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Phytoindication-based analysis of the ecological niche of Lasius fuliginosus (Hymenop-
tera, Formicidae) in riparian and mesophilous forests. Stukalyuk, S., Goncharenko, I. & 
Kozyr, M. — The aim of this study was to characterise the ecological niche of Lasius fuligino-
sus (Hymenoptera: Formicidae) along phytoindication gradients, and to determine the rela-
tionship between its foraging activity and the structure of the vegetation in riparian and me-
sophilous forests in Kyiv region. Fieldwork was conducted from July to August 2025 across 
36 L. fuliginosus colonies (20 in the Holosiivskyi National Nature Park and 16 on Zhukiv Is-
land). Standard 20 × 20 m plots were used for simultaneous geobotanical surveys and quanti-
tative assessments of foraging intensity (number of workers passing per minute on trails and 
tree trunks). Environmental conditions were evaluated using eight standardised Didukh phy-
toindication scales. Statistical analyses included Generalized Additive Models (GAMs), Gen-
eralized Linear Models (GLMs), Principal Component Analysis (PCA) and Permutational 
Multivariate Analysis of Variance (PERMANOVA). The multivariate ecological niche of L. fulig-
inosus exhibited a pronounced microclimatic specialization, with temperature and moisture 
acting as the primary narrow limiting factors. The narrowest ranges were observed for tem-
perature (Tm: 56–64 points, median: 60.5) and soil moisture (Hd: 43–54 points, median: 48), 
indicating strict avoidance of extreme xerophytic and waterlogged conditions. The number 
of forage trees per plot (1–6) had no significant impact on ant abundance (p = 1.0), whereas 
plant species richness exhibited a distinct nonlinear threshold pattern modelled using GAM. 
A significant increase in foraging activity was observed exclusively when moving from low (7– 
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13 species) to moderately low (13–16 species) richness (p < 0.05). PCA and PERMANOVA re-
vealed a highly significant and distinct environmental segregation between the niche configu-
rations of riparian willow-poplar forests and mesophilous oak-hornbeam forests (F₁,₃₄ = 18.86, 
R² = 0.36, p = 0.001). However, due to high ecological plasticity, the actual intensity of foraging 
did not differ significantly between the two forest types (W = 171, p = 0.1526), despite a higher 
median abundance in riparian zones (445.5 workers per minute) than in mesophilous stands 
(279.5 workers per minute). L. fuliginosus is tightly associated with stable, moderately warm and 
humid forest microhabitats, serving as an effective bioindicator for monitoring ecosystems under 
anthropogenic pressure.
Ke y  words :  Lasius fuliginosus, ecological niche, phytoindication, Didukh scales, foraging activ-
ity, riparian forests, mesophilous forests, Kyiv Region.

Introduction
Ants (Hymenoptera, Formicidae) are a vital part of forest ecosystems. They act as 
bioindicators of environmental health, ecosystem engineers and important links in 
food webs. Their high abundance, diverse life strategies and ability to alter soil and 
vegetation structure mean that ants significantly influence nutrient cycling, soil 
composition, seed dispersal and the regulation of other invertebrate populations 
(Folgarait, 1998; Sanders & van Veen, 2011; Rocha et al., 2024). As ecosystem engi-
neers, ants create and maintain microhabitats, thereby enhancing local biodiversity 
and promoting the resilience of forest communities to human impacts (De Almeida 
et al., 2020; Rocha et al., 2024). Vegetation structure and climate gradients also play 
an important role in shaping ant communities (Uhey et al., 2020). In forest ecosys-
tems, ants respond to changes in temperature, humidity, light and vegetation struc-
ture, making them effective indicators of forest degradation, climate shifts and dis-
ruptions in trophic interactions (Andersen, 1997; Lawes et al., 2017; Uno et al., 2010; 
Subedi et al., 2021). Of particular interest among forest dendrobiont species is Lasius 
fuliginosus (Latreille, 1798) — the only representative of the subgenus Dendrolasius 
Ruzsky, 1912 in Europe (Radchenko, 2016). 

The subgenus Dendrolasius, to which this species belongs, has an Amphipalearc-
tic range, whereas L. fuliginosus itself is distributed across the western and central part 
of this range (Radchenko, 2005). In Europe, it extends to latitudes of 64–65 °N in 
Scandinavia and Finland, and south to Spain. In Greece, it is only found in high-moun-
tain forests. To the east, its distribution extends from the European part of Russia to 
southern part of West Siberia, northern Kazakhstan, the Caucasus and Transcaucasia 
(Czechowski et al., 2002; Zakharov, 2015). In Ukraine, L. fuliginosus is distributed 
throughout the entire territory, including the forest, forest-steppe and steppe zones, as 
well as the Crimean mountains. In the forest and forest-steppe zones it is mainly con-
fined to broad-leaved and mixed forests, whereas in the steppe zone it occurs exclu-
sively in intrazonal forests (e. g. floodplain and ravine forest stands). It occurs less 
frequently in coniferous stands, as well as in urban or forest parks (Radchenko, 2016; 
Stukalyuk et al., 2022a). L. fuliginosus is one of the dominant species of ant in forest 
communities (Dobrzańska, 1966; Márkó et al., 2013; Ślipiński et al., 2014; Stukalyuk, 
2017). It prefers shaded, moderately humid habitats and is oligothermic with respect 
to the thermal regime (Seifert, 2018). L. fuliginosus colonies can be very large, con-
taining hundreds of thousands to 2.5 million workers (Dobrzańska, 1966; Czechows-
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ki et al., 2002; Zakharov, 2015; Radchenko, 2016; Seifert, 2018; Stukalyuk et al., 
2022 b). As a territorial species, L. fuliginosus actively defends its foraging areas and 
trails. Long-term observations have shown that this species can coexist with another 
dominant territorial species, Formica polyctena Foerster, 1850, for long periods with 
minimal territorial overlap. However, it does significantly influence the community 
structure of subordinate ant species (Czechowski et al., 2013).

