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1. Introduction

Changes in forest ecosystems are related to the impacts 
of natural and anthropogenic factors (Chappelka and Freer-
Smith 1995, Manion and Lachance 1992, Augustaitis et al. 
2005). Since the last decades of the 20th century, there have 
been considerable changes in forests across Europe caused 
by air pollution, especially by ground-level ozone (O3), sul-
phur (S) and nitrogen (N) oxides (Heliövaara and Väisänen 
1988, Emberson et al. 2007, Paatero et al. 2008, Rizvi et al. 
2012). Humans are altering the global cycle of nitrogen via 
combustion of fossil fuels, production of nitrogen fertiliz-
ers, cultivation of nitrogen-fixing legumes, and other actions 
(Galloway et al. 1995). It has been estimated that more than 
60% of nitrogen oxides in the atmosphere are derived from 
human activity (Logan 1983) and are widely considered an-
thropogenic nitrogen (Boyer et al, 2002). The deposition of 
anthropogenic nitrogen from the atmosphere strongly affects 
terrestrial ecosystem processes.

The deposition of anthropogenic nitrogen from the at-
mosphere strongly affects terrestrial ecosystem processes. 
Crowns of trees are an excellent location for dust deposition, 
which enriches forest ecosystems with an additional portion 
of elements, as well as nitrogen compounds. The amount of 
dust deposition depends on the tree species (Simon 2016a). 

Nitrogen deposition may increase primary production (Aber 
et al. 1989), favour nitrophilic plant species in vegetation 
communities (Marozas et al. 2008,) as well as modify inter-
actions between plants and insects (Mattson 1980). Pollution 
poses a considerable threat to forest ecosystems, but on the 
other hand different organisms have varying sensitivities 
to different pollutants. For instance, lichens and some spe-
cies of mites differ in their sensitivity to sulphur dioxide 
(Thormann 2006), vascular plants differ in their sensitivity to 
ozone (Felzer et al. 2007), and herbs, shrubs and herbivorous 
insects differ in their sensitivity to nitrogen (Marozas et al. 
2008, Throop and Lerdau 2004). This variation in sensitiv-
ity suggests that air-pollution stress affects the biodiversity 
of ecosystems, either in shifting species composition or the 
outright loss of sensitive species (Lukac and Godbold 2011). 
The arthropods are the most numerous group of animals in 
forests ecosystems (Perry 1994), and they perfectly reflect the 
impact of various factors on forest ecosystems by changes in 
their species composition and assemblage structure (Führer 
1985, Heliövaara and Väisänen 1988, Xu et al. 2009). The 
cessation of pollution (e.g., phosphate) stimulates the increas-
ing of plant diversity and therewith the increasing of diversity 
and abundance of different functional groups of herbivores 
(chewers, miners, cell-tissue suckers and vascular suckers). 
While among carnivores and detritivores, only the sucking 
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hunters have been found to produce a significant positive 
correlation with plant species richness (Perner et al. 2003). 
Studies on acidification and nitrogen fertilization of plots es-
tablished in a young Scotch pine plantation have shown that 
dry deposition of sulphur and wet deposition of sulphuric 
acid hamper the increace of late successional carabid fauna 
in assemblages (forest species, zoophagous species, autumn 
breeders), but small dosages of nitrogen fertilization acceler-
ate those (Skłodowski 1995).

A higher level of nitrogen deposition in the soil and a 
higher concentration of nitrogen in the air still are found near 
Joint Stock Company “Achema”, a nitrogen fertilizer plant, 
which is the largest nitrogen fertilizer producer in the Baltic 
countries. A lot of chemicals, such as ammonia, methanol, 
carbamate, formalin and their products have been produced 
since 1965 in this plant (Anonymous 2015). The first reports 
of damage to the forest ecosystems close to the plant were 
described in 1972 (Armolaitis et al. 1999). A large-scale 
death of trees and the diminishing of shrub and moss cover 
in an area of 4000 ha of the surrounding forest were a con-
sequence of enhanced production at the plant in the period 
1979–1988 (Armolaitis et al. 1999). The process of ecosys-
tem collapse was stopped when emission of pollutants was 
reduced from 40,000 tons per year in 1981 to 11,000 tons in 
1990 (Armolaitis et al. 2013). The ongoing regeneration of 
forest ecosystems has been observed since 1999 as a conse-
quence of reducing the emission of pollutants to 2,400 tons 
per year in 2013 (Anonymous 2015). In 2012, air pollution 
by ammonia (NH3) and nitrogen-oxid (NO) was higher than 
typical Lithuanian background levels only within a range of 6 
km from the plant (Armolaitis et al. 2013). The concentration 
of sulphur (S) in the air has fell to the general limits, even in 
the stands situated less than 2 km from the plant (Armolaitis 
et al. 2013).

