

0.009

Logistical 
threshold

0.390

Evaluation Percentage 
contribution, %

Permutation, % Jackknife
Rating of the 
contribution of 
variables

Rating of 
variables with 
unique properties

tmax1 = 50.9 tmax1 = 48.3 1 – tmax1 1 – tmax1
bio14 = 18.6 bio14 = 17.2 2 – bio7 2 – bio14
bio18 = 9.4 prec1 = 13.2 3 – tmin8 3 – bio18
prec1 = 6.5 bio18 = 9.3 4 – bio14 4 – prec1
bio15 = 6.2 prec8 = 6.8 – –
prec8 = 3.6 bio15 = 2 – –
bio2 = 1.8 bio7 = 1.3 – –
tmin8 = 1.7 tmin8 = 1.1 – –
bio7 = 1.3 bio2 = 0.8 – –
bio19 = 0 bio19 = 0 – –

Note: n tr – the size of the training sample, n test – the size of the testing sample, AUCtr is the AUC of 
the training sample, and AUCtest is the AUC of the testing sample.
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According to the permutation and Jackknife tests, the average monthly maxi-
mum temperature in January and the amount of precipitation in the driest month 
are the most significant factors for the distribution of L. platythorax.

Modeling favorable habitats for L. platythorax under scenarios of predicted cli-
mate change

To create models of favorable habitats under scenarios of future climate change, we 
used the same 10 bioclimatic variables as for the current period (bio2, bio7, bio14, 
bio15, bio18, bio19, precip1, precip8, tmax1, and tmin8). Based on the relationship 
between ecological niche and geographical range, as well as the concept of niche 
conservatism, we assumed that sites identified as suitable for L. platythorax now will 
likely remain suitable in the future (Table 4).

To identify possible changes in the distribution of L. platythorax, we correlated 
the ecological needs of this species with projected climate changes in 2061–2080 
and 2081–2100. According to the future climate scenario SSP1-2.6 (Fig. 10A–C), 
which assumes a 1.8°C increase in the Earth's total temperature by 2100, we con-
structed models of territories suitable for L. platythorax in new conditions. Based on 
these models, the most suitable territories (range 0.8–1) are expected to decrease by 
62.5% by 2100 under this scenario.

Under the SSP2-4.5 scenario, which predicts a 2.7°C increase in global tem-
perature by 2100, simulation results (Fig. 10D–F) show that the optimal range for 
L. platythorax will decrease by 91.06% under this scenario compared to the present.

For the SSP3-7.0 scenario, which envisions an increase in average global tem-
perature by 3.6°C by the year 2100, the models (Fig. 10G–I) suggest that the most 
suitable territories for L. platythorax currently will also experience a 98.2% decrease 
by the end of the century, similar to the SSP1-2.6 and SSP2-4.5 scenarios.

Figure 9. Jackknife test results.
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According to the future climate scenario SSP5-8.5, which forecasts an increase 
in global temperature of 4.4°C by 2100, models have been developed to assess ter-
ritories suitable for this species to thrive in new conditions (Fig. 10J–L). Based on 
these models, the territories currently most suitable for L. platythorax are projected 
to decrease by 52.89% by 2080, similar to what was observed with SSP1-2.6 and 
SSP2-4.5.

Nevertheless, by the year 2100 there was an expansion of a zone by 35.99% 
(compared to the range during the period 1970–2000) that is most favorable for L. 
platythorax existence within the Asian region of Russia.

The result may be linked to the fact that by 2080, one or more of the factors 
considered (for example, precipitation) may fall within a range that is unsuitable for 
L. platythorax. In contrast, by 2100 suitable habitats are increasing, which could be 
due to the largest increase in temperature compared to previous scenarios. It is as-
sumed that the increase in temperature will counteract the limiting effect of chang-
ing environmental factors in 2100, leading to an expansion of L. platythorax habitat.