While most colonies are monogynous (Elst & Gadau, 2018), oligogyny and po-
lygyny have also been suggested (Czechowski et al., 2002). L. fuliginosus is an active 
trophobiont that is closely associated with aphid colonies, and these colonies consti-
tute a significant portion of its protein-rich diet (Depa et al., 2022; Dobrzańska, 1966; 
Zakharov, 2015). Foraging areas are guarded and there are permanent foraging trails 
leading to trees with aphids (Dobrzańska, 1966; Czechowski et al., 2002; Stukalyuk 
et al., 2022 b). Nests are usually located at the base of trees or in trunk cavities; they 
are less often found in stumps and logs, and cases of soil nests are extremely rare 
(Seifert, 2018). These nests are built from ‘cardboard’ made of shredded wood soaked 
in honeydew, containing species-specific fungi, and they resemble a sponge in struc-
ture (Maschwitz & Hölldobler, 1970; Vaessen et al., 2026). Part of the nest may be 
underground in the roots of the tree where the ants hibernate (Zakharov, 2015). 
Settling in buttresses facilitates access to aphid colonies on the same and neighbour-
ing trees. L. fuliginosus is capable of active thermoregulation in spring, accelerating 
brood development (Stukalyuk et al., 2026). L. fuliginosus prefers to build nests in 
living trees. 

The ecological niche of a species is traditionally considered in terms of two com-
plementary concepts: Grinnellian (the fundamental niche, which is determined by 
abiotic environmental conditions and resource availability) and Eltonian (the real-
ised niche, which takes into account trophic interactions and biotic relationships) 
(Grinnell, 1917; Elton, 1927; Soberón, 2007). Phytoindicator scales (Ellenberg et al., 
1991; Didukh, 2011) are a widely used tool for quantitatively assessing the Grinnel-
lian niche of animals since plant community composition and structure indirectly 
but reliably reflect key microclimatic, soil moisture, acidity, nitrogen content, illumi-
nation and naturalness of habitat gradients. All of these factors directly influence the 
choice of nest site, foraging activity and the success of colonies in ants. The system 
developed by Didukh (2011) is an adapted and improved version of European ap-
proaches. Based on an analysis of over 3,300 Ukrainian flora species, it takes into 
account not only optima, but also the full ranges of species tolerance. It also allows 
for synphytoindication, which is the calculation of weighted average ecological indi-
ces based on the projective cover of each species in the geobotanical description. 
This enables the composition and structure of plant communities to indirectly reflect 
the aforementioned key gradients. Unifying various scales into a single 100-point 
system (Goncharenko, 2017; Churilov et al., 2020; Goncharenko et al., 2022) ensures 
high data comparability and enables the identification of limiting factors with suffi-
cient accuracy. The effectiveness of the phytoindication approach for studying the 
ant niche has been confirmed by a series of studies in Ukraine. For instance, an anal-
ysis of the ecological preferences of various Formicidae species using vegetation data 
from the Chernihiv region revealed notable differences in tolerance levels. Lasius 
niger (Linnaeus, 1758) and Formica cinerea Mayr, 1853 exhibited the greatest adapt-
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ability, whereas Formica rufa Linnaeus, 1761 had a more restricted niche associated 
with stable forest environments (Stukalyuk et al., 2026). This approach has also been 
successfully applied to assess the niche of Lasius niger in Kyiv and Khmelnytskyi re-
gions. Here, soil acidity, nitrogen content and the degree of anthropogenic transfor-
mation were found to be significant predictors of nest complex structure (Stukalyuk 
et al., 2024). Previously, a similar approach was applied to two species of red wood 
ants (Formica rufa and F. polyctena in urbanised forests in Kyiv. This study identified 
differences in their sensitivity to moisture and thermal conditions (Stukalyuk et al., 
2024). These studies have shown that phytoindication can be used to link ant distri-
bution and activity with vegetation gradients, which is particularly valuable in heter-
ogeneous landscapes. Despite the significant amount of information available on the 
biology of L. fuliginosus (behaviour, colony structure, trophic relationships with 
aphids and temporary social parasitism) (Buschinger, 2009; Czechowski et al., 2013; 
Zakharov, 2015; Seifert, 2018), the quantitative analysis of its ecological niche using 
phytoindicators has yet to be conducted. The urbanised forests of the Kyiv region in 
Ukraine, such as the oak-hornbeam forest of Holosiivskyi and the floodplain forest 
of Zhukiv Island, are valuable models for studying the influence of anthropogenic 
pressure on dominant ant species in urban environments as their forest stands are 
typical in terms of composition and age. 

This study aims to characterise the ecological niche of Lasius fuliginosus along 
phytoindication gradients, and to identify the relationships between its foraging ac-
tivity and the structure of the vegetation in riparian (willow-poplar) and mesophil-
ous (oak-hornbeam) forests in Kyiv. 