Research has been focused on the process of regenera-
tion of forest ecosystems around the nitrogen fertilizer plant, 
as well as analysis of the state of different habitat structures: 
conditions of the crowns of trees and defoliation (Armolaitis 
and Stakėnas 2001, Augustaitis 2005), state of stems and 
their radial growth (Stravinskienė 2004), epiphytical mi-
croflora and needles (Kupčinskienė et al. 2000), cover of 
shrubs, herbs and bryophytes (Armolaitis and Stakėnas 2001, 
Marozas et al. 2008) as well as the chemical composition of 
the soil (Armolaitis and Stakėnas 2001). 

Long-term accumulation of nitrogen and sulphur in 
the soil in pine forests surrounding Achema has led to the 
loss of some plant species typical of such pine forest, e.g., 
Vaccinium myrtillus, Vaccinium vitis-idea, and increase in the 
frequencies of nitrophilic plants, including Galeopsis tetra-
hit, Stellaria graminea, Rubus idaeus, Chamerion angusti-
folium etc. (Marozas et al. 2008). Deposition of acidifying 
compounds has been shown to have the most significant ef-
fect on pine tree defoliation as well as on the diversity of soil 
microarthropods and diversity of stream macroinvertebrates 
(Augustaitis et al. 2005). However, no significant impacts on 
the level of defoliation of trees and acidification of the soil 
have been observed since the reduction of the plant’s emis-

sions. Moreover, a higher activity of the process of humifica-
tion, which increased the concentration of organic carbon (C) 
at the distance of up to 6 km from the plant, was observed in 
the forest litter and upper horizons of soil during that period 
(Armolaitis et al. 2013). 

The long-term nitrogen loading on grasslands was ob-
served to have a negative effect on the species richness of her-
bivores and predator insects, while the total insect abundance 
and species richness of detritivores increased (Hadad et al. 
2000). Studies on the effects of N deposition on the ecosys-
tem and on herbivores were also carried out by Throop and 
Lerdau (2004); however, its effect on insects inhabiting forest 
litter layers remains poorly investigated. Nitrogen deposition 
impacts the litter layer and soil humus and as a consequence 
might change species composition and structure of arthropod 
assemblages inhabiting this layer of the ecosystem. 

Within a short distance (up to 6 km) from the plant, the 
forest is affected by a high concentration of pollutants in the 
air (even several years after reduction of the plant’s emission 
of pollutants) (Armolaitis et al. 2013), which per force are 
accumulated in forest litter; therefore, we suppose that those 
could have a crucial impact on arthropod assemblages in the 
area. We expect that different diet specialists (e.g., phytopha-
gous, saprophagous, zoophagous etc.) and different habitat 
specialists (e.g., forest, open area and generalists) could react 
differently to the changes in the forest ecosystem under a dif-
ferent impact of pollution from the plant. 

We considered the following exploratory questions: (1) 
Is the number of species and individuals in the beetle assem-
blages situated closer to the nitrogen fertilizer plant lower 
compared with assemblages at sites further away? (2) Are 
the proportions of diet and habitat specialists in beetle assem-
blages related to the distance from the plant? (3) Is it possible 
to distinguish litter coleopteran species which can be used as 
indicators of polluted forest ecosystems?

2. Material and methods

2.1. Site characteristics

The studies were conducted in eight plots, established 
in 65–100 year-old Scots pine (Pinus sylvestris L.) stands 
(type: Pinetum vaccinio-mirtyllosum) situated in the central 
part of Lithuania from October to April 2013–2014. The 
plots were located along a 21 km long transect northeast of 
the plant (downwind according to the prevailing winds in the 
region) (Fig. 1). The research plots were located at four dif-
ferent distances from the plant: 2–3 km (plots A1–A2), 5–6 
km (plots B1–B2), 10–11 km (plots C1–C2) and 19.8–20.5 
km (plots D1–D2), which were considered as distinct dis-
tance classes: 3, 5, 10 and 20 km, respectively, in further data 
analyses (Tables 1 and 2). Soil humidity in each research plot 
was mesic (no inundation during spring after snow melting). 
Geobotanical characteristics were recorded according to the 
Braun-Blanquet scale. Stand age and leaf area index data 
were taken from the forest inventory.
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2.2. Sampling 

Five litter samples were taken from randomly chosen 
1000 m2 area locations in each research plot   (which gener-
ated 5 x 8 = 40 litter samples). The samples were collected on 
10 October 2013 and during April 2014. Each litter sample 
was compiled of 5 small randomly taken samples, each of 
which comprised moss, litter and humus layers sampled at a 
depth of 5 cm of the layer from the surface of 0.04 m2. The 
average weight (g) of samples dried to air humidity varied 
between stands: A (1) – 753 g, A (2) – 778 g, B (1) – 1091 
g, B (2) – 1075 g, C (1) – 740 g, C (2) – 857g, D (1) – 752 
g, D (2) – 990 g. These data were used for the calculation of 
litter composition (average g, %), which is given in Table 1. 

