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Since the start of Russia’s full-scale invasion, Ukraine has suffered extensive environmental damage,
with military activities affecting nearly one-third of its territory. Forest ecosystems have been severely
impacted by wildfires, soil disturbance, and pollution from military waste, making restoration efforts
difficult. Given their ecological adaptability, fast growth, and phytoremediation capacity, Populus
species show strong potential for rehabilitating degraded landscapes. This study uses GIS-based
analysis to evaluate the suitability of Populus species for post-war forest recovery in Ukraine,
considering their distribution, habitat preferences, and tolerance to soil and human impact conditions.
This study analyzed the distribution and ecological niches of Populus species in Ukraine using
occurrence data from GBIF, high-resolution land cover, and soil data, as well as Human Influence Index
(HII). Apart from, species potential for ecosystem restoration was assessed based on tolerance to
disturbed environments, using factors such as the Human Influence Index, soil pH, and soil carbon and
nitrogen content.The studied Populus species demonstrate broad ecological tolerance and adaptability
to varying soil conditions, nutrient levels, and human influence. Their distribution across both natural
and disturbed biotopes underscores their resilience, while P. nigra and P. X canescens particularly
associated with heavily impacted areas. These characteristics make Populus species promising
candidates for restoring ecosystems degraded by human activity or military actions.
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Introduction

Since the start of russia’s full-scale invasion of Ukraine, the country has experienced severe
environmental degradation, with military operations affecting nearly 17 million hectares
(approximately 28%) of its territory (Belis et al., 2025). Military actions, climate change, and
associated invasive species spreading, as well as disease outbreaks, have caused substantial forest
losses in Ukraine, with wildfires accounting for 45-65% of the annual reduction in forest cover
(Belis et al., 2025; Boychenko et al., 2025; European Forest Fire Information System, 2025).
Wildfires, disturbed or tilled soils, solid waste, and abandoned military equipment releasing heavy
metals, radionuclides, oil products, and other toxic substances pose serious risks to biodiversity
and human health, significantly complicating forest ecosystem restoration efforts.

Accordingly, the question arises of how to restore large areas of Ukrainian territory, which requires
plant species not only tolerant to significant anthropogenic disturbances and pollution, but also
adapted to grow in nutrient-poor soils. Due to high ecological plasticity, rapid growth, biomass
productivity, and capacity for phytoremediation, Salicaceae species, particularly Populus spp., are
highly effective pioneer species for restoring disturbed ecosystems, where they contribute to soil
stabilization, hydrological regulation, and the initiation of secondary succession even in
contaminated areas by different anthropogenic pollutants (Didukh et al., 2024; Shemet and Kozak,
2024; Tognetti et al., 2013).

This study aims to assess the potential of Populus species for post-war forest ecosystem recovery
in Ukraine through GIS-based analysis, focusing on the geographical distribution, biotope
preferences, and ecological niches of the studied species in relation to soil characteristics and the
Human Influence Index.

Methods

Data with the occurrence points of Populus species in Ukraine were downloaded from Global
Biodiversity Information Facility (GBIF, 2025). To ensure statistical significance in the assessment
of ecological niches, Populus species with fewer than 100 recorded occurrences were excluded
from further analysis. Therefore, four Populus species were used in this study: Populus alba (882
occurrence points), P. nigra (739), P. tremula (1706), and P. x canescens (253). Species
distribution across major biotopes was mapped using QGIS 3.34, based on species occurrence data
from GBIF and 10-meter resolution land cover data from ESA WorldCover (Zanaga D., 2022).

To assess the potential of Populus species for ecosystem restoration, the ability of the target species to
grow in disturbed environments was analyzed. Specifically, the ecological niches of the studied species
were evaluated concerning the following environmental factors: the Human Influence Index, soil pH,
total soil carbon content, and soil nitrogen content. The soil variables in GeoTIFF format were obtained
from SoilGrid (2025). The Human Influence Index (HII) was used as a measure of direct human impact
on terrestrial ecosystems, ranging from 0 to 64, where O indicates no detectable human influence, and
64 represents the highest level of human presence (Wildlife Conservation Society..., 2025).