We test the following hypotheses: (1) The temperature and humidity niche of 
L. fuliginosus will be the narrowest, acting as the main limiting factor in its distribu-
tion; (2) Foraging activity is higher in better-lit, moderately humid microhabitats; 
(3) Riparian forests support greater L. fuliginosus activity than mesophilous forests; 
and (4) Plant species richness positively affects the overall L. fuliginosus activity up 
to a certain threshold, beyond which the effect ceases. For this study, parallel geobo-
tanical descriptions were conducted alongside a quantitative census of the foraging 
activity of 36 L. fuliginosus colonies within standard 25 × 25 m plots. This was fol-
lowed by the calculation of phytoindicator values and multivariate statistical model-
ling, including GLM, GAM, PCA and PERMANOVA.

Material and Methods
Study Area  and Sampling Design 

The study was conducted in July and August 2025 in the urban forests of Kyiv, 
Ukraine. It included 36 colonies of Lasius fuliginosus, 20 of which were found in the 
mesophyll oak-hornbeam forest of the Holosiivskyi Forest and 16 of which were 
found in the floodplain forests of Zhukiv Island. The Holosiivskyi Forest’s main tree 
species are oak (Quercus robur L.), maple (Acer platanoides L.) and hornbeam (Carpi-
nus betulus L.). Oak also predominates in the floodplain forests, followed by white 
poplar (Populus alba L.) and elm (Ulmus sp.) less commonly. The study was conduct-
ed at the same time (10:00–13:00 Kyiv time) in clear, cloudless weather. Geobotani-
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cal descriptions were also conducted when describing each L. fuliginosus colony. The 
sites were selected to cover different forest types, tree species compositions corre-
sponding to the two forest types, and microhabitats ranging from illuminated forest 
edges to poorly illuminated areas deep within the forest.

Vegetat ion Assessment 

The projective cover of trees, shrubs and herbs was recorded as a percentage of the 
surface area for each plot. Tree species were identified, and their abundance was es-
timated based on their cover. The plant species richness of each plot was calculated 
as the number of different species encountered during the survey. Derived indices 
were calculated based on the primary data: total projective cover of trees, shrubs and 
herbs; the number of trees on the plot; the number of tree species; and total plant 
species richness. Additionally, phytoindication values from the Phi database were 
used for soil reaction, nitrogen content, humidity and temperature regime. No direct 
measurements of these environmental factors were carried out; their values had al-
ready been recorded based on vegetation characteristics. Environmental parameters 
were calculated for each plot using the widely used phytoindication technique in 
botany (Ellenberg et al., 1991; Didukh & Plyuta, 1994; Didukh, 2011). Scales adapted 
to the flora of Ukraine were selected (Didukh, 2011). To assess the key indicators of 
the ecological niche of L. fuliginosus, the following key plant factors were used: Hd — 
humidity; Rc — soil acidity; Sl — total salt regime; Nt — soil nitrogen content; Lc — 
light availability; Nv — naturalness value; Tm — temperature value; and Kn — con-
tinentality. All scales were standardised to a single 100-point scale for ease of com-
parison (Goncharenko, 2017; Churilov et al., 2020; Goncharenko & Yatsenko, 2020; 
Goncharenko et al., 2022).

Ant  Sampling and C olony Character izat ion 

The search for L. fuliginosus colonies was conducted using the route method. The 
observer examined tree trunks within 10-metre strips, paying particular atten-
tion to old, hollow trees. Each 100-metre strip was examined, after which the 
next 10-metre strip was examined. The observer gradually moved further away 
from the forest edge.

When a L. fuliginosus nest was found, the number of forage trees accessed by 
ant trails, as well as the number of trails, was recorded. A total of 109 forage trees 
were found. Additionally, the number of ants moving along the trails and trunks 
of the forage trees per minute was counted. For each colony, this count was per-
formed once (with three measurements taken for each foraging path within the 
colony) during the specified time period (10:00–13:00). Since the measurements 
were taken in mid- to late summer (July and August), inter-seasonal effects were 
excluded. The number of ants moving along the foraging trail in both directions 
was counted. The species of foraging tree and the total number of tree species 
visited in each foraging area were also recorded. The distance between the de-
tected colonies was at least 100 metres. Based on this and the lack of road con-
nections between adjacent nests, it was concluded that they did not represent a 
single colony.
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Data Management 

All data were stored in a Microsoft Excel file divided into the following four main 
sheets: – ‘Releves’ containing vegetation descriptions with species and cover;

– ‘Ants’ containing ant counts on trees and trails and the number of trees and trails;
– ‘Phi’ containing phytoindicator values for each plot;
– ‘Layer’ containing the total cover of the herbaceous, shrub and tree layers.
Descriptive statistics were calculated for all colony parameters: minimum, 25th 

percentile, median, 75th percentile and maximum. These indicators were tabulated 
for further analysis and presentation of the results.

Derived variables (e. g. total ant abundance and plant species richness) were 
calculated in R and combined into a single dataset for analysis. During data cleaning, 
all missing values were removed and factor levels were standardised (for example, 
Populus alba and Populus nigra were combined into Populus sp.).