The litter samples were dried to air humidity prior to analysis 
of content fractions. Litter fractions were separated manually 
using a sieve with a mesh size of 5 mm. The moss fraction 
was separated manually. The data on soil chemical compo-
sition and on air pollutants in the investigated area are also 
given in Table 2 and are taken from Armolaitis et al. (2013) 
and Plaušinytė (2014). Beetles were extracted from the sam-
ples manually using sieves with holes of 5, 3 and 1 mm and 
collected using an aspirator. Adults were identified to species, 
larvae to family or some of them to genus levels using various 
specialized keys for identification of Coleoptera (Böving and 
Craighead 1931, Lohse 1964, Freude et al. 1967, 1974, 1983, 
Müller-Motzfeld, 2004). Diluted technical ethylene glycol is 
recommended for research work (e.g., Braun et al. 2012), but 

Table 1.  Species composition of studied stands (two tree layers and shrub layer) and litter samples: explanation of species presence: 
+ - solitary individuals, 1 – individuals covering less than 20% of area, 2 – individuals covering 20-25% of area, 3 - individuals covering 
25-50% of area, 4 - individuals covering 50-75% of area, 5 - individuals covering more than 75% of area. 

Table 1. Species composition of studied stands (two tree layers and shrub layer) and litter samples: explanation of 
species presence: + - solitary individuals, 1 – individuals covering less than 20% of area, 2 – individuals covering 20-
25% of area, 3 - individuals covering 25-50% of area, 4 - individuals covering 50-75% of area, 5 - individuals covering 
more than 75% of area 
 
Plot      A       B       C       D 
Replicates   A(1)  A(2)   B(1)  B(2)   C(1)  C(2)   D(1)  (D2) 
Latitude (N)  55°04'43'' 55°04'46''  55°06'59'' 55°07'01''  55°07'43'' 55°07'55''  55°10'34'' 55°10'11'' 
Longitude (E)  24°23'42'' 24°23'24''  24°24'21'' 24°24'30''  24°28'50'' 24°28'51''  24°36'58'' 24°36'52'' 
Distance class  3   3    5   5    10   10    20   20 
                 tree first layer 
P. sylvestris   5   5    4   4    4   5    4   4 
P. abies    +   +    2   2    1   +    2   1 
B. pendula   -   -    +   +    -   +    -   + 
                 tree second layer 
B. pendula   +   +    +   -    +   +    +   + 
P. abies    3   +    3   4    2   2    3   3 
Q. robur    +   +    +   +    +   +    +   + 
                 shrub layer 
S. aucuparia   +   +    +   +    +   +    +   + 
F. alnus Mill.   +   +    +   +    +   +    +   + 
B. pendula   -   -    -   -    -   +    -   - 
C. avelana   -   +    -   +    -   -    -   - 
P. abies    +   +    +   -    +   +    +   + 
A. platanoides  +   +    +   +    -   -    -   - 
Q. robur    +   +    +   +    +   +    +   + 
Stand age    70-80  65-70   90-100 90-100  75-80  80-90   80-95  70-80 
Leaf area index   2.63  2.07   2.5   2.59   2.61  2.02   2.47  2.05  
             Litter samples composition (average g, %) 
Moss     2.56   2.44  5.01  2.71   12.03  15.25   11.02  10.01 
Fraction >5 mm  28.54   26.8  13.89  18.52   16.86  16.73   22.92  20.3 
Fraction <5mm  68.9   70.76  81.09  78.77   71.11  67.98   66.06  69.69 

 
 
 Table 2. Soil chemical content and soil and air contamination by sulphur and nitrogen compounds in studied stands

 
Plot       A       B       C       D 
Replicates    A(1)  A(2)   B(1)  B(2)   C(1)  C(2)   D(1)  (D2) 