Results

According to GBIF data, the following Populus species are observed in Ukraine: P. alba (987
occurrences), P. balsamifera (8), P. x berolinensis (1), P. canadensis (12), P. x canescens (255),
P. deltoides (27), P. nigra (804), P. simonii (10), P. suaveolens (2), P. tremula (1792). It is
important to note that species represented by single observations may have been misidentified.
Furthermore, to accurately assess the full range of environmental conditions and species
adaptability, species with low occurrences were excluded from this study.

Figure 1 illustrates the distribution and biotope preferences of the four most common Populus
species. The map (Figure 1) demonstrates almost uniform distribution of the studied Populus
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species across the territory of Ukraine, but with some particularities. Populus tremula is the most
frequently recorded species, predominating in the Forest zone of Ukraine, as well as in the
Carpathians and the Crimean Mountains.

It is less common in the Forest-Steppe zone of Ukraine and occurs only sporadically in the Steppe
region. P. tremula is found almost equally across forest ecosystems, urban areas, and agricultural
landscapes, where it likely plays a significant role in secondary succession. Populus alba mostly
occurs along the banks of water bodies and in wetlands, though it also be found in urban and
agricultural environments.

Populus nigra is most prevalent in urban ecosystems, where it is widely planted for ornamental and
protective purposes. The hybrid species Populus x canescens is more frequently observed in central
Ukraine, primarily on agricultural land, often abandoned, where natural forest regeneration may be
taking place. Overall, the broad geographic distribution and diverse biotope preferences of Populus
species suggest a wide ecological amplitude and significant potential for use in the ecosystem
restoration efforts.

Populus species
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Figure 1. The distribution map of the most common Populus species across various biotopes in
Ukraine using species occurrence data from GBIF and 10-meter resolution land cover data from ESA
WorldCover.

Analysis of Populus distribution in anthropogenically modified biotopes (Figure 2A) shows that these
species are commonly found in areas with a Human Influence Index (HII) ranging from 10 to 60.
Although all studied Populus species exhibit a similarly broad ecological amplitude based on the
Human Influence Index (HII), Populus alba and P. tremula are most frequently found in less
transformed ecosystems (HII 15-25). In contrast, P. nigra and P. X canescens occur across biotopes
with varying levels of anthropogenic disturbance.
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As for soil pH (Figure 1B), all studied Populus species are primarily found on neutral to slightly acidic
soils, within a pH range of 5.5 to 7. Notably, P. tremula also occurs on more acidic soils, with a broader
pH tolerance ranging from 5 to 7.

Most of the studied Populus species exhibit relatively wide ecological amplitudes concerning soil
nutrient content, particularly carbon and nitrogen (Figure 1C, D). However, P. alba is more commonly
found on soils with comparatively lower levels of both nitrogen and carbon.
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Figure 2. Violin plots showing the distribution patterns of the studied species along gradients of (A)
Human Influence Index, (B) soil pH, (C) soil organic carbon, and (D) nitrogen, based on data
extracted from high-resolution global raster layers.

Considering the wide ecological amplitude related to the Human Influence Index and main soil chemical
properties, the studied Populus species demonstrate considerable potential for use in the recovery of
ecosystems affected by varying degrees of anthropogenic disturbance, including those degraded by
armed conflict. Their broad ecological amplitude and adaptability to different environmental conditions
make them valuable candidates for ecosystem recovery and reforestation efforts in disturbed, including
war-affected landscapes.

Conclusions

The studied Populus species exhibit broad ecological amplitude and adaptability across diverse
environmental gradients, including soil pH, nutrient availability, and levels of human influence. Their
wide geographical distribution and presence in both natural and anthropogenically modified biotopes
highlight their resilience and ecological flexibility. Notably, P. tremula, P. x canescens, and P. nigra
exhibit distinct biotope preferences, while P. alba is more commonly associated with wetland
environments.

At the same time, P. nigra and P. X canescens are associated with bitopes with a higher level of
anthropogenic disturbance. These traits make Populus species strong candidates for ecological
restoration, particularly in landscapes degraded by human activity or armed conflict.
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