Stat ist ica l  Analys is 

Statistical data processing, modelling and visualisation were performed in R (version 
4.5.2) (R Core Team, 2026). The ‘dplyr’ and ‘tidyr’ packages were used for data ma-
nipulation, and the ‘readxl’ and ‘openxlsx’ packages for data import. Graphics were 
generated using ‘ggplot2’ and ‘ggpubr’. Non-parametric statistical tests were con-
ducted using the ‘rstatix’ and ‘ggsignif ’ packages, while multivariate ecological anal-
yses and non-linear modelling were performed with the ‘vegan’ and ‘mgcv’ packages.

The analysis was conducted in several progressive stages. First, descriptive sta-
tistics (minimum, maximum, median, 25(th) and 75(th) percentiles) were calculated 
for colony activity parameters (ant counts on trees and trails, total ant abundance) 
and plot structural traits (number of foraging trees and trails). Similarly, the ecolog-
ical niche dimensions of Lasius fuliginosus were characterised by calculating the me-
dian and amplitude (minimum–maximum range) for each of the eight standardised 
Didukh phytoindication scales.

Secondly, the relationship between total ant abundance and vegetation structure 
was evaluated. As the variance-to-mean ratio indicated a highly aggregated, non-nor-
mal distribution with severe overdispersion, non-parametric approaches and ad-
vanced modelling were favoured over standard linear transformations. The effect of 
the number of foraging trees on total ant abundance was evaluated using an inde-
pendent Wilcoxon rank-sum test (Mann–Whitney U test) with a Bonferroni adjust-
ment for multiple pairwise comparisons. To evaluate the effect of plant species rich-
ness, two complementary approaches were utilised: (1) a categorical analysis where 
plant richness was divided into four categories and compared using a Wilcoxon 
rank-sum test with a Bonferroni correction; and (2) a continuous dynamic approach 
using a generalised additive model (GAM) with a quasi-Poisson error distribution 
and a log link function to capture nonlinear responses.

Thirdly, to evaluate the direct predictive power of macroclimatic and edaphic var-
iables on ant foraging activity, a generalised linear model (GLM) within the quasi-Pois-
son family was fitted, with the Didukh environmental scales acting as predictors. 

Fourthly, due to the poor predictive performance of linear modelling, the focus 
shifted to characterising the multivariate niche space. A principal component analy-
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sis (PCA) was performed on the standardised matrix of the eight Didukh environ-
mental scales to project and visualise the ecological niche space of L. fuliginosus in 
reduced dimensions. To strictly test for multivariate environmental niche segrega-
tion between the two macrohabitats (riparian willow-poplar forests versus meso-
philous oak-hornbeam forests), a non-parametric permutational multivariate analy-
sis of variance (PERMANOVA) based on Euclidean distances with 999 permutations 
was executed, complemented by non-metric multidimensional scaling (NMDS) to 
assess ordination stability.

Finally, the Wilcoxon rank-sum test (Mann–Whitney U test) was used to evalu-
ate actual differences in total ant abundance between the two forest types. For all 
statistical tests, differences were considered significant at p < 0.05.

Results
Activity of  Lasius fuliginosus in the Foraging Territor y.  Significant spa-
tial heterogeneity in ant activity was observed between different colonies (see Tab
le 1). The number of ants in trees ranged from 16 to 638 workers. Activity on trails 
also varied significantly (16–339).

The median abundance values in trees (145) and on trails (141) are very similar, 
suggesting that ants are distributed roughly equally between tree stands and trails. It 
can also be assumed that virtually all ants moving along ground roads ultimately 
reach forage trees. However, the upper quartile for trails (224.25) suggests that, in 
certain areas, above-ground activity may exceed that in trees. Total ant abundance 
varies by more than an order of magnitude (32–862), suggesting significant variabil-
ity in colony size and activity levels. The median total abundance (284) suggests that 
most colonies are moderate in size, with very large colonies being rare. The wide 
interquartile range of total ant activity (221–434) suggests significant variability even 
among typical plots. Colony structure is flexible, with significant differences in for-
aging intensity and overall abundance.

The ecological niche characteristics of L. fuliginosus are as follows. L. fuliginosus 
is found in a moderate soil moisture range (Hd 43–54, median 48), indicating its 
tolerance to conditions far removed from those of extremely dry and highly water-
logged habitats (Table 2).

Of all the factors studied, temperature showed the narrowest range (Tm 56–64, 
median 60.5), indicating a strong preference for moderately warm microclimatic 
conditions. This suggests that temperature is the primary limiting factor in the dis-
tribution of L. fuliginosus.

Based on soil pH (Rc 53–67), L. fuliginosus prefers neutral and slightly acidic 
substrates, as highly acidic soils appear to be unfavourable. Nitrogen availability (Nt: 
48–66.5) indicates a preference for habitats with a moderate trophic status; the spe-
cies avoids both extremely poor and highly eutrophic soils. The light regime (Lc 39–
61) reflects significant ecological flexibility: L. fuliginosus colonies are found in shad-
ed areas (e. g. mesotrophic hornbeam-oak forests) and in moderately illuminated 
areas (e. g. riverside). The general salt regime (Sl 21–42) and continentality (Kn 35–
48) fall within a relatively narrow range, whereas habitat naturalness (Nv 25–60) 
shows the greatest variability.
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Overall, the L. fuliginosus niche can be characterised as moderately broad, with 
clearly defined limiting factors — temperature and humidity — while edaphic pa-
rameters (e. g. acidity and nitrogen content) and illumination act as secondary gra-
dients of habitat suitability.