Soil chemical composition (0-5 cm depth) 
Nitrogen g kg-1  0.075   0.099  0.131  0.116   0.120  0.132   0.079  0.075 
Sulphur, µg m-3  2.3    2.2   2.8   2.8    2.2   2.2    1.9   1.4 
pHKCl     3.5    3.5   3.9   3.5    3.5   3.8    3.4   3.3 
Carbon g kg-1   256   240  380  386   281  285   300  298 
P2O5 µg kg-1   121   125  103  159   121  80    55   34 
K2O µg kg-1   40    30   37   36    40   36    38   32 
 

Air pollutants (Average of previous 5 years (2007-2012) 
SO µg m-3     2.2±0.8     2.8±0.8     2.2±0.3     1.4±0.2 
NO µg m-3    33.9±2.4      12.6±1.3     8.4±0.2     8.2±1.0 
NH µg m-3    276.9±51.3    33.1±14.1     2.1±0.3     3.2±1.2 
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because we were only preserving collected beetles we used 
ethanol.

2.3. Beetle life traits for analysis

The identified beetle species were divided by life traits 
and grouped according to their diet preference (diet group) 
and habitat preference (habitat group). The diet group con-
sisted of zoophagous (feeding on food of animal origin), 
dendrophagous (feeding on tissues of trees and shrubs), 
herbiphagous (feeding on tissues of grasses), mycophagous 
(feeding on fungi), saprophagous (feeding on decayng or-
ganic matter), and mixophagous (feeding on food from both 
animal and plant origin) beetles. The habitat group consisted 
of: forest specialists (inhabiting only forests), habitat general-
ists (which inhabiting various habitats) and open area special-
ists (inhabiting open areas). Our classifications were based 
on the works of Thiele (1977), Nunberg (1985), Eisenbeis 
and Wichard (1987), Boháč et al. (2007), Tarnawski and 
Buchholz (2008) and Belskaya and Kolesnikova (2011). 

2.4. Data analysis

The pollutants emitted from nitrogen fertilizer plant were 
responsible for changes in environmental factors in the vi-
cinity. They could influence the environment directly (e.g., 
concentration of chemical compounds in air and soil) or in-
directly (e.g., acidification and fertilization of soil and litter 
layer and exchanged vegetation structure). Therefore, we 
recorded parameters related to pollution, soil properties, lit-
ter layer and vegetation structure (Tables 1 and 2) and also 
transect parameters (distance from the plant). To reduce the 
number of variables to the main environmental gradient and 
exclude the risk of autocorrelations and synergistic or antago-
nistic relationships between variables, we performed princi-
pal component analysis (PCA) of environmental variables. 
The first axis of the PCA explained 81% of the environmen-
tal factor variation and showed the response to air pollution, 
mainly nitrogen content (R = -0.99). The second PCA axis 
explained 12% of variation and showed the soil properties of 
the forest, mainly carbon content of the litter layer (r = 0.92). 

The third axis, which explained 6% of the total variation of 
environmental data, was spatially dependent and reflected the 
distance of the forest from the nitrogen source (r = 0.77). The 
fourth gradient dimension (axis 4) explained 1% of the to-
tal variation and reflected the vegetation structure of the soil 
surface (moss layer r = 0.81). The number of species, beetle 
abundance and life traits were dependent values, whereas 
four principal components were considered factors reflecting 
environmental variables. We performed a generalized linear 
model (with a log link function) to assess the influence of four 
environmental factors on the number of species, beetle abun-
dance and life traits. The most suitable model was inferred 
using Akaike’s information criteria (AIC), based on model fit 
(Johnson and Omland 2004). The analyses were performed 
using the software CanoDraw for Windows Version 4.52 (Ter 
Braak and Šmilauer 2003).

The IndVal (Indicator Value) procedure (Dufrêne and 
Legendre 1997) was applied for detecting characteristic spe-
cies for different study plots. IndVal attains the maximum 
value (1.00) when all individuals of the species are found 
in a single plot (high specificity), and minimum value when 
the same species occur in all plots (high fidelity). Elek et al. 
(2001) suggested that "in many respects the IndVal approach 
is a quantitative characterisation of the idea of indicator spe-
cies of the classical plant sociology, based on computerised 
randomisation procedure (...), it would be better to name the 
so-called indicator species as quantitative character species". 
These values were analyzed using R statistic (R Core Team 
2014) and Monte-Carlo method. 

Indirect ordination of the beetle assemblages inhabiting 
different stands at different distances from the nitrogen pol-
lution source was performed using non-metric multidimen-
sional scaling, calculated in WinKyst 1.0 (Šmilauer 2002) 
on a Bray-Curtis similarity matrix, which was visualized in 
an ordination diagram in the Canoco 4.5 package (Lepš and 
Šmilauer 2003).