It should be noted, however, that in addition to climate factors, the specific dis-
tribution of L. platythorax in Asia is also determined by other environmental factors 
such as microtopography, soil properties, and the position of the species within an 
ecosystem. Therefore, to obtain a more accurate prediction for a given area, it will be 
necessary to identify additional locations of the species and consider these factors in 
more detail. This includes not only climate variables but also features such as relief, 
soil composition, vegetation cover, and position within communities.

An important environmental factor in the region under consideration is the 
change in land use patterns. Numerous agricultural lands are being abandoned and 
converted to fallow land. Fallow land is a favorable habitat for ants, but this issue 
was not taken into account in the study. The possible transformation of former ag-

Table 4. Changes in habitat area under different scenarios

Scenario/period
Area, ha Area, % Area change, %

0.4–0.8 0.8–1 Sum 0.4–0.8 0.8–1 0.4–0.8 0.8–1
1970–2000 179889063 11788960 191678023 100.0 100.0 0.00 0.00
SSP1-2.6 2060–2080 172623120 8578725 181201845 95.96 72.77 -4.04 -27.23
SSP1-2.6 2080–2100 167248065 4421314 171669379 92.97 37.50 -7.03 -62.50
SSP.2-4.52060–2080 166271701 1173002 167444703 92.43 9.95 -7.57 -90.05
SSP.2-45 2080–2100 183371249 1053686 184424935 101.94 8.94 1.94 -91.06
SSP.3-70 2060–2080 180490976 3084579 183575555 100.33 26.16 0.33 -73.84
SSP.3-70 2080–2100 164528043 211697 164739740 91.46 1.80 -8.54 -98.20
SSP.5-85 2060–2080 205878445 5553322 211431767 114.45 47.11 14.45 -52.89
SSP.5-85 2080–2100 187664612 16031424 203696036 104.32 135.99 4.32 35.99

Note: 0.4–0.8, 0.81–1 territories that are suitable for the species by 40–80% and 81–100%, respectively.
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ricultural land by biological factors in the region is poorly understood due to the 
recent large-scale changes in land use in the Asian part of Russia, highlighting the 
need for further research.

Figure 10. Probable dynamics of territories suitable for L. platythorax due to projected 
climate change from 1970 to 2100 according to scenarios SSP1-2, SSP2-4.5, and SSP3-7.0: 
0.4–0.8, 0.81–1 – territories that are suitable for the species by 40–80% and 81–100%, re-
spectively.
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Conclusions

According to the study, the scenarios SSP5-2.6, SSP2-4.5, and SSP3-70, which all 
predict an increase in global temperature of 1.8°C, 2.7°C, and 3.6°C, respectively, 
will result in a decrease of 62.5%, 91.06%, and 98.2%, respectively, in the most fa-
vorable areas for the habitat of the L. platythorax by 2100.

The most positive scenario for the future expansion of the L. platythorax habitat 
is the SSP5–8.5 scenario, which predicts a 4.4°C increase in global temperature by 
2100 and a 35.99% increase in habitat. It is likely that this increase in temperature 
will offset the negative effects of changing environmental factors, leading to an ex-
pansion of L. platythorax habitat. In other words, warming may neutralize the nega-
tive impacts of other environmental changes and contribute to the spread of this 
species.

It is important to note that the distribution of L. platythorax in the Asian part of 
Russia is influenced not only by climate, but also by specific environmental factors, 
such as microforms of relief, soil properties, and the role of the species in the ecosys-
tem. A more accurate prediction of its distribution in the region would require the 
discovery of new habitats and a thorough analysis of a wider range of environmental 
factors, including climatic parameters as well as characteristics of the terrain, soil, 
vegetation, and position of the species within communities.

During the course of our work, we have created an updated map of known habi-
tats for L. platythorax. This map shows that there is a low level of research on this 
species in Asian Russia, compared to the European part of the continent. This em-
phasizes the importance of studying ants in this region.

Considering the potential for further expansion of L. platythorax and its ability 
to colonize new territories, additional research is necessary. This research should 
include studies on the environment-forming role of ants, as well as other aspects of 
their biology and ecology.
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