Tree number and overal l  act ivity of  L. fulig inosus.The number of for-
aging trees per L. fuliginosus colony varies greatly within each category (from one to 
six), indicating high heterogeneity in colony size and activity even under similar 
structural conditions (Fig. 1).

Pairwise Wilcoxon comparisons between plots with different numbers of trees 
revealed no statistically significant differences in total ant abundance; all adjusted 
p-values were 1.0. This suggests that increasing the number of trees per plot from 1 
to 6 does not consistently impact the abundance of L. fuliginosus in the foraging area. 
Median values are comparable across almost all categories, confirming the absence 
of a clear monotonic relationship. Slight trends towards greater variability at inter-
mediate tree numbers can be seen, but these are not statistically confirmed. The wide 
overlap of interquartile ranges between categories further indicates that the number 
of trees per colony alone is a weak predictor of colony size (Fig. 1).

The relat ionship between the total  abundance of  L. fulig inosus 
in a foraging area and plant species r ichness was evaluated using cate-
gorical and continuous approaches. When plant richness was treated as a cate-
gorical variable (see Fig. 2), a corrected pairwise Wilcoxon rank-sum test 
(Mann–Whitney U test) with Bonferroni adjustment revealed a statistically sig-
nificant difference (p_(adj) < 0.05) exclusively between plots with low species 

Table  1 .  Activity characteristics of Lasius fuliginosus  
in the foraging territory (N = 36) (number of workers per minute)

Variable Min P25.25. Median.50. P75.75. Max

Ants on trees 16 106 145 21.5 638
Ants on trails 16 109.75 141 224.25 339
Total ant abundance 32 221 284 434 862
Number of trees 1 2 3 4 6
Number of trails 1 1 2 2.25 4

Table  2 .  Ranges of Didukh phytoindication scale values  
(min, median, max) characterising the ecological niche of Lasius fuliginosus 

Factor_name Factor Min Median Max

Humidity Hd 43 48 54
Soil acidity Rc 53 57 67
Total salt regime Sl 21 31 42
Nitrogen Nt 48 57,5 66
Light Lc 39 48 61
Naturalness value Nv 25 48 60
Temperature Tm 56 60.5 64
Continentality Kn 35 40 48
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Fig. 1. Ant abundance vs. number of trees per plot 

Note .  Distributions present the total abundance of ants across plots. Pairwise comparisons were per-
formed using the Wilcoxon rank-sum test (Mann–Whitney U test) with Bonferroni correction.

Fig. 2. Ant abundance vs. plant species richness classes per plot 

Note .  Boxes represent interquartile ranges of total ant abundance. Significant pairwise differenc-
es (p.adj < 0.05) evaluated by the independent Wilcoxon rank-sum test with Bonferroni correc-
tion are indicated by an asterisk (*), while non-significant comparisons are hidden.*
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Fig. 3. Non-linear response of Lasius fuliginosus abundance to continuous plant species richness 
modeled via a Generalized Additive Model (GAM) with a quasi-Poisson error distribution. The 
shaded area represents the 95% confidence interval
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Fig. 4. PCA biplot of the ecological niche space of Lasius fuliginosus based on Didukh phytoindi-
cation scales. The first two dimensions explain 66.65% of the total environmental variance

richness (7–13) and those with moderately low richness (13–16), where higher 
ant abundance was observed. 

No significant differences were detected among any other pairs of plant rich-
ness classes (see Fig. 2). To model this trend dynamically without artificial bin-
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ning, a Generalised Additive Model (GAM) with a quasi-Poisson distribution 
was applied (Fig. 3). 

The GAM trend graph confirmed that ant abundance peaks in response to mod-
erate plant diversity and stabilises at higher richness levels.

To explore the direct predictive capacity of Didukh environmental scales on to-
tal ant abundance, a Generalised Linear Model (GLM) with a quasi-Poisson family 
was initially evaluated. However, the regression analysis showed that this dataset was 
not suitable for predictive environmental modelling: the predictors explained only 
7.5% of the total deviance (Pseudo-R² = 0.075) and none of the individual factors 
had a statistically significant linear effect on abundance (all p > 0.05; e. g. Tm: 
p = 0.411; Hd: p = 0.995). The high dispersion parameter (106.96) reflects an aggre-
gated, mosaic distribution of ant activity that is not linearly dependent on macrocli-
matic or edaphic gradients. 

Consequently, rather than attempting to predict abundance via regression or 
machine learning models (such as Random Forest), the focus was shifted to charac-
terising multivariate niche space. A principal component analysis (PCA) performed 
on the eight standardised Didukh phytoindication scales showed high efficiency: the 
first two principal components successfully captured 66.65% of the total environ-
mental variance (PC1: 43.78%; PC2: 22.88%), providing a robust, low-dimensional 
space for ecological niche visualisation (Fig. 4).

To rigorously test whether the environmental niches of L. fuliginosus differ be-
tween the two forest stands, a non-parametric permutational multivariate analysis of 
variance (PERMANOVA) based on Euclidean distances was performed. This 
demonstrated a highly significant and distinct separation between the ecological 
niche configurations in riparian and mesophilous forests (PERMANOVA: 

p = 0.15
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Fig. 5. Lasius fuliginosus foraging abundance across different forest types 

Note .  Medians are compared using the independent Wilcoxon rank-sum test (Mann–Whitney U test); 
the difference between riparian and mesophilous stands is statistically non-significant (p = 0.1526).
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F₁,₃₄ = 18.86, R² = 0.36, p = 0.001). Forest type accounted for 35.7% of the total mul-
tivariate niche variance, a result that was further supported by stable, reliable 
non-metric multidimensional scaling (NMDS) ordination (stress = 0.0744).