To detect the relationships between beetles and selected 
environmental indices, redundancy analysis (RDA) was per-
formed after testing the length of the gradient using detrended 
canonical correspondence analysis (DCCA). A short length 
of the gradient was indicative for performing the redun-

Figure 1. Maps showing locations of study sites. 
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dancy analysis (RDA) (without data transformation, sample 
weights, or centering by species) in CANOCO 4.5 software 
(Ter Braak and Šmilauer 2003). The Monte Carlo permu-
tation test was used to evaluate the significance of the first 
ordination axis and that of all canonical axes together. The 
following were considered environmental data: presence of 
pine (Pinus sylvestris) and spruce (Picea abies) in the stands, 
leaf area index (LAI), moss fraction (Moss), fraction of twigs, 
cones and leaves (Fra>5), fraction of needles and humified 
organic residues (Fra<5), soil content of nitrogen (N), sul-
phur (S), carbon (C), phosphorus (P) and potassium (K), and 
air content of sulphur oxide (SO), nitrogen oxides (NO) and 
ammonium (NH).

3. Results

3.1. Assemblages

During the study, 1,340 adults and 132 beetle larvae were 
caught (Electronic Appendix). The mean abundances, species 
number, and proportions of forest species and dendrophagous 
species increased with increasing distance from the pollution 
source, while the proportion of generalist species decreased 
(Table 3, Fig. 2). Other life traits were not dependent on the 
distance from the nitrogen fertilizer plant. With carbon con-
tent in the litter layer increasing the percentages of open area 
species, herbiphagous species and saprophagous species in 
assemblages increased (Table 3, Fig. 2). The proportions of 
zoophagous and mycophagous species declined with increas-
ing nitrogen contamination of the air, and the proportion of 
mixophagous species increased with increasing proportion of 
moss in the forest floor (Table 3, Fig. 2). 

A non-metric multidimensional scaling (NMDS) per-
formed using a Bray-Curtis similarity matrix of the beetle 
assemblages indicated that those had a close association with 
the first two dimensions (final stress = 0.24) (Fig. 3). The first 
axis seemed to separate assemblages inhabiting stands at dif-
ferent distances from the pollution source from the left to the 
right side of the ordination plot. 

The first two RDA axes explained 41.9% of the species 
data and 30.9% of the species-environment data (Fig. 4). The 
RDA grouped the beetle assemblages in the order of stand 
distance from the plant – from the nearest (left upper side of 
the diagram) to the farthest (left lower side). The first axis was 
associated with the distance of the studied stands from the 
pollution source (+0.72) and soil chemistry: sulphur (-0.83), 
potassium (-0.79) and soil pH (-0.62). The second RDA axis 
was correlated with the fraction of humified organic residues 
< 5 mm (+0.77) and moss fraction. The moss fraction and the 
proportion of spruce in the stand were positively correlated 
with increasing distance from the plant. The LAI index, frac-
tion of twigs, cones, leaves (Fra > 5) and fraction of needles, 
humified mortmass (Fra < 5) were positively correlated with 
decreasing distance from the plant. Also, concentration of 
sulphur and phosphorus in the soil was higher in stands lo-
cated closer to the plant.

3.2. Species

The IndVal analysis identified only one species – Atheta 
fungi (common generalist species), which preferred stands 
located close to the nitrogen pollution source (Table 4). Two 
species, Brassicogethes aeneus and Micrambe abietis were 
characteristic of the stands situated more than 5 km away 
from the pollution source. A further two species, Bryaxis 

Table 3. Influence of distance from nitrogen fertilizer plant (Distance), soil carbon content (Carbon), nitrogen contamination of the 
air (Nitrogen) and proportion of moss in the forest floor (Moss) on abundance, species richness and life traits of beetle assemblages, 
general linear model (GLM) regression statistics and Akaike’s information criteria (AIC).

 1

Table 3. Influence of distance from nitrogen fertilizer plant (Distance), soil carbon content (Carbon), nitrogen 

contamination of the air (Nitrogen) and proportion of moss in the forest floor (Moss) on abundance, species richness 

and life traits of beetle assemblages, general linear model (GLM) regression statistics and Akaike's information criteria 

(AIC)  

 

Life traits      F    p    AIC   Ralation to 

Abundance      16.130   <0.001   42.500   Distance 

Species number    25.910   <0.001   50.742   Distance 

Forest species     5.100   0.030   134.672  Distance 

Generalist species   8.110   0.007   399.373  Distance 

Open area species   15.860   <0.001   95.419   Carbon 

Zoophagous species   5.640   0.023   288.484  Nitrogen 

Dendrophagous species  36.300   <0.001   196.160  Distance 

Herbiphagous species  15.080   <0.001   206.389  Carbon 

Mycophagous sspecies  6.060   0.018   148.744  Nitrogen 

Mixophagous species  5.660   0.022   240.292  Moss 

Saprophagous species   5.690   0.022   189.174  Carbon 
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Figure 2. Relationship between species number (a) , abundance of beetles (b), proportion of forest species (c), generalist species (d), 
open area species (e), zoophagous species (f), dendrophagous species (g), herbiphagous species (h), mycophagous species (i), mixopha-
gous species (j) and saprophagous species (k) and the distance from the nitrogen fertilizer plant (a, b, c, d, g), soil carbon content (e, h, 
k), nitrogen contamination of the air (f, i) and proportion of moss in the litter (j). 
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puncticollis and Quedius limbatus, were identified by IndVal 
analysis as associated with stands situated at the distance of 
10 km away from the pollution source. The farthest (less con-
taminated) stands from the plant were characterized by nine 
coleopteran species (Table 4). 

4. Discussion

4.1. Assemblages

In this study, the RDA analysis showed that the content 
of moss increased with increasing distance of the stands from 
the nitrogen fertilizer plant. This can suggest that the soil and 
litter layers were still affected by pollutants in stands situ-
ated closer than 6 km to the plant even several years after de-

crease of emission of pollutants. The moss layer is important 
for many species of coleoptera, such as the forest dwellers 
Carabus hortensis and Carabus glabratus (Skłodowski and 
Garbalińska, 2011), which suggests that a higher content of 
moss in the forest floor can stimulate an increasing proportion 
of forest species in the beetle assemblages. We found only 
mixophagous species in beetle assemblages increasing in 
numbers in association with increasing richness of the moss 
layer.

The RDA analysis also showed a clear evidence of de-
crease of proportions of both fine and coarse fractions of the 
litter layer and an increasing proportion of moss in stands lo-
cated further from the nitrogen fertilizer plant (Fig. 4). A rich 
moss layer can have a negative effect on the number of cara-
bid beetles (Guillemain et al., 1997), but it can positively af-

Figure 3. Non-metric multi-
dimensional scaling analysis 
(NMDS) ordination of beetle as-
semblages in stands at different 
distances from the nitrogen ferti-
lizer plant (NMDS stress = 0.24); 
3 – 3 km, 5 – 5 km, 10 – 10 km 
and 20 – 20 km; a and b – indi-
cate plot replication. 

Figure 4. RDA of stands and beetle 
assemblages at different distances 
from the nitrogen fertilizer plant (3, 
5, 10 and 20) replicated twice (a and 
b); environmental factors: participa-
tion of pine (Pinus), spruce (Picea) 
in the stands, leaf area index (LAI), 
moss fraction (Moss), fraction of 
twigs, cones, leaves (Fra > 5), frac-
tion of needles, humified mortmass 
(Fra < 5), soil content of nitrogen 
(N), sulphur (S), carbon (C), phos-
phorus (P) and potassium (K) and 
air content of sulphur oxide (SO), ni-
trogen oxides (NO) and ammonium 
(NH), acronyms of the names of the 
species in the Appendix. 
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fect the number of forest species (Koivula et al. 1999, Magura 
et al. 2001). We observed increase in abundance, number of 
beetle species, proportions of forest and dendrophagous spe-
cies in beetle assemblages with increasing distance from the 
plant, which can be partly associated with decreasing propor-
tion of the coarse litter fraction and increasing proportion 
of moss in the samples. This can probably also be related to 
higher sulphur and phospohorus concentrations in the soil in 
the stands situated closer to the plant, which can inhibit many 
populations of beetles, especially those sensitive to contami-
nation. Similar findings about beetles and contamination have 
been reported by Skalski et al. (2010). The findings of higher 
numbers of species and individuals and the presence of for-
est and dendrophagous species in the stands farthest from the 
chemical plants seem to support the supposition that a less 
polluted forest habitat is more beneficial for species richness 
and number of individuals of forest dwellers, especially for 
species which feed on trees. A similar observation in the case 
of spiders and carabid beetles inhabiting polluted environ-
ments was described by Horvath et al (2001) and Kędzior et 
al. (2014). Magura et al. (2013) also found higher richness 
of mycetophilous staphylinid species in less disturbed areas. 
The presented and cited results suggest that the dispersion of 
contaminants from the nitrogen plant depends on the prevail-
ing wind direction. The influence of wind direction on ele-
ment concentration in soils has been highlighted by Simon 
et al. (2012).