In terms of actual foraging intensity, the median value for total ant abun-
dance was higher in riparian forests (445.5 workers per minute) than in meso-
philous forests (279.5 workers per minute). However, the corrected Wilcoxon 
rank-sum test confirmed that this difference was not statistically significant 
(W = 171, p = 0.1526; see Fig. 5). 

This suggests that, although the two habitats represent distinct environmental 
niches for L. fuliginosus, the species exhibits similar levels of foraging activity in both 
types of forest.

Discussion
This study provides the first quantitative, phytoindication-based analysis of the eco-
logical niche of Lasius fuliginosus. It addresses a common assumption about a single 
dominant ant species that is rarely tested directly: separating the question of where 
the species can live from how actively it forages once established. It transpires that 
these are two different stories. The niche itself, reconstructed from eight Didukh 
scales, is narrow and well-defined along its thermal and hydric axes. By contrast, the 
realised foraging activity is remarkably stable across two structurally and environ-
mentally distinct forest types. This asymmetry is the paper’s central result, and it is 
worth considering before examining the individual gradients.

Classical niche theory already anticipates this kind of decoupling. Soberón 
(2007) framed the distinction between the Grinnellian niche, which is condition-de-
fined, and the Eltonian niche, which is shaped by biotic interactions and resource 
use. Our data map fairly cleanly onto this division: PCA and PERMANOVA describe 
the Grinnellian side, where the two forest types occupy essentially non-overlapping 
environmental space. By contrast, the Wilcoxon comparison of worker flow de-
scribes something closer to the Eltonian performance side of the niche, which did 
not differ. Similar decoupling between habitat suitability and realised interaction 
outcomes has also been observed in other ant assemblages shaped by competition 
and niche partitioning (Salas-López et al., 2022). This is consistent with the general 
expectation that abundance and activity are influenced by factors beyond the abiotic 
template.

Temperature produced the narrowest range of any of the eight examined scales 
(Tm 56–64, median 60.5), which is not so much an unexpected result as a well-found-
ed confirmation of long-held assumptions about the species’ autecology. L. fuligino-
sus is consistently described as a species of shaded forest and is considered to be oli-
gothermic, in contrast to more thermally tolerant congeners such as L. niger (Seifert, 
2018; Radchenko, 2016). Our data provide numerical support for this description. 
Temperature is also one of the more mechanistically important variables in ant ecol-
ogy in general, since it constrains locomotor performance, the rate at which the 
brood develops and the daily rhythm of trail activity. Its role in shaping the function-
al composition of ants along climatic gradients has been demonstrated repeatedly 
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(Tiede et al., 2017; Uhey et al., 2020). This has a practical implication: because the 
thermal window is so narrow, it is plausible that colonies could be displaced or sup-
pressed by canopy opening, edge formation or urban microclimatic warming, even 
in habitats that otherwise appear suitable. This is something that should be tested 
directly in future urban-gradient studies.

Soil moisture told a similar story (Hd 43–54, median 48). The species avoided 
both dry and waterlogged extremes, which is consistent with what is known about its 
nesting biology. Colonies build carton nests from shredded, honeydew-soaked wood 
that hosts characteristic fungal species. The physical cohesion of this material and 
the embedded fungal community presumably depend on a fairly narrow humidity 
range (Maschwitz & Hölldobler, 1970; Vaessen et al., 2026). The sensitivity of forag-
ing behaviour to ambient humidity is not unique to this species either; direct behav-
ioural responses to humidity have been documented in other species of ant (Gordon 
et al., 2013), which lends some generality to the pattern rather than treating it as an 
idiosyncrasy of L. fuliginosus. The same logic applies to thermoregulation in red 
wood ants, where nest microclimate control was shown to be central to colony per-
formance (Stukalyuk et al., 2020). 

When placed alongside other Lasius species and Formica rufa, the niche of 
L. fuliginosus appears to be narrower in a selective rather than uniform way (Table 3). 

Its niche is distinctly tighter than that of L. niger in terms of both temperature 
and moisture. It converges with L. platythorax in terms of its hydric range and its 
thermal specialisation is similar to that of F. rufa. This pattern matches the broader 
conclusion drawn from Chernihiv-region vegetation data, namely that phytoindica-
tion scales can reliably separate habitat generalists from forest-obligate specialists 
among ants (Stukalyuk et al., 2026). While the edaphic axes — acidity and nitro-
gen — were comparatively broad, they were still informative: the observed prefer-
ence for neutral to slightly acidic, moderately nutrient-rich substrates indicate ma-
ture forest stands rather than early-successional or heavily disturbed ones. This fil-
tering effect has also been described in ant communities in response to forest man-
agement and associated changes in stand structure (Arnan et al., 2009; Grevé et al., 
2018). This naturally aligns with the vegetation composition documented in Kyiv’s 

Table  3 .  Comparison of the ranges of phytoindication factors  
for Lasius fuliginosus (this study, N = 36) and other species  
of the genus Lasius, as well as Formica rufa (according to Stukalyuk et al., 2026)