We also found that a high content of organic carbon in 
the upper horizon of the soil had a positive effect on the num-
bers of open area phytophagous and saprophagous species in 
beetle assemblages. 

The nitrogen content in the soil affects some life traits of 
arthropods (Hadad et al. 2000, Perner et al. 2003). An increas-
ing proportion of zoophagous species in beetle assemblages 
in the forests fertilized by amonium nitrate (28% of nitrogen) 
and carbamide (46% of nitrogen) has been detected during 
controlled experiment (Skłodowski 1995). Therefore, we 
suggest considering that air and soil contamination by the ni-
trogen pollutants could positively affect zoophagous beetles 
in our studied stands. Unfortunately, published information 
on relationships between contamination by nitrogen pollut-
ants and litter dwelling beetles is very scarce. Also, there is 
little of published information on the reactions of herbivorous 
insects to nitrogen pollution. For instance, the abundance of 
larvae of sawfly can be positively associated with plant nitro-
gen content under a low pollution level and negatively associ-
ated with plant nitrogen content under high pollution (Jones 
et al. 2011). Despite our findings on some possible interac-
tions between air pollution with nitrogen pollutants and litter 
dwelling zoophagous beetles, the details of this relationship 
remain unclear and require a deeper study. 

Some interactions between nitrogen contamination and 
soil fungi, which could be potential food for mycophagous 
beetles, have been described in previous papers. For ex-
ample, Brandrud and Timmermann (1998) established the 

Table 4. The IndVal (Indicator Value) and its statistics for species, which are specific for stands at different distances from the pollution 
source.

 1

Table 5. The IndVal (Indicator Value) and its statistics for species, which are specific for stands at different distances 

from the pollution source.  

Species Distance class IndVal p-value frequency 

Atheta fungi 3 0.507 0.007 31 

Brassicogethes aeneus 5 0.722 0.001 24 

Micrambe abietis 5 0.511 0.003 14 

Bryaxis puncticollis 10 0.466 0.017 33 

Quedius limbatus 10 0.429 0.009 6 

Cyphon pubescens 20 0.723 0.001 11 

Strophosoma capitatus 20 0.632 0.002 20 

Cephenium majus 20 0.600 0.001 6 

Anthonomus phyllocola 20 0.532 0.003 34 

Cyphon padi 20 0.500 0.001 12 

Phyllotreta undulata 20 0.467 0.002 10 

Brachonyx pineti 20 0.457 0.005 14 

Gabrius appendiculatus 20 0.450 0.005 6 

Cyphon variabilis 20 0.389 0.014 7 

Philonthus cognatus 20 0.300 0.045 3 
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decline of the biomass of fungi caused by nitrogen input to 
the soil. Michael and Marx (1996) reviewed many papers 
on interactions between nitrogen pollution and mycorrhizal 
fungi and considered that though nitrogen deposition did not 
cause direct damage to the mycorrhizae, it could be a reason 
for the slowdown of processes of mycorrhizae and for higher 
sensitivity of fungi to infection by antagonists or develop-
ment inhibitors. So, we propose that higher concentrations of 
nitrogen pollutants in the air close to the plant can reduce the 
amount of fungi and consequently reduce the abundance of 
mycophagous beetles. 

4.2. Species

The IndVal analysis detected only three species: Atheta 
fungi, Micrambe abietis and Brassicogethes aeneus associ-
ated with stands situated at the distances of three and five 
km from the nitrogen fertilizer plant. Probably, reduction of 
the moss layer and the presence of a high content of organic 
carbon in the soil could stimulate such a guild of indicator 
species in these stands. Avoidance of mossy litter by A. fungi 
was found in our previous studies (Tamutis and Skłodowski 
2015). The other two species seem to react to the presence 
of nitrophilic plants (e.g., Acer platanoides, Corylus avelana, 
Quercus robur, Picea abies) in the stands. The trophic strat-
egy of M. abietis is connected with spruce, but quite often 
it is regarded as a saproxylic species (Goßner et al. 2006). 
The abundant presence of this species in stands situated 5 km 
away from the nitrogen fertilizer plant seems to be stimulated 
by the presence of spruce, which was abundant in this stand 
due to over-fertilization with plant-emitted nitrogen during 
the period 1972–1990. A third species, B. aeneus is a typical 
phytophagous species, the main pest of rape in agriculture 
fields. Its abundant presence in the litter of coniferous for-
ests is not widely known, though for the litter of broadleaved 
forests or forested grasslands for overwintering by this spe-
cies was detected by Marsczali and Nádasy (2006). A lot of 
deciduous trees, such as Acer platanoides, Corylus avellana, 
Quercus robur, were represented in the shrub layer in the 
studied stands (Table 1), and they resulted in an abundant leaf 
fall in autumn. A higher content of leaves in the litter prob-
ably increased its attractiveness for B. aeneus for overwinter-
ing, and probably B. aeneus could tolerate contamination of 
the litter layer by nitrogen pollutants. It seems that all these 
three beetle species can be considered indirect indicators of 
ecosystems affected by nitrogen pollutants.

The IndVal analysis showed the next twelve species asso-
ciated with farthest stands situated 10 and 20 km away from 
the plant. Nine of them (Bryaxis puncticollis, Quedius limba-
tus, Cyphon pubescens, Strophosoma capitatus, Cephenium 
majus, Anthonomus phyllocola, Cyphon padi, Brachonyx 
pineti and Cyphon variabilis) belong to the group of forest 
species, two species (Philonthus cognatus and Gabrius ap-
pendiculatus) are generalists; and Phyllotreta undulata is an 
open habitat species. According to the feeding strategy, the 
life traits of these twelve species are more diverse: zoopha-
gous (5 species), dendrophagous (3 species), herbiphagous 
(1 species) and mixophagous (3 species). Predator species 

B. puncticollis, C. majus, Q.limbatus, G. appendiculatus 
and P. cognatus prey on litter microarthropods, especially 
Collembola (Shomann et al. 2008), armored mites and small 
larvae of Diptera (Belskaya and Kolesnikova 2011), the 
abundance of which is strongly affected by nitrogen deposi-
tion (Xu et al. 2009). The presence of the above-mentioned 
five species in groups of beetles associated with forests at a 
distanced 10 and 20 km from nitrogen fertilizer plant suggests 
its good microhabitats and food supply there. 

The species classified as dendrophagous, A. phyllocola 
and B. pineti, were strictly related to pines and were associat-
ed with assemblages inhabiting forests at a distance of 20 km 
from the nitrogen fertilizer plant. The third dendrophagous 
species, S. capitatum, is regarded as a polyphagous species 
(Lindelöw and Björkman 2001). The records of these beetles 
as species associated with a less polluted forest environment 
can demonstrate their choice of forest litter for overwintering 
in the studied stands and probably a higher suitability of pine 
needles for the food of these needle eaters. However, which 
factor was essential for the distribution of this species in the 
studied stands remains undetermined. Presumably, it could be 
the attractiveness of food. Nitrogen pollution of the air can 
be responsible for changes in needle chemistry (Grodzińska-
Jurczak 1998). Such changes can have a negative effect on 
the quality of food and reduce the quantity of populations of 
these dendrophagous species in the stands situated closer to 
the nitrogen fertilizer plant. 

The IndVal analysis showed three mixophagous species 
(Cyphon padi, C. variabilis and C. pubescens) as associated 
with the studied stands at the farthest distance from the ni-
trogen fertilizer plant. These species prefer forest habitats 
(Dapkus and Tamutis 2008), and they probably found ben-
eficial conditions in the "cleanest" forest stand of our stud-
ied sites. Their presence in the group of associated species 
of stands farthest from the plant could be related with their 
preference to forest habitats, but why were they so abun-
dant? Most likely, that was related to the moss-rich litter in 
the studied stands. Previous findings on the biology of some 
Cyphon species (Klausnitzer and Pospisil 1991) suggest that 
the larvae of these three species could survive in the moss, 
which provides high levels of moisture, and consequently the 
abundant presence of overwintering adults of these species in 
the litter is not accidental. 

In the case of species groups that showed preference 
to the stands farthest from the nitrogen fertilizer plant, ad-
ditional attention could be paid to Cephennium majus. The 
preference of this species to moss-rich layer of mature pine 
stands has been observed in previous studies as well (Tamutis 
and Skłodowski 2015). So, we suggest this species to be an 
indicator of unpolluted ecosystems of pine forest, which are 
commonly characterized by a well developed and rich moss 
layer (Proctor 2000). 

A wide range of choices of overwintering shelters for 
a phytophagous open area species P. undulata is known 
(Hiiesaar et al., 2009); however, its overwintering in conifer-
ous forests has not been documented before. During spring 
and summer, P. undulata feed on Brassicaceae plants, and it 
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is widely considered the main pest of rape in agriculture. The 
reasons of the presence of this species in the studied stand 
could be accidental and we do not rate P. undulata as an in-
dicators species for a less polluted pine forest environment. 
The study confirmed the need to combine observations made 
at different levels of the food chain to explain the differences 
in invertebrate species composition. This is a hot topic in con-
temporary scientific literature (e.g., Simon et al. 2016).
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