Species Hd,  
humidity

Rc,  
acidity

Sl, salt 
regime

Nt,  
nitrogen

Lc,  
light

Tm,  
temperature

Kn,  
continentality

L. fuliginosus 43–54 53–67 21–42 48–66 39–61 56–64 35–48
L. niger 37–51 49–64 31–44 33–63 60–74 44–67 39–48
L. psammophilus 33–44 43–55 24–36 30–51 64–70 47–61 35–43
L. platythorax 43–48 22–54 18–38 30–56 54–68 41–54 35–43
F. rufa 44–49 33–55 26–42 35–63 62–68 50–51 35–41

Note . The ranges for the compared species are calculated based on the mean ± SD from Stukalyuk et al. 
(2025). L. fuliginosus has a narrower niche for Tm and Hd than L. niger, but its temperature specialisation is 
comparable to that of F. rufa.
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urban and peri-urban forests (Goncharenko & Yatsenko, 2020). This vegetation 
forms the basis for the Didukh-scale synphytoindication values employed here, 
which trace back to Ukrainian adaptations of the Ellenberg system and ultimately to 
its original formulation (Didukh & Plyuta, 1994; Didukh et al., 2011).

The response to plant species richness added a further layer of nuance, rather 
than simply confirming the idea that ‘more diversity means more ants’. Both the cat-
egorical comparison and the generalised additive model (GAM) converged on a 
threshold pattern: abundance increased only between the lowest richness class and 
the next one up, and then levelled off. Nonlinear, saturating or hump-shaped re-
sponses of ant assemblages to habitat complexity are well documented (Graham et 
al., 2009; Pihlgren et al., 2010). Furthermore, an explicitly hump-shaped richness 
pattern has recently been demonstrated for ants along an entirely different gradi-
ent — elevation (You et al., 2025). This suggests that such saturation is not peculiar 
to urban Kyiv forests, but rather a more general property of how ant assemblages 
respond to increasing habitat complexity. The most plausible mechanistic explana-
tion here is trophic: moderate floristic diversity likely increases the spatial availabil-
ity of aphid-bearing host plants and structural heterogeneity at understorey level. 
However, once the threshold of complexity is met, additional plant species may not 
provide further honeydew-relevant resources, which is consistent with the trophobi-
otic dependence of the species (Depa et al., 2022).

This trophic framework also helps to explain what would otherwise be a coun-
terintuitive negative result: the number of foraging trees per plot had essentially no 
effect on total abundance (all pairwise comparisons p = 1.0). If the quantity of trees 
mattered in a simple additive way, this should not have happened. However, for a 
species whose colonies depend on large, mature trees with hollows, stable bark and 
long-established aphid colonies, the number of trees is a poor proxy for the actual 
resource — quality substitutes for quantity. This interpretation aligns with the 
broader conclusion that trophobiosis can account for a significant proportion of 
forest ants’ energy intake, and that vegetation quality, rather than raw tree density, 
influences spatial patterns of foraging investment (Brewitt et al., 2015; Lubertazzi & 
Tschinkel, 2003).

From a methodological perspective, the difference between the GLM and the 
multivariate ordination is significant and merits further discussion, as it is easy to 
misinterpret. The GLM explained only 7.5% of the variance and identified no signifi-
cant linear predictors, which could be interpreted as a failure of the phytoindication 
approach. It is not. When PCA and PERMANOVA were applied to the same eight 
variables, they cleanly separated riparian and mesophilous plots and accounted for 
over a third of the total multivariate variance. These two results are not contradictory; 
they answer different questions: one concerns the linear predictability of abundance 
and the other concerns multivariate niche structure. The fact that the second method 
succeeds where the first method fails provides insight into how the abundance of this 
species is organised: it is aggregated and patchy, evidently shaped by more than one 
linear environmental gradient. Riparian willow-poplar stands and mesophilous 
oak-hornbeam stands represent different environmental templates. This parallels 
what has been shown for ant and invertebrate assemblages along other riparian-forest 
structural gradients (Johnson et al., 2014; Popescu et al., 2021; Gray et al., 2015).
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Nevertheless, despite this environmental difference, the intensity of foraging did 
not differ significantly between the two forest types. This is arguably the study’s most 
ecologically interesting outcome, because it means that habitat segregation and per-
formance are not on the same axis. Once a colony’s basic thermal and hydric require-
ments are met, it appears capable of sustaining comparable levels of activity in either 
setting — a form of plasticity layered on top of otherwise narrow tolerances. A con-
ceptually similar phenomenon has been observed in ant assemblages persisting 
across structurally heterogeneous patches of boreal forest, where the continuity of 
key structural resources was more important than the uniformity of the habitat itself 
(Punttila, 2020). While our system is not successional in the same sense, the under-
lying logic — that structural and trophic continuity, rather than homogeneity, sus-
tains performance — remains relevant.

Some of this resilience may also stem from aspects of the species’ life history that 
are easily overlooked when the focus is solely on foraging counts. L. fuliginosus col-
onies are established through temporary social parasitism following a nuptial flight 
in the nests of host species within the subgenus Chthonolasius (Buschinger, 2009; 
Stukalyuk et al., 2022 c). Mixed colonies involving hosts such as L. umbratus can 
persist for extended periods before or instead of full replacement (Stukalyuk et al., 
2021). This founding pathway is inherently patchy and historically contingent — a 
colony’s presence in a given tree may be as much due to a queen successfully para-
sitising a host nest years earlier as to that tree’s current microclimate suitability. This 
historical footprint could contribute to the high dispersion parameter recovered in 
the GLM and serves as a reminder that not all of the ‘unexplained’ variance in abun-
dance is environmental noise, some of which may represent legitimate biological 
history that cannot be captured by a cross-sectional design.

Taking a broader view, these results reinforce the reasons why ants are consid-
ered such useful bioindicators — not just because they respond to disturbance, but 
also because their distribution reflects microclimate, vegetation structure, and habi-
tat continuity over time in a way that few taxa with a faster turnover rate can (Ander-
sen, 1997; Tiede et al., 2017; Lawes et al., 2017). This role has specifically been docu-
mented for riparian and forest ant assemblages elsewhere (Ives et al., 2011; Zina et 
al., 2021; Subedi et al., 2021). In this light, L. fuliginosus appears less like a generalist 
that merely tolerates a wide range of forests and more like a specialist with a narrow 
thermal and hydric envelope. Once inside this envelope, the species exhibits consid-
erable flexibility in its foraging behaviour. This combination of tight environmental 
tolerance and plastic behavioural performance may be precisely what enables the 
species to remain dominant and territorially aggressive in suitable forest patches, yet 
be effectively absent from open, dry or heavily transformed urban habitats.

Study limitations
These conclusions should be tempered by a few methodological constraints. Forag-
ing intensity was measured as worker flow per minute rather than direct colony size 
or biomass, meaning it remains an indirect indicator of overall colony performance. 
As fieldwork was restricted to a single season (July–August 2025), seasonal and in-
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terannual variation in the thermal regime, moisture, and trophobiont availability 
could not be captured. Some colonies were located close enough to one another that 
spatial autocorrelation and pseudoreplication cannot be entirely excluded. Phytoin-
dication scales reflect environmental conditions indirectly through vegetation com-
position rather than continuous physical measurement. This indirectness is arguably 
a strength as it integrates conditions over a longer time period than a single sensor 
reading. Finally, temporal variation in colony social structure and worker reproduc-
tion, as documented for this species by Elst and Gadau (2018), was not accounted for 
here. This variation could modulate the observed abundance patterns and seems a 
natural direction for follow-up work, ideally combined with multi-season sampling.

This study provides the first multivariate, phytoindication-based characterisa-
tion of the ecological niche of L. fuliginosus in urban forests in Kyiv city. It confirms 
temperature and moisture as the principal limiting factors of this niche and demon-
strates a non-linear, saturating response to plant species richness. Furthermore, it 
shows that riparian and mesophilous forests constitute genuinely distinct environ-
mental niche spaces for the species, despite there being no difference in realised 
foraging activity. Overall, the results imply that niche breadth and behavioural per-
formance should be considered distinct properties of a species’ ecology, a distinction 
that could be valuable in many other contexts.

Conclusions
This study provides the first quantitative characterisation of the ecological niche of 
Lasius fuliginosus using multivariate phytoindication gradients. The microclimatic 
parameters that act as the primary environmental constraints were clearly identified: 
the species exhibits a specialised and narrow temperature range (T_m: 56–64 points, 
median: 60.5) and a well-defined soil moisture range (H_d: 43–54 points, median: 
48). This allows it to successfully avoid both extreme xerophytic and waterlogged 
habitats.

Multivariate niche space analysis (PCA and PERMANOVA) revealed significant 
environmental segregation between the two macrohabitats (F₁,₃₄ = 18.86, R² = 0.36, 
p = 0.001). Riparian (willow-poplar) and mesophilous (oak-hornbeam) forests rep-
resent two distinct ecological spaces for L. fuliginosus. However, the species exhibits 
high ecological plasticity, maintaining equivalent levels of actual foraging activity 
across both forest types (W = 171, p = 0.1526). Nevertheless, riparian zones demon-
strate higher median abundance (445.5 workers/min) and greater spatial variability 
than mesophilous stands (279.5 workers/min).

The structural characteristics of the vegetation influence ant foraging intensity 
non-linearly. The number of trees per plot (1–6) is a weak, statistically insignificant 
predictor of abundance (p = 1.0), confirming that microhabitat quality and aphid 
availability are more important than mere tree density. Conversely, plant species 
richness exhibits a distinct, hump-shaped threshold pattern modelled via a general-
ised additive model (GAM), whereby a significant increase in foraging activity oc-
curs exclusively when moving from low (7–13 species) to moderately low (13–16 
species) richness, after which resource saturation occurs.
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These insights have direct practical applications for the management of forests 
and the conservation of biodiversity in the urban and suburban landscapes of the 
Kyiv region (e. g. the Holosiivskyi National Nature Park and Zhukiv Island). L. fulig-
inosus can be used effectively as a bioindicator in stable, moderately warm and hu-
mid forest zones under anthropogenic pressure. In order to maintain stable popula-
tions of this dominant keystone species, conservation strategies must prioritise the 
preservation of ancient, hollow-bearing oaks and the maintenance of structural edge 
mosaics within riparian ecotones. Future research should focus on multi-year longi-
tudinal monitoring and molecular-genetic colony mapping to eliminate pseudorep-
lication, as well as the direct quantification of aphid colony dynamics across regional 
GIS climatic scales